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CORRIGENDA. 

Vol.  58,  p.  II,  col.  2,  lines  23  to  29  should  read; 

Total  Use  of  Electricity  by  7  British  Railways  for  Traction,  Lighting  and  Power,  including 

Actual  Commitments  to  have  been  carried  out  but  for  the  War. 

Electricity  generated  and  bought  by  7  railways,  k\v.-hours            . .  .  .          640,271,920 

Maximum  one-hour  demand,  kw.d.       . .              . .              ,  .              .  .  .  .                 196,250 

Annual  one-hour  load  factor,  per  cent                   ..               ..              ..  ..                      37-3 

Vol.  58,  p.  141,  Table:  Delete  "  16,986     1914     Siemens  Bros.  Dynamo  Works  &  E.  O.  Kieffer     Liquid-cooled  rotors." 
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Arrang-ements  for  December  1919  and 
January  1920. 

ORDINARY   MEETINGS    OF   THE    INSTITUTION. 

[To  be  held  at  the  Institution  of  Civil  Engineers,  Great 
George-street,  Westminster,  S.W.,  at  6  p.m.  (light  refresh- 
ments 5.30  p.m.).] 


Date. 
1919. 
II  Dec. 
iS  Dec. 

1920. 
8  Jan. 

22  Jan. 


Author  and  Title  of  Paper. 

J.  M.  Scott-Maxwell  :   "  Scientific  Management." 
D.  M.  W.  Hutchison  and  W.  J.  Wayte  :    "  Elec- 
tricity in  Tin  Mining." 

J.  Shepherd  :    "  Failures  of  Turbo-Generators  and 

Suggestions  for  Improvements." 
J.  L.  Thompson,  M.Sc.  :  "  Transformers  for  Electric 

Furnaces." 


(7  pm.) 

1920. 
Monday, 

Discussion  01 

19  Jan. 
(7  P-m.) 

(Introducec 

MEETINGS   OF 

Date. 
1919. 
I  Dec. 
2Ded. 
3  Dec. 

Place  of 
Meeting. 

Bristol 

Manchester 

Birmingham 

4-  Dec. 

Preston 

9  Dec.  Bradford 
9  Dec.  Glasgow 
15  Dec.     Newcastle 


TERRITORIAL   CENTRES. 

Author  and  Title  of  Paper. 

Address  by  Mr.  W.  A.  Chamen. 

Discussion  on  "  Electricity  Supply." 

G.  L.  Addenbrooke  :  "  Dielectrics 
in  Electric  Fields  "   (Lecture). 

W.  E.  Highfield  and  J.  E.  Calver- 
ley  :  "  Overloads  on  Commutat- 
ing  Machines." 

Discussion  on  "  The  Linking-up 
Report." 

J.  M.  Scott-Maxwell  :  "  Scientific 
Management." 

J.  Lythgoe  :  "  Electrical  Develop- 
ments at  Christchurch,  New  Zea- 
land "  (Lecture). 


WIRELESS   SECTIONAL   MEETING. 

[To  be  held  at  the  Institution  of  Civil  Engineers,  Great 
George-street,  Westminster,  S.W.,  at  6  p.m.  (light  refresh- 
ments 5.30  p.m.).] 

Wednes-    Professor   G.   W.   O.    Howe,    D.Sc.  :     "  The   High- 
day,  frequency  Resistance  of  Wires  and  CoUs." 
17  Dec. 

INFORMAL   MEETINGS. 

[To  be  held  in  the  lecture-hall  of  the  Chartered  Institute 
of  Patent  Agents,  Staple  Inn  Buildings  (South  Block),  W.C] 
1919. 

Monday,    Discussion    on    "  Some    Reflections    on    Labour " 
15  Dec.         (Introduced  by  Mr.  R.  Ranldn). 


Date. 
1919. 

16  Dec. 

17  Dec. 


Place  of 
Meeting. 


Author  and  Title  of  Paper. 

Scientific 
Scientific 


Manchester     J.  M.  Scott-M-\xwell 

Mana.gement. " 
Birmingham   J.  M.  Scott-Maxwell 

Management." 
T.  C.  Roberts  :  "  Water  Power. 


18  Dec. 
1920. 
6  Jan. 

Dublin 
Preston 

12  Jan. 

Newcastle 

13  Jan. 
13  Jan. 

Edinburgh 
Leeds 

13  Jan. 

14  Jan. 

ilanchester 
Birmingham 

15  Jan. 

Birmingham 

19  Jan. 

Liverpool 

26  Jan. 

Newcastle 

27  Jan. 

28  Jan. 

Manchester 
Birmingham 

30  Jan. 

Newcastle 

H.   E.    O'Brien,    D.S.O.  :    "Electric 

Traction." 
J.    M.    Scott-Maxwell  :     "Scientific 

Management." 
(To  be  announced  later.) 
A.   G.   Ellis  and   J.  L.   Thompson  : 

"  Large  Power  Transformers." 
(To  be  announced  later.) 
H.    W.    T.WLOR  :     "  Eddj-    Current 

Losses  in  Stator  Windings." 
Joint  Meeting  with  Midland   Junior 

Gas  Association. 
Address  by  Prof.  E.  W.  Marchant, 
D.Sc.  (Inaugural  Jleeting  of  Liver- 
pool Sub-Centre.) 
].  Shepherd  :    "  Failures  of  Turbo- 
Generators    and     Suggestions    for 
Improvements." 
(To  be  announced  later.) 
J.  Shepherd  :    "  Failures  of  Turbo- 
Generators     and     Suggestions     lor 
Improvements." 
Annual     Dinner     of     North-Eastern 
Centre. 


STUDENTS'   SECTION. 

Meetings. 


Date. 
1919. 
5  Dec. 


j     1920. 

;    16  Jan. 


Place  and  Time 
of  Meeting. 


Author  and  Title  of  Paper. 


Date. 

1919. 
12  Dec. 

1920. 
30  Jan. 


City  and  H.  M.  Barlow  :    "  Thermionic  Mag- 

Guilds  Tech-       niiiers." 
nical  College, 
Finsbury, 
E.C.  (7  p.m.) 

City  and  J.  H.  Reyner  ;    "  The  Development 

Guilds  Engin-     of  Automatic  Telephony." 
eering  College, 
South  Ken- 
sington, S.W. 
(7  pm.) 

Students'   Visits   to   Works. 
Time.  Works  to  be   Visited. 

2  p.m.  The  Royal  .\rsenal,  Woolwich. 

2  p.m.  Streatham   Common   Rubber  Works 

and  East  Surrey  Iron  Works. 


(      1       ) 


(     2     ) 


The  above  visits,  for  which  tickets  of  admission  are 
necessary,  are  open  only  to  Students  of  the  Institution, 
and  those  wisliing  to  attend  should  notify  Mr.  H.  T. 
Body,  54,  Chadwick-road,  Leytonstone,  E.  11,  at  least 
10  days  before  each  visit.  In  some  cases  the  number 
forming  the  party  is  limited  by  the  authoiities  of  the 
works  to  be  xisited,  and  on  these  occasions  the  Com- 
mittee will  decide  by  ballot  or  otherwise  which  Students 
may  attend. 

Smoking  Concert. 

A  Smoking  Concert  will  be  held  at  the  Ship  Restau- 
rant, 45,  Charing  Cross,  W.C,  on  Friday,  19th  December, 
at  7.30  p.m.  Tickets,  to  include  refreshments,  can  be 
obtained  from  Mr.  H.  T.  Body,  54,  Chadwick-road, 
Leytonstone,  E.  11.  price  3s.  6d.  each. 

Irish  Centre  (Belfast). 

The  following  have  been  appointed  to  be  a 
Preliminary  Committee  to  take  the  necessary 
steps  to  inaugurate  the  Irish  Centre  (Belfast)  : — 

Mr.  T.  W.  Bloxam.  Mr.  F.  W.  Parkinson. 

Mr.  E.  S.  Dashwood.  Prof.     R.     Stanley     {Acting 

Mr.  R.  V.  Macrorv.  Hon.  Secretarv). 

Mr.  H.  D.  Wight. 

Scholarships. 

The    Council    have    awarded    the    following 
Scholarships  for  1919-20  : — 

Salomons  Scholarships  (value  ;^50  each)  to  Mr.  J.  C. 
Read,  of  Bristol  University,  and  to  Mr.  H.  J.  Barriscale, 
of  the  Engineering  School,  University  College,  Cork. 

David  Hughes  Scholarships  (value  /50  each)  to  Mr. 
D.  S.  Anderson,  of  the  Royal  Technical  College,  Glasgow, 
and  to  Mr.  B.  A.  Cronin,  of  the  University  College  of 
South  Wales  and  Monmouthshire. 

Paul  Scholarship  (value  /2=i)  to  Mr.  F.  E.  Price,  of 
the  Finsburv  Technical  College. 


Mr. 


Students'  Section. 
G.   W.   Partridge  has  been  re-appointed 


to  be  the  Member  of  Council  to  act  as  a  con- 
sultative member  of  the  Students'  Committee 
for  the  present  session  (see  Institution  Notes, 
No.  II,  February,  1919,  p.  18). 

The  Institution  of  Engineers  (India). 

The  Council  have  decided  to  award,  for  the 
next  live  years,  an  annual  prize  of  £20  for  the 
best  paper  on  an  electrical  subject  read  before 
the  above  Institution. 


Informal  Meeting. 

The  fifth  Informal  Meeting  was  held  on 
Monday,  17th  November,  1919,  at  7  p.m.,  at 
the    Chartered    Institute    of    Patent    Agents, 


Staple    Inn    Buildings,    W.C,    Mr.    Roger    T. 
Smith,  President,  in  the  chair. 

After  an  opening  statement  by  the  Chairman, 
inviting  members  to  offer  introductory  papers 
for  future  meetings,  Mr.  W.  E.  Warrilow  opened 
a  discussion  on  "  Engineering  Advertising," 
and  in  the  discussion  which  followed  Messrs. 
O.  Pearston,  J.  F.  Avila,  R.  Rankin,  R.  W. 
Hughman,  W.  A.  Moore,  —  Mahoney,  J.  W. 
Beauchamp,  J.  Eck,  A.  B.  Eason,  T.  C.  Elder, 
A.  F.  Harmer,  • — ■  Fisher,  and  —  McCallum 
spoke. 

Committees,  1919-1920. 
.^mong    the    Committees    appointed    by    the 
Council  for  1919-20  are  the  following  : — 


Mr.  W.  E.  Bradshaw, 
Dr.  R.  D.  Gifford. 
Mr.  A.  F.  Harmer. 
Mr.  S.  M.  HiUs. 
Mr.  G.  C.  Law. 


INFORMAL  MEETINGS. 

The  President. 

Mr.  F.  Pooley. 


Mr.  R.  Rankin. 

Mr.  W.  E.  Warrilow. 

Mr.  C.  H.Wordingham.C.B.E. 

Mr.  W.  L.  Wreford. 


LIBRARY   AND  MUSEUM. 

The  President. 
Mr.  D.  N.  Dunlop.  Lt.-Col.   W.   A.   J.   O'Meara. 

Mr.  K.  Hedges.  R.E.,  C.M.G. 

Mr.  W.  M.  Mordey.  Mr.  C.  C.  Paterson,  O.B.E. 

Mr.  A.  P.  Trotter. 

"SCIENCE   ABSTRACTS." 

The  President. 
Mr.  J.  Devonshire.  Mr.  W.  M.  Mordey. 

Prof.  E.  W.  Marchant,  D.Sc.       Mr.  C.  C.  Paterson,  O.B.E. 

And  Representing 

^'■^.   w^xr^r,  \  The  Physical  Society  of  London. 

Prof.  J.  W.  Nicholson      J  '  ■' 
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J.  H.  CoDie. 

B.  M.  Drake. 
A.  Henderson. 

J.  W.  Kempster. 
J.  F.  Nielson. 
N.  W.  Prangnell. 

And 
W.  S.  Abell    1 
J.  T.  Milton  ) 
H.  H.  Berry  i 

C.  Rodgers  f 
T.  Carlton  . . 
W.  Cross 

J.  Foster  King 


Mr.  J.  Lowson  . . 


Mr. 
Mr. 


A.  W.  Stewart 
H.  Walker,  O.B.E. 


The  President. 

Mr.  A.  P.  Pyne. 
Mr.  T.  A.  Sedgwick. 
Mr.  S.  G.  C.  Russell. 
Mr.     C.     H.     Wordiagham, 
O.B.E. 

Representing 

. .     Lloyd's  Register  of  Shipping. 

British     Electrical    and     Allied 

Manufacturers'  Association. 
Board  of  Trade. 

Electrical  Contractors'Association. 

British  Corporation  for  the  Survey 

and  Registry  of  Shipping. 

'Institution       of      Engineers      and 

Shipbuilders  in  Scotland. 

IJlectrical  Contractors'  Association 

of  Scotland, 
'institution  of  Naval  Architects. 
N.E.    Coast    Institution   of    Engi- 
neers and  Shipbuilders. 
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TERRITORIAL   CENTRES. 


The  President. 


Mr.  H.  J.  Cash. 
Mr.  W.  A.  Chamen. 
Mr.  J.  Devonshire. 
Mr.  D.  N.  Dunlop. 


Mr."  G.  \V.  Partridge. 
Mr.  W.  B.  Woodhouse. 
Mr.     C.     H.     Wordiugham, 
C.B.E.. 


and  the  Chairman  of  each  Territorial  Centre. 


WIRELESS  SECTIONAL  MEETINGS. 
The  President. 


Major  E.  A.  Barker,  M.C. 
Sir  Charles  Bright,  F.R.S.E. 
Dr.  W.  H.  Eccles. 
Squadron  Leader  J.  Erskine- 

Murray,  R.A.F. 
Mr.  Andrew  Gray. 
Prof.  G.  W.  O.  Howe,  D.Sc. 
Admiral   Sir  H.   B.    Jackson, 

G.C.B.,  K.C.V.O..  F.R.S. 
Mr.  W.  Judd. 
Sir     Oliver     Lodge,     D.Sc, 

F.R.S. 

And 

Lt.-Col.  W.  L.  Evans, 
C.M.G.,  D.S.O.,  R.E. 

Mr.  E.  H.  Shaughnessy, 
O.B.E 

Capt.  J.  K.  Im  Thurn, 
R.N 

Lt.-Col.  A.  D.  Warrington- 
Morris,  C.M.G.,  O.B.E.   . . 


Prof.  E.  W.  Marchaut,  D.Sc. 
Dr.    G.    Marconi,    G.C.V.O., 

LL.D. 
Captain  H.  R.  Sankey,  C.B., 

R.E.  (ret.). 
Mr.  J.  Sayers. 
Major     T.     Vincent    Smith, 

R.A.F. 
Mr.  A.  A.  C.  Swinton,  F.R.S. 
Mr.  J.  E.  Taylor. 
Mr.     C.      H.      Wordingham, 

C.B.E. 

Representing 
War  Office. 
Post  Office. 
Admiralty. 
Air  Ministry. 


WIRING   ROLES. 

The  President. 


Mr.  LI.  B.  Atkinson. 
Mr.  R.  H.  Campion. 
Mr.  H.  J.  Cash. 
Mr.  J.  R.  Cowie. 
Mr.  W.  Cross. 

And 
Mr.  B.  M.  Drake 
Sir  T.  O.  Callender 
Mr.  J.  F.  W.  Hooper 
Mr.  S.  G.  C.  Russell 
Mr.  A.  L.  Taylor 
Mr.  H.  H.  Berry 
Mr.  J.  R.  Dick  . . 
Mr.  W.  E.  Gray. . 
Mr.  E.  J.  B.  Lowdon 


Mr.  J.  F.  Nielson. 

Mr.  A.  P.  Pyne. 

Mr.  C.  H.Wordingham.C.B.E. 

Mr.  J.  Frith. 

Mr.  S.  W.  Melsom. 


Representing 

Contractors  (unofficially). 

Y  Cable  Makers  (unofficially) 


Mr.  J.  Chrisrie 
(One  vacancy) 


Mr.  W.  R.  Rawlings 
Mr.  S.  H.  Webb 
Mr.  J.  M.  Crowdy 


Mr.  C.  P.  Sparks 


i-  Fire  Offices  (unofficially). 

.  .  1  The  British  Electrical  and  Allied 
.  .  J       Manufacturers'  Association. 
The  Cable  Makers'  Association. 
The  Electrical  Contractors'  Asso- 
ciation of  Scotland. 
}The       Incorporated         Municipal 
Electrical  Association. 
Mr.  E.  T.  Ruthven-Murray  The    Incorporated   Association   of 

Electric  Power  Companies. 

}The  Electrical  Contractors'  Asso- 
ciation. 
The  National  .Association  of  Super- 
vising Electricians. 
/-Conference    of    Chief    Officials    of 
.  -'      the    London     Electric     Supply 
I      Companies. 


SECTIONAL  COMMITTEES. 
Lighting  and  Power. 


Mr.  H.  W.  Clothier. 
Mr.  J.  S.  Hightield. 
Mr.  G.  W.  Partridge. 
Mr.  C.  P.  Sparks. 
Mr.  B.  Welbourn. 


The  President. 

Mr.  W.  B.  Woodhouse, 
and  3  non-members  of  Coun- 
cil to  be  co-opted  by  the 
Committee. 


Mr.  W.  A.  Chamen. 
Mr.  H.  W.  Clothier. 
Mr.  W.  B.  Hird. 
Mr.  W.  C.  Mountain 


Electricity  in  Mines. 

The  President. 

Mr.  R.  Nelson. 
Mr.  W.  H.  PatcheU. 
Mr.  W.  M.  Selvey. 
Mr.  C.  P.  Sparks. 
Mr.  W.  B.  Woodhouse. 

Traction. 

The  President. 


Lt.-Col.  F.  A.  Cortez-Leigh. 
Mr.  J.  Devonshire. 
Mr.  A.  Elhs. 
Mr.  H.  W.  Firth. 

Mr.  B. 


Mr.  F.  Lydall. 
Mr.  A.  H.  W.  MarshaU. 
Mr.  G.  W.  Partridge. 
Mr.  J.  Sayers. 
Welbourn. 


ElectFO-Chemistry  and  Electro-Metallurgy. 

The  President. 


Mr.  S.  E.  Fedden. 

Sir    R.    A.    Hadfield,    Bart., 

F.R.S. 
Mr.  J.  S.  Highfield. 
Mr.  W.  M.  Mordey. 


Mr.  C.  P.  Sparks. 
Mr.  J.  Swinburne,  F.R.S., 
and  3  non-members  of  Coun- 
cil to  be  co-opted  by  the 
Committee. 


Telegraphs  and  Telephones. 

The  President. 


Mr.  J.  Sayers. 

Sir  Charies  Bright,  F.R.S.E. 

Mr.  H.  G   Brown. 

Mr.  F.  Gill. 


Mr.  H.  H.  Harrison. 
Mr.  W.  Judd. 
Mr.  W.  Noble. 
Mr.  F.  Ryan. 


Sir  William  SUngo. 

Representatives  of  Tlie  Institution  on 
Otlier  Bodies. 

The  following  is  a  list  of  representatives  of  the 
Institution  on  other  bodies  and  the  dates  on 
which  they  were  appointed. 

Birmingham  Chamber  of  Commerce: 

S.  T.  Allen  (27  March,  1919). 

Bradford  Public  Libraries  Committee  : 

JVIr.  T.  Roles  (27  Feb.,  1919). 

Bristol  University : 

Mr.  H.  F.  Proctor  (6  Dec,  1917). 

British  Engineering  Standards  Association: 

Main  Committee  : 

Col.  R.  E.  Crompton,  C.B.  (2  April,  1914)- 
Sir  John  Snell  (2  April,  1914). 
Mr.  C.  P.  Sparks  (2  April,  1914)- 
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Date. 

Time. 

28  Jan. 

2  p.m. 

14  Feb. 

2  p.m. 

27  Feb. 

2  p.m. 

STUDENTS'   SECTION— continued. 

Meetings. 

Date.  Author  and  Title  of  Paper. 

1920. 

30  Jan.  Discussion  on  "  Quantity  Production  as  a  Panacea  " 
(Introduced  by  Major  K.  Edgcumbe).  [At  Fins- 
bury  Technical  College,  7  p.m.) 
6  Feb.  F.  R.  HousDEN  :  "  Electric  Lifts  and  Cranes." 
(At  the  City  and  Guilds  Engineering  College,  South 
Kensington,  7  p.m.) 

20  Feb.  Discussion  on  "  State  Ownership  versus  Private 
Enterprise"  (Introduced  by  A.  Serner).  {At 
Faraday  House,  7  p.m.) 

Students'  Visits  to  Works. 

Works  to  be   Visited. 


Streatham  Common  Rubber  Worlis, 
and  East  Surrey  Iron  Works. 

Chingford  Pumping  Station  of  Metro- 
politan Water  Board. 

^Messrs.  Johnson  and  Phillips'  works, 
Charlton,   S.E. 


The  above  visits,  for  which  tickets  of  admission  are 
necessary,  are  open  only  to  Students  of  the  Institution,  and 
those  wishing  to  attend  should  notify  Mr.  H.  T.  Body, 
54  Chadwick-road,  Leytonstone,  E.  11,  at  least  10  days 
before  each  visit.  In  some  cases  the  number  forming  the 
party  is  limited  by  the  authorities  of  the  works  to  be  \  isited, 
and  on  these  occasions  the  Committee  will  decide  by  ballot 
or  otherwise  which  Students  may  attend. 

Annual   Dinner. 

The  Annual  Dinner  of  the  Institution  will 
be  held  at  the  Connaught  Rooms,  Great  Queen- 
street,  London,  W.C,  on  Thursday-,  4th  March, 
at  7  p.m.  for  7.30  p.m. 

International  Illumination  Commission. 
Mr.  Percy  Good  has  been  appointed  by  the 
Council  to  be  one  of  the  representatives  of  the 
Institution  on  the  British  National  Committee 
of  the  above  Commission. 

Informal  Meetings. 

The  sixth  Informal  Meeting  was  held  on 
Monday,  15th  December,  1919,  at  7  p.m.,  at 
the  Chartered  Institute  of  Patent  Agents,  Staple 
Inn  Buildings,  W.C,  Mr.  A.  F.  Harmer  in  the 
chair. 

Mr.  R.  Rankin  opened  a  discussion  on  "  Some 
Reflections  on  Labour,"  in  which  the  following 
took  part  :  Major  T.  Rich,  R.E.,  O.B.E.,  Messrs. 
R.  E.  Dickinson,  J.  W.  Beck,  Dr.  R.  D.  Gifford, 
Messrs.  A.  B.  Eason,  A.  Humphreys,  A.  C. 
Wilmot,  G.  C.  Law,  F.  Pooley,  F.  H.  Masters, 
O.B.E.,  and  F.  N.  Haward. 


The  Chairman  announced  that  it  had  been 
decided  not  to  arrange  for  visits  to  works 
during  the  present  session. 

The  seventh  Informal  Meeting  was  held  on 
Monday,  19th  January,  1920,  at  7  p.m.,  at 
the  Chartered  Institute  of  Patent  Agents, 
Staple  Inn  Buildings, W.C,  Mr.  W.  E.  Bradshaw 
in  the  chair. 

Mr.  F.  H.  Masters,  O.B.E.,  opened  a  dis- 
cussion on  "  Functions  of  a  Trade  Journal," 
in  which  the  following  took  part  : — Messrs. 
F.  H.  Nalder,  W.  E.  Warrilow,  R.  Rankin, 
S.  M.  Hills,  O.  Pearston,  J.  C  Rennie,  A.  G. 
Whyte,  A.  H.  Allen,  F.  Pooley,  A.  G.  Hilling, 
R.  W.  Hughman,  A.  B.  Eason,  and  W.  E. 
Bradshaw. 

The  Chairman  announced  that  it  had  been 
decided  to  hold  an  Informal  Social  Evening 
on  Monday,  29th  March,  particulars  of  which 
will  be  announced  later. 

I.E.E.  "Wiringr  Rules. 

The  Council  have  approved  the  following 
recommendation  of  the  Wiring  Rules  Com- 
mittee : — 

"  That  A\'iring  Rule  39  be  amended  to  read  as  follows  : 
"  39.  Except  tor  wiring  fittings,  the  cross-sectional 
area  (Table,  Col.  2)  of  any  copper  conductor  must  not 
be  less  than  00015  square  inch  (I/■0:^.^').  The  cross- 
sectional  area  of  fittings  wires  must  not  be  less  than 
o-ooio  square  inch   (i/'036')." 

A  complete  revision  of  the  Wiring  Rules  is 
in  hand,  and  the  Committee  will  be  glad  to 
receive  suggestions  (in  the  form  of  ■  specific 
amendments)  for  consideration  during  the 
revision.  Suggestions  should  be  addressed  to 
the  Secretary  of  the  Institution,  i,  Albemarle 
Street,  London,  W.  i.  Many  valuable  sugges- 
tions have  already  been  received. 

Mr.  L.  L.  Robinson  has  been  nominated  by 
the  Incorporated  Municipal  Electrical  Associa- 
tion to  serve  on  the  Committee  in  addition  to 
Mr.  J.  Christie  ;  and  Mr.  O.  M.  Andrews  has 
been  nominated  by  the  Conference  of  Chief 
Officials  of  the  London  Electric  Supply  Com- 
panies as  their  representative  on  the  Committee 
in  place  of  Mr.  C  P.  Sparks,  who  retired  from 
the  Conference  on  the  31st  December,  1919. 
Mr.  Sparks  has  agreed  to  serve  on  the  Com- 
mittee in  his  private  capacity. 
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International  Eleetroteclinical  Commission. 

The  Secretary  of  the  Institution  has  received 
the  following  for  pubhcation  : 

The  Plenary  Meeting  of  the  International  Electro- 
technical  Commission  was  held  in  London  from  Octo- 
ber 2oth  to  23rd  at  the  Institution  of  Civil  Engineers. 

The  British  National  Committee,  of  which  Sir  Richard 
Glazebrook,  K.C.B.,  is  Chairman,  is  now  under  the 
aegis  of  the  British  Engineering  Standards  Association 
in  accordance  with  the  settled  policy  of  the  Institution 
'  that  all  standardization  should  be  carried  olit  by  the 
B.E.S.A.,  and  all  rules  and  regulations  be  prepared  by 
the  Institution. 

There  were  over  50  delegates  present  from  19  coun- 
tries, and  they  were  received  by  Monsieur  Maurice 
Leblanc,  President  of  the  Commission. 

The  delegates  were  welcomed  by  Sir  Richard  Glaze- 
brook,  K.C.B.,  President  of  the  British  National  Com- 
nittee,  Mr.  Roger  T.  Smith,  President  of  the  Institution 
on  behalf  of  the  I.E.E.  Council,  and  Mr.  A.  R.  Everest 
on  behalf  of  the  British  Electrical  and  Allied  Manufac- 
turers' Association. 

A  banquet  was  given  to  the  delegates  by  the  President 
and  Members  of  the  British  National  Committee,  the 
President  and  Council  of  the  Institution,  and  the  Chair- 
man and  Council  of  the  British  Electrical  and  Allied 
Manufacturers'  Association  on  Tuesday,  21st  October, 
igig,  at  which  the  Rt.  Hon.  A.  J.  Balfour,  O.M.,  gave 
an  Address. 

At  the  Plenary  Meeting  held  on  22nd  October,  it 
wa.s  unanimously  decided  to  re-appoint  the  following 
Advison,-  Committees  (previously  known  as  Special 
Committees) : — 

Nomenclature. 

Rating  of  E^lectrical  Machinery'. 

S)'mbols. 

Prime  Movers  for  Electrical  Plant. 

and  also  to  appoint  the  following  additional  Advisorv 
Committees  : — 

Aluminium.. 

Screw  Lamp  Caps  and  Lampholders. 

Charging  Plugs  for  Electrical  Vehicles. 

Standard  Pressures  for  Distribution  and  Insulators. 

It  was  decided  to  hold  meetings  of  the  Advisory 
Committees  in  Brussels  in  the  early  spring  of  1920, 
the  Central  Office  being  empowered  to  make  the  neces- 
sary arrangements. 

At  the  meeting  of  the  Council  of  the  Commission 
held  on  Wednesday,  22nd  October,  Dr.  Mailloux  was 
unanimously  elected  as  the  new  President  of  the  Com- 
mission. Dr.  Mailloux  was  one  of  the  founders  of  the 
Commission  and  its  success  has  been  due,  in  no  small 
measure,  to  his  efforts  on  its  behalf.  His  great  linguistic 
abilities  have  been  of  the  utmost  service  on  many 
occasions. 

The  Coimcil  accepted  the  invitation  of  the  United 
States  National  Committee  to  hold  the  next  Plenarj' 
Meeting  in  the  United  States  of  America  during  the 
summer  of  1020. 


At  the  close  of  the  meeting  a  silver  cup,  subscribed 
for  by  his  friends,  was  presented  to  Colonel  R.  E. 
Crompton,  C.B.,  the  Honorary-  Secretary  of  the  Com- 
mission, by  Dr.  Mailloux. 

Accessions  to  the  Reference  Library. 

Allen,  R.  G.  Principles  and  practice  of  electrical 
testing  as  applied  to  apparatus,  circuits  and 
machines.  8vo.     363  pp.     London,  1919 

Amed£o,  R.  Recherches  experimentales  sur  le  coupage 
des  fers  et  aciers  par  les  chalumeaux  a  jet  d'oxy- 
gene.  8vo.     72  pp.     Paris,   191 3 

Anderson,  AV.  T.  Presidental  address.  [Read  before 
the  Lancashire,  Cheshire  and  N.  Staffordshire 
Branch  of  the  Association  of  Mining  Electrical 
Engineers].  Being  chiefly  a  commentary  on  the 
Home  Office  Regulations  governing  the  use  of 
electricity  in  mines.  4to.     19  pp.     n.p.,  1918 

Arnold,  E.,  and  La  Cour,  J.  L.  Der  Kaskadenum- 
former.  Seine  Theorie,  Berechnung,  Konstruk- 
tion  und  Arbeitsweise.    8vo.     80  pp.    Stuttgart,  igo^ 

Baillehache,  R.  E.  J.,  Comte  de.     Unites  electriques. 

8vo.     21 1  pp.     Pam,  1909 

Belluzzo,  G.     Le  turbine  a  vapore  ed  a  gas. 

Svo.     428  pp.     yiilano,  1905 

Bremner,  D.  a.  Some  features  and  requirements 
of  the  industrial  situation.  Address,  Shipping, 
Machinery  and  Engineering  Exhibition,  Ol^tnpia, 
London.     [The    British   Engineers'    Association]. 

8vo.     16  pp.     London,   1919 

British  Engineering  Standards  Association.  [Pub- 
lications].    No.  7,  47,  81,  86,  89,  90,  103,  104. 

Svo.     London,    1919 

7,  British  standard  specification  for  dimensions  of  insulated 
annealed  copper  conductors  for  electric  power  and  light,  includ- 
ing pressure   tests.     {Revised  July,    1019). 

47,  British  standard  specification  and  sections  for  steel  fishplates 
for  British  standard  bull  head  railway  rails  (for  rails  from  70  lbs. 
to  100  lbs.  per  yard  inclusive)  and  for  British  standard  fiat 
bottom  railway  rails  (for  rails  from  25  lbs.  to  100  lbs.  per  yard 
inclusive).     (Revised    June,    1919). 

81,  British  standard  specification  for  instrument  transformers. 

86,  British  standard  specification  of  magnetos  for  aircraft  purposes. 
(Superseding  no.  80,  r9i7). 

8g,  British  standard  specification  for  indicating  ammeters,  volt- 
meters, wattmeters,  frequency  and  power-factor  meters. 

90,  British  standard  specification  for  recording  (graphic)  ammeters, 
voltmeters  and  wattmeters. 

103,  British  standard  specification  for  falling  weight  testing  machiiKS 
for  rails. 

104,  British  standard  sections  of  light  flat  bottom  railway  rails  and 
fishplates.     (For  rails  from  10  to  20  lbs.  per  yard  inclusive.) 

British  Thomson-Houston  Company,  Limited,  The. 
Apprentice  training,    sm.  8vo.    6i  pp.    Rugby,  1919 

Brunelli,  I.  La  costruzione  delle  hnee  elettriche 
aeree  per  telegrafi,  telefoni,  trasporti  industriali 
e  trazione   elettrica.     Svo.     326  pp.     Roma,    1912 

Canada.  Dept.  of  the  Interior.  Dominion 
Water  Power  Branch.  Annual  report  for  the 
year[s]  ending  March  31,  1914-17.  [The  Report 
ending  31  March,  1914,  has  title  Report  of  the 
Superintendent   of   Water   Powers]. 

4  vol.     Svo.     Ottawa,  igi 5-18 

Water  resourses  paper[s].     No.  1-4,  7,  8,   10-14, 

16-22,   27.  Svo.     Ottawa,  1914-1919 

1,  Carson,  P.  \.  Report  on  Railway  Belt  Hydrographic  Suney 
for  igii-i2. 

2,  Hendr>',  M.  C.  Report  on  Bow  river  power  and  storage  investi- 
gations     Seasons   I9lt-I3.     [Maps,   r  vol.] 

3,  Johnston,  J.  T.  Report  on  the  Winnipeg  river  power  and  stor- 
age investigations.    2  vol. 
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4,  19,  22,  Hendry,  M.  C.  Progress  report  of  the  Manitoba 
Hydrographic  Survey  for  1912-16.     3  vol. 

7,  McLean,  D.  I..,  Scovil,  S.  S..  and  Johnston,  J.  T.  Report  on 
the  Manitoba  water-powers. 

8,  14,  iS,  21.  Swan,  R.  G.  Report  of  'the  British  Columbia 
Hvdrographic  Survey  for  rgi3~l6.     4  vol. 

10,  Johnston,  J.  T.     General  guide  for  the  compilation  of  water 

power  reports,  and  the  securing  of  field  data, 
ir,  Dunn,  T.  H.     Report  on  Pasquia  reclamation  project. 

12,  Beale,  .\.  M.     Report  on  small  water  powers. 

13,  Conway,  G.  R.  G.  Report  on  the  Coquitlam-Buntzen  hydro- 
electric development,  British  Columbia. 

16,  Water  powers  of  Canada.  Being  a  reprint  of  a  series  of  five 
monographs. 

17,  Mitchell.  C.  H.  Canadian  hydraulic  power  development  and 
electric  power  in  Canadian  industry. 

20,  Kensit,  H.  E.  M.     Report  on  the  interests  dependent  on  Winni- 
peg river  power,  with  special  reference  to  the  capital  invested 
and  the  labour  employed. 
27,  Johnston,  J.  T.     Central  electric  stations  in  Canada,    part 
II,  Directory  (Jan.  r,  1919). 

For  pi,  I   0/  this  report  (Statistics),  see  Canada,  Douiinion 
Bureau  of  Statistics,  Census  of  Industry,  1917  ;   1919. 

Canada.  Dominion  Bureau  of  Statistics.  Census 
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Arrangements  for  March.  1920. 

ORDIXARY    MEETIXGS    OF    THE    INSTITUTION. 
(Thursdays.) 

[To  be  held  at  the  Institution  of  Civil  Engineers,  Great 
George-street,  Westminster,  S.VV.,  at  6  p.m.  (light  refreshments 
5.30  p.m.).] 

Date.  Author  and  Title  of  Paper. 

1920. 

1 1  Mar.      \V.  H.  P.\tchell  ;  "  Notes  on  Operating  a  By-product 
Producer  Gas  Plant  for  Power  and  Heating." 
S.  H.   FoWLES  :   "  Production  of  Power  from  Blast 
Furnace  Gas." 

1 8  Mar.  Adjourned  discussion  on  the  above  papers  by  Messrs. 
W.  H.  P.ATCHELL  and  S.  H.  Fowles. 

25  Mar.  Discussion  on:  la',  "Tlie  Electrical  Equipment  of 
.Artisan  Dwellings"  (Willi  an  Introductory  Paper 
by  Mr.  L.  Milne)  ;  lb)  The  Report  of  the  Earthing 
Sub-Committee  of  the  Wiring  Rules  Committee. 

WIRELESS  SECTIONAL  MEETING. 

(Wednesday.) 

[To   be   held   at    the   Institution   of    Civil    Engineers,    Great 

George-street,  Westminster,  S.W.,  at  6  p.m.  (light  refreshments 

5.30  p.m.).] 

1920. 

17  Mar.  Captain  P.  P.  Eckersley  :  "Duplex  Wireless  Tele- 
phony :  Some  Experiments  on  its  .Application  to 
Aircraft." 

INFORM.AL  MEETINGS. 

(Mondays.) 

[To  be  held  in  the  Lecture-hall  of  the  Chartered  Institute  of 
Patent  Agents,   Staple   Inn    Buildings    (South    Block),    W.C, 
at  7  p.m.]. 
1920. 
1  Mar.         R.   E.  Dickinson  :    ''  The   Future  of  Labour  in  the 

Engineering  Industry." 
15  Mar.      J.  W.  Beaucha.mp   and   S.    M.   Hills:    "Industrial 

Electrial  Heating." 
29  Mar.       (To  be  announced  later.) 


MEETINGS    OF    TERRITORIAL    CENTRES. 


Date. 
1920. 

I   Mar. 


Place  of 
Meeting. 

Bristol 


8  Mar.      Middlesbrough 


8  Mar.      Newcastle 


Author  and  Title  of  Paper. 

Prof.  D.  Rohertson  :  "  Electric 
Ciocl<s"  (Lecture). 

S.  H.  FoWLES  :  "Production  of 
Power  from  Blast  Furnace  Gas." 

Major  K.  Edgcumise,  R.E.  (T.)  : 
"  The  Protection  of  .Alternating- 
Current  Distribution  Systems  with- 
out the  Use  of  Special  Conductors." 


Date. 
1920. 

9  Mar. 


9  Mar. 
9  Mar. 


20  Mar. 
22  Mar. 


23  Mar. 

24  Mar. 


Date. 
1920. 
5  Mar. 

19  Mar. 


Dale. 
1920. 

12  Mar 


Place  of 
Meeting. 

Edinburgh 


Leeds 


Manchester 


15  Mar.       Liverpool 


17  Mar.       Birmingham 


Shehield 
Newcastle 


23  Mar.       Manchester 


Sheffield 
Birmingham 


Author  and  Title  of  Paper. 

Major  K.  Edgcumbe,  R.E.  (T.) : 
"  The  Protection  of  Alternating- 
Current  Distribution  Systems  with- 
out the  Use  of  Special  Conductors." 

J.  Shepherd  :  "  Failures  of  Turbo- 
Generators  and  Suggestions  for 
Improvements." 

W.  H.  P.\tchell:  "  Notes  on  Operat- 
ing a  By-product  Producer  Gas 
Plant  for  Power  and  Heating." 

S.  H.  F'oWLES :  "  Production  of 
Power  iron  Blast  Furnace  Gas." 

Lieiit.-Col.  H.  E.  O'Brien,  D.S.O.  : 
"The  Application  of  the  Electric 
Locomotive  to  Main-Line  Traction 
on  Raihvays." 

Major  K.  Edgcumbe,  R.E.  (T.)  : 
"  The  Protection  of  Alternating- 
Current  Distribution  Systems  with- 
out the  Use  of  Special  Conductors." 

D.  Kkrr  :   "  Electric  Winders." 

S.  H.  Fowles  :  "Production  of 
Power  from  Blast  Furnace  Gas." 

Major  K.  Edgcumbe,  R.E.  (T.)  : 
"The  Protection  of  Alternating- 
Current  Distribution  Systems  vi'ith- 
out  the  Use  of  Special  Conductors." 

J.  L.  Thompson:  "Transformers 
for  Electric  Furnaces." 

(To  be  announced  later.) 


STUDENTS'   SECTION. 

Meetings. 
Author  and  Title  of  Paper. 

.Address  by  the  President,  Mr.  Roger  T.  Smith. 
[At  the  City  anil  Giiiliis  {Eni>incering)  College,  Soiilii 
Kensington,  7  f.vi.l 

J.  Scott-Taggart,  M.C.  :  "The  Vacuum  Tube  as 
a  Transmitter  and  Receiver  of  Continuous  Waves." 
(At  the  City  and  Guilds  Technical  College,  Leonard- 
street,  Finsbiiry,  E.G.,  7  p.vi.) 


Time. 


Visits  to  Works. 

Works  to  be  Visited. 


(     9 


2  p.m.  Messrs.  Peck  l-'rean  and  Co. '3  Works, 

S.E. 
26  Mar.      2  p.m.  Lot's-road  Generating  Station. 

The  above  visits,  for  which  tickets  of  admission  are  necessary, 
are  open  only  to  Students  of  the  Institution,  and  those  wishing 
to  attend  should  notify  Mr.  H.  T.  Body,  54  Chad  wick-road, 
Leytonstone,  E.  11.  at  least  10  days  before  each  visit.  In 
some  cases  the  number  forming  the  party  is  limited  by  the 
authorities  of  the  works  to  be  visited,  and  on  these  occasions 
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the    Committee   will    decide    hy    ballot   or    otherwise   which 
Students  may  attend. 

Students'  Smokinj  Co,\CEiiT. 

DiiU.  Time.  Place  of  Mcctiiiii. 

1920. 

12  Mar.      7.30  p.m.        Imperial  Hotel,  Kiissell  Square,  W.C 

Summer  Meeting-,  1920. 

It  is  proposed  to  hold  a  Summer  Meeting  of 
the  Institution  from  Tuesdaj',  13th  July,  to 
Friday,  i6th  Julj^  at  the  Western  Centre.  Car- 
diff will  be  the  headquarters,  and  thei'e  will 
also  be  visits  to  Hereford  and  Swansea.  Further 
particulars  will  be  announced  shortl3\ 

New  Local  Honorary  Secretaries. 

Mr.  H.  B.  Poynder  has  been  appointed 
Honorary  Secretary  of  the  North-Eastern  Centre 
in  place  of  Mr.  L.  H.  A.  Carr,  and  Mr.  A.  J. 
Ostler  has  succeeded  Mr.  A.  J.  Newman  as  one 
of  the  Joint  Honorary  Secretaries  of  the  Western 
Centre. 

Sub-Centres. 

The  following  is  a  list  of  Sub-Centres  of  the 
Institution  already  formed  : — 

Name  and 
Address  of  Hon.  Secretary. 

R.  M.  Longman,  Hinton's  Build- 
ings, Middlesbrough. 

J.  D.  Bailie,  65-67  Prudential 
Buildings,  Park-row,  Leeds. 

O.  C.  Waygood,  50  Manor- 
road,  Meols,  Hoylake. 

J.  F.  Simpson,  Corporation 
Tramways,  Deepdale,  Pres- 
ton. 

A.  Gardner,  Electricity  Works, 
Milburn-street,  Aberdeen. 

J.  F.  DKTVER.Technical  College, 
Loughborougli. 


Parent  Centre. 
North-Eastern 

North  Midland 
North-Western 


Scottish 
South  Midland 


Sub-Centre. 
Tees-side 

Shcfheld 

Liverpool 

Preston 


Aberdeen 


East  Midland 


Local  Centre  in  Argentina. 

The  Council  have  approved  the  formation  of 
a  Local  Centre  of  the  Institution  in  Argentina, 
and  the  following  Local  Committee  has  been 
appointed: — 

Argentina  Local  Centre  Committee. 
J.  T.  Cornish.  V.  Lindop. 

A.  C.  Kelly.  H.  L.  Randolph. 

W.  C.  Laidler.  L.  B.  Trant. 

J.  Wilson. 

Journal. 
The  Council  have  decided  to  publish  in  the 
form  of  a  supplement   to   last    year's   volume 


(vol.  57)  of  the  Journal  the  papers  and  discus- 
sions   held    over   from   previous    Sessions,    the 
publication    of    which    had    been    deferred    on 
.  account  of  the  paper  shortage. 

Examinations. 

The  Council  have  decided  to  cancel  the  sus- 
pension of  the  Examination  for  Associate  Mem- 
bership, which  will  be  imposed  on  all  candidates 
not  having  passed  one  of  the  exempting  examina- 
tions or  submitted  a  satisfactory  thesis,  whose 
applications  are  received  after  the  29th  Feb- 
ruar}^  1920.  In  the  case  of  applicants  who 
have  attained  the  age  of  35  the  Council  may, 
in  their  discretion,  dispense  with  the  examina- 
tion or  thesis. 

Informal  Meetings. 

The  eighth  Informal  Meeting  was  held  on 
Monday,  2nd  February,  1920,  at  7  p.m.,  at  the 
Chartered  Institute  of  Patent  Agents,  Staple 
Inn  Buildings,  W.C,  Dr  R.  D.  Gifford  in  the 
chair. 

Major  T.  Rich,  O.B.E.,  gave  a  discourse 
entitled  "  Engineering  Experiences  during  the 
War,"  and  in  the  subsequent  discussion  the 
following  took  part  : — Major  A.  E.  Levin,  Major 
R.  Grierson,  Messrs.  J.  Coxon,  G.  C.  Allingham, 
M.B.E.,  A.  C.  Brown,  H.  Laws  Webb,  W.  F. 
Andrews,  B.  Lakeman,  M.  D.  Hart,  F.  W. 
Bissett,  and  —  Whitgift. 

The  ninth  Informal  Meeting  was  held  on 
Monday,  i6th  February,  1920,  at  7  p.m.,  at  the 
Chartered  Institute  of  Patent  Agents,  Staple 
Inn  Buildings,  W.C,  Mr.  S.  M.  Hills  in  the 
chair. 

Mr.  A.  B.  Eason  opened  a  discussion  on 
"  Automatic  Telephony  for  Private  Branch 
Exchanges,"  in  which  the  following  took 
part :— Dr.  R.  D.  Gifford,  Messrs.  A.  F.  Harmer, 
M.  D.  Hart,  F.  Shipton,  R.  Scruby,  A.  H.  Allen, 
W.  J.  Oswald,  T.  W.  Smith,  F.  Morley  Ward, 
M.  R.  Gardner,  F.  Pooley,  G.  J.  D.  Scott,  and 
J.  R.  Bedford. 

Overseas  Trade. 

The  Institution  has  received  the  subjoined 
letter  (see  page  11)  from  the  Department  of 
Overseas  Trade,  and  in  this  connection  a 
Member    of    the    Council    has     prepared    the 
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following  prefatory  note,  which  it  is  hoped 
will  prove  helpful  in  making  known  the 
Department's  arrangements  •  for  facilitating 
the  work  of  British  traders  abroad : — 

As  is  already  widely  known,  the  Commercial  Intelli- 
gence Service  of  the  Government  has  recentlj'  undergone 
considerable  development.  The  Consular  Service  is 
being  re-organized,  and  special  prominence  is  being  given 
to  commercial  matters  in  the  work  of  all  Consular 
Officers. 

Salaried  Consular  Officers,  as  distinct  from  Trading 
(i.e.  unsalaried)  Consular  Officers,  are  appointed  to  ail 
centres  of  commercial  importance  throughout  the  world. 
So  many  misconceptions  are  prevalent  with  regard  to 
the  xmsalaried  service  that  a  few  remarks  are  advisable 
in  this  connection.  For  many  years  past  only  British 
subjects  have  been  allowed  to  be  members  of  the  salaried 
sei-vice,  and  the  numerous  questions  as  to  the  presence 
of  aUens  in  the  ranks  of  the  Consular  Service  are  due 
to  the  fact  that  the  distinction  between  the  salaried 
and  unsalaried  services  is  not  commonly  known.  Where 
commercial  or  other  considerations  justif)^  the  appoint- 
ment of  a  whole-time  representative,  a  salaried  Consul 
is  appointed  belonging  to  the  regular  service.  Candi- 
dates for  the  regular  service  must  not  only  be  British- 
born  subjects,  but  their  oiigin  and  connections  are  also 
carefully  scrutinized.  Unsalaried  Consular  Officers  are 
appointed  at  posts  where  circumstances  do  not  warrant 
the  expense  of  maintaining  a  salaried  post,  but  where, 
on  the  other  hand,  the  presence  of  some  British  repre- 
sentative is  of  distinct  advantage  to  British  travellers, 
merchants,  or  shipping.  Valuable  services  have  in 
many  cases  been  rendered  by  such  officers  in  the  past. 
Wherever  possible,  British  subjects  are  appointed  to 
these  unsalaried  posts,  and  in  point  of  fact  the  great 
majority  of  unsalaried  Consular  Officers  aie  British 
subjects.  Where  a  British  subject  is  not  available, 
but  where  it  is  nevertheless  desirable  that  a  British 
Consular  post  should  be  established,  the  honorary 
services  of  citizens  of  a  friendly  countr5'  are  accepted, 
always  provided  that  their  standing,  connections,  and 
dispositions  are  found  to  be  satisfactor}^  It  should 
be  added  that  such  unsalaried  officers  work  under  the 
supervision  and  control  of  the  regular  Consul-General  or 
Consul  within  whose  district  their  duties  are  performed. 

In  addition  to  the  Consular  Service,  the  Commercial 
Diplomatic  Service  has  been  rapidly  developed  during 
the  past  two  years.  About  50  commercial  counsellors 
and  secretaries  have  now  been  appointed  to  embassies 
and  legations  throughout  the  world. 

Whereas  the  duties  of  the  Consul  are  local  and  detailed, 
those  of  the  Commercial  Diplomatic  Officer  are  central 
and  general  Tariff  changes,  import  and  export  regula- 
tions or  restrictions,  legislation  or  legal  decisions  affecting 
companies,  patents,  concession  rights,  or  industry,  fall 
within  the  sphere  of  the  Commercial  Diplomatic  Officers. 
So  also  does  the  cultivation  of  friendly  relations  -.rith  the 
officials  of  the  central  Government  of  the  country,  who 
are  particularly  connected  with  finance  and  commerce. 
The  Commercial  Diplomatic  Officer  studies  the  commer- 
cial and  industrial  problems  of  the  country  as  a  whole. 


whereas  the  attention  of  the  Consul  is  focused  upon 
his  own  particular  consular  district.  For  commercial 
intelligence  purposes  the  Consular  Officer  is  under  the 
supervision  and  control  of  the  Commercial  Diplomatic 
Officer,  and  is,  in  fact,  in  his  own  district  the  eyes  and 
ears  of  the  Commercial  Diplomatic  Officer  at  the 
capital. 

As  an  indication  of  the  prominence  which  is  being 
given  to  the  commercial  work  of  our  representatives 
abroad  it  may  be  noted  that  the  Department  of  Overseas 
Trade  in  London  is  now  the  headquarters  of  both  the 
Commercial  Diplomatic  and  the  Consular  Services. 

It  is  realized  that  if  the  Department  and  its  Officers 
abroad  are  to  carry  out  their  functions  efficiently,  close 
touch  must  be  maintained  with  British  manufacturers 
and  exporters.  The  following  letter,  which  has  been 
issued  to  all  technical  institutions  and  trade  associations 
in  the  country,  is  welcome  evidence  of  the  desire  for 
the  co-operation  with  traders  which  now  pervades  the 
official  Commercial  IntcUigence  Organization. 

[Copy.] 

Departmeni  of  Overseas  Trade 

(Development  and  InteUigence) , 
4,  Queen  Anne's  Gate  Buildings,  S.W.   i, 
17  November,   igiQ 
D.O.r.   101139  S.C. 

Sir, 

I  am  directed  to  inform  you  that  cases  have 
recently  occurred  in  which  delegations  of  British  indus- 
tries and  trades  have  visited  foreign  countries  and 
various  parts  of  the  Empire  without  His  Majesty's 
Diplomatic  or  Consular  Officers  or  His  Majesty's  Trade 
Comm.issioners  having  been  ad\'ised  beforehand  of  the 
visit,  or  notified  of  their  arrival. 

The  result  has  been  that  His  Majestj''s  Consular  Officers 
and  Trade  Commissioners  have  lost  an  opportunity  of 
rendering  assistance,  and  of  discussing  matters  con- 
nected with  British  trade  of  very  great  interest  to  them. 

I  am,  therefore,  to  suggest  that  you  should  furnish 
early  notice  of  any  such  visits  in  which  you  may  be 
interested  in  order  that  this  Department  may  notify 
His  Majesty's  Consular  Officers  and  other  Officers 
abroad  concerned. 

It  will  be  useful  to  have  particulars  of  the  numbers 
of  the  delegation,  the  object  of  the  visit,  the  organiza- 
tion on  whose  behalf  it  is  made,  and,  if  possible,  the 
name  of  the  hotel  or  hotels  at  which  they  will  stay,  and 
any  other  relevant  information. 

Might  I  also  ask  you  to  recommend  British  firms  when 
sending  representatives  abroad  on  a  business  tour  to 
instruct  their  representatives  to  call  on  His  Majesty's 
Consular  Officers  in  the  countries  they  visit  aud  on  the 
Commercial  Diplomatic  Officer  in  the  capital  of  each 
country,  and,  in  the  case  of  the  Dominions,  on  His 
Majesty's  Senior  Trade  Commissioner. 

The  object  of  this  Department  is  to  bring  the  commer- 
cial,   diplomatic,    consular    and    kindred    services    into 
closer  personal  touch  with  British  firms,  and  1  feel  sure 
that  we  can  rely  on  your  co-operation  in  the  matter. 
Yours  faithfully, 

(Signed)  L.  A.  Paish, 

for  Comptroller-General. 
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Benevolent  Fund. 

Donations  from  the  following  were  reported 
by  the  President  at  the  Ordinary  Meeting 
held  on  the  22nd  January  last  (see  Journal, 
1920,  vol.  58,  p.  200)  : 

W.  J.  Addison.  F.  S.  Adkins,  H.  Alabaster,  C.  T. 
Allan,  P.  F.  Allan,  P.  R.  Allen,  A.  Anderson,  H.  M. 
Anderson,  O.  M.  Andrews,  T.  C.  Angus,  "  Anonymous," 
R.  Ardis,  A.  Arnold,  K.  N.  Arnold,  C.  J.  Aston, 
L.  B.  Atkinson,  T.  Austin,  T.  H  Baines,  F.  J. 
Baldwin,  P.  E.  Bamford,  P.  J.  Barnes,  B.  Barber, 
A.  H.  Bate,  M.  Beales,  J.  S.  Bean,  F.  G.  Beaton, 
A.  J.  Beckett,  J.  T.  Becklade,  E  G.  Bell,  E.  E.  Benham. 
H.  W.  Bennett,  F.  P.  Best,  N.  Binks,  J.  Birch,  W. 
Bird,  D.   H.   Bishop,    J.   W.   Black.   H.    E.   Blackiston, 

E.  H.  Bond,  C.  A.  Boraston.  A.  McD.  Bower,  E.  Braathen, 
W.  D.  Brakenridge,  S.  E.  Britton,  S.  K.  Broadfoot, 
H.  Brooke,  J.  S.  Brown,  W.  Brown,  Brig.-Gen.  W. 
Baker  Brown,  G.  H,  Browne,  G.  L.  Bruce,  H.  L. 
Buckman,  J.  Burbridge,  R.  B.  Burrowes,  \V.  Burton, 
P.  H.  C.  Butcher,  W.  M.  H.  Butcher,  A.  S.  Butler, 
J.  H.  Buttress,  L.  C.  Bygrave,  E.  E.  Calvert.  F.  C. 
Campbell.  S.  Carlisle,  W.  B.  H.  Carr.  A.  F.  Carter, 
A.  Castello-Sosa.  J.  E.  Catt,  W.  A.  Chamen,  G.  S. 
Chapman,  H.  C.  Charlton,  C.  B.  Chartres,  F.  G. 
Clark,  R.  L.  Cleaver,  J.  Colquhoun,  N.  J.  Cook.  W.  C. 
Cooke,  A.  Cooper.  G.  P.  Cooper,  F.  Cope,  G.  L.  Coventon, 

A.  W.  Cox.  H.  E.  Cox.  L.  C.  Cox,  S.  Craig.  F.  W.  Crawter, 

B.  Croft,  L.  H.  Crowther,  W.  R.  D.  Crowther.  A,  Cunning- 
ton,  J.  F.  Dale,  I.  S.  Dalgleish,  J.  D.  Dallas,  I.  C.  J. 
Dalton,     D.     P.    Davies,     G.    H.     Davies,     B.     Davis, 

B.  Dennis,  B.  Drew,  G.  L.  Drury,  W.  H.  Duncan, 
H.  Dutton,  P.  C.  Ebner,  Dr.  W.  H.  Eccles,  H.  S.  Edwin, 
L.  H.  Euler,  B.  A.  Evans,  G.  H.  D.  Evans,  T.  K.  Evans, 
S.  Evershed,  C.  D.  Farmer,  L.  G.  Fanner,  A.  H.  Finlay, 
A.  P.  M.  Fleming,  O.B.E.,  G.  H.  Fletcher,  W.  Fletcher, 
H.  S.  Fox,  F.  H.  Francis,  A.  J.  French,  F.  G.  Frost, 
R.  A.  Frost.  J.  G.  Games,  Dr.  C.  C.  Garrard,  Sir  John 
Gavey,  C.B.,  H.  P.  Gaze,  F.  \V.  Geoghegan,  J.  Gibbins, 
H.  W.  Gilbert,  H.  GUI.  V.  W.  GUI,  M.  McA.  GUlespie, 

C.  G.  Glass,  H.  Gobie,  A.  E.  Gott,  E.  H.  Gould,  L.  C. 
Grant.    H.   J.   Grapes.    O.    V.    Greaves,    W.    B.    Green, 

F.  A.  Greene,  R.  E.  Grime,  C.  Grover,  E.  A.  Guthrie, 
H.  J.  Hadrill,  R.  C.  Hall,  C.  E.  Hambleton,  M.  D.  Hartj 
T.  Martin  Harvey,  L.  F.  Haslam,  F.  B.  O.  Hawes, 
W.  J.  Head,  O.  McG.  Henderson,  J.  F.  Herd,  F.  W.  m! 
Herring,  C.  J.  Hickleton,  R.  J.  B.  Hippislev,  H.  Hirst. 
W.  E.  Hobbs,  j.  P.  Hodges,  A.  J.  Hodgson,  W.  T. 
Hodgson,  W.  Hodson,  P.  M.  Hogg,  H.  J.  Holden,  T. 
Hollins,  S.  Holmes,  T.  Holmes,  T.  Hood,  W.  F.'  M. 
Home,  J.  A.  B.  Horsley,  A.  J.  Howard,  E  G.  Humfress, 
R.   W.    Humm,    O.    luman,    Admiral   of   the   Fleet   Sir 


H.  B.  Jackson,  G.C.B.,  H.  H.  Jacques,  C.  James.  S. 
James,  B.  M.  Jenkin,  L.  Jessop,  J.  H.  Johnson,  P.  S. 
John,  C.  Jones,  C.  H.  Jones,  F.  H.  Jones,  1.  Jones, 
M.  Karuven,  R.  Keen,  W.  A.  Ker,  P.  C.  Kerr,  F.  G. 
Ketclbey,  D.  Kingsbury,  J.  E.  Kingsbury,  W.  Kingsland, 
J.  R.  Kingston,  E.  O.  Kirkby,  H.  Kitchen,  M.  Klein, 
G.  H.  Langdon,  J.  L.  Langton,  W.  J.  Larke,  O.B.E., 
F.  A.  Lawson,  W.  Y.  Lee.  A.  Lees,  J.  W.  Lewsley,  E.  W. 
Lewis,  P.  H.  Lissenden,  W.  A.  R.  Long.  R.  P.  Lovell.  A.  C. 
Lowe.  J.  R.  P.  Lunn,  J.  M.  MacaiUay,  A.  McClelland, 
C.  N.  McDermott,  C.  F.  C.  Macfarlane,  J.  C.  Macfarlane, 
Prof.  J.  T.  MacGregor-Morris,  D.  W.  Mclntyre,  R.  S. 
McLeod,  H.  McNaul,  W.  L.  McPherson,  R.  F.  J.  Maid- 
ment.  Sir  H.  Mance,  CLE.,  E.  ManvUle,  P.  M.  Martin, 
T.  H.  Matthews,  J.  M.  S.  Maxwell,  A   E.  May.  J.  Meredith, 

C.  H.  Merz,  P.  Miley,  H.  W.  MUler,  J,  Mirrey,  J.  Mitchell, 
L.  E.  Mold,  E.  J.  Moore,  W.  M.  N.  Morecombe,  R. 
Morley,  E.  R.  Morris,  W.  M.  Morrison,  S.  R.  MuUard, 
M.B.E.,  H.  E.  Munday,  H.  A.  Nevill,  C.  G.  M.  New, 
A.  D.  Newbury,  A.  J.  Newman,  F.  A.  Nicholls,  J.  K.  A 
Nicholson,  H.'ximmo,  H.  A.  Nott,  A.  G.  Nye,  T.  Oli- 
phant,  F.  L.  Otter,  E.  A.  Paris.  G.  R.  J.  Parkinson. 
E.  Parry,  H.  Parry,  H.  Paterson.  J.  V.  Peacock,  S.  L. 
Pearce.  C.B.E.,  A.  C.  Pegg,  G.  K.  Perkins,  F.  H.  Fernet, 
W.  F.  T.  Pinkney,  F.  C.  Porte,  E.  E.  R.  Porter,  L. 
Purves,  G.  S.  Ram,  A.  J.  Ramsay,  H.  A.  Ratcliflf, 
W.  R.  Rawlings.  R.  H.  Redman,  J.  P.  Rees,  S.  K. 
Reeves,  P.  E.  Restrepo,  F.  Richardson,  R.  Rigg,  E.  S. 
Ritter,  D.  E.  Roberts,  George  Robinson,  GranvUle 
Robinson,  J.  H.  Robinson,  W.  M.  Robinson,  H.  Rock\', 
A.  L  Rogers,  G.  D.  Rogers,  G.  Ross,  L.  L.  Ruderman, 
Dr.  A.  Russell,  B.  G.  C.  Russell,  J.  W-  Hyde,  F.  Samuel- 
son,  H.  Savage,  H.  M.  Sayers,  J.  E.  Sayers,  R.  H. 
Schofield,  E.  Seddon,  W.  M.  Selvey,  E.  E.  Sharp.  H. 
Shaw.  J.  Shaw.  W.  Shaw,  W.  Shead,  W.  H.  Shephard, 
J.  E.  Shepherd,  W.  E.  E.  Sich,  N.  S.  Sim,  A.  F.  Skinner, 
J.  W.  Slorach,  J.  H.  Smart,  B.  Smith,  C.  G.  Smith, 
E.  L.  Smith,  G.  Smith,  Prof.  S.  P.  Smith,  D.Sc,  C.  H. 
Smyth,  M.  Solomon,  A.  SommervUle,  J.  H.  Southern, 
T.  Stanley-Thomas,  A.  L.  Stanton,  H.  B.  Stanton, 
T.  F.  Stent,  F.  Stinson,  C.  Stirling,  H.  Stokes,  C.  D. 
Stoneham,  R.  W.  Stubbington,  A.  L.  Tackley,  W.  J. 
Targett,  J.  Taylor,  J.  E.  Tayloi.  F.  J.  Teago,  A.  W. 
Thomas,  J.  Thomas,  T.  Rees-Thomas,  F.  A.  Thompson, 
N.  A.  Thompson,  K.  J.  Thomson,  M.B.E.,  H.  Tinsley. 
J.  Toulmin,  A.  Travers,  H.  W.  Tremayne,  E.  J.  Turnbull, 

D.  J.  Unwin,  C.  J.  Vaughan,  B  J.  Vine,  O.  V.  Wadding- 
ton,  H.  Walker,  C.  S.  Wallbridge,  T.  C.  T.  Walrond, 
W.  G.  Walter,  E.  J.  Ward.  S.  H.  C.  W^ebster.  W.  Weir, 

E.  J.  Wells,  D.  Welsford,  H.  D.  WUkinson,  J.  W. 
Wilkinson,  J  W.  Williams.  A.  D.  Williamson.  E. 
WiUiamson,  Prof.  E.  WUson.  J.  P.  Winn,  K.  L. 
Wood,  C.  H.  Wordingham,  C.B.E. ,  H.  G.  Wright,  J. 
E.  Wright,  Colonel  Commanding,  Oflicers  and  Men 
of   Royal   Engineers   Volunteers    (per   Sir   J.    Snell). 
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Arrangements  for   April  and   May,   1920. 

ORDINARY   MEETINGS   OF   THE    INSTITUTION. 
{Thursdays.) 

[To  be  held  at  the  Institution  of  Ci\'il  Engineers,  Great 
■George-street,  Westminster,  S.W.,  at  6  p.m.  (light  refresh- 
ments 5.30  p.m.).] 

Date.  Author  and  Title  of  Paper. 

1920 
15  Apr.     C.  V.  Drysdale,  O.B.E.,  D.Sc.  :  "  Modern  Marine 

Problems  "  (Eleventh  Kelvin  Lecture). 
29  Apr.     A.  E.  McCoLL  :  "  Automatic  Protective  Devices  for 

Alternating-current  Systems." 
13  Jlay     S.  EvERSHED  :    "  Permanent   Magnets,  in  Theory 

and  Practice." 
20  May      Annual  General  Meeting. 

INFORMAL  MEETING. 

(Monday.) 

[To  be  held  in  the  Lecture-hall  of  the  Chartered  Institute 
of  Patent  Agents,  Staple  Inn  Buildings  (South  Block),  W.C., 
at  7  p.m.] 

1920 

ig  Apr.      G.  H.  Ayres  :  "  Group  versus  Individual  Driving." 


MEETINGS   OF   TERRITORIAL   CENTRES 
AND    SUB-CENTRES. 


Place  of 
Meeting. 


Date. 
1920 

12  Apr.      Cardiff 


Author  and  Title  0/  Paper. 

Bacon  :       "  Thermionic 


Prof.      F. 
Valves." 
ilanchester     Annual  General  Meeting  and  Smoking 

Concert. 
Glasgow  J.  M.  M.  Munro  :   "  Highland  Water 

Power." 
14  Apr.      Birmingham  Discussion  on  "  Faults  and  Troubles 
in  Electric  Apparatus  and   Instal- 
lations." 

Annual  General  Meeting  of  Liverpool 
Sub-Centre. 

C.  V.  Drysdale,  O.B.E.,  D.Sc.  : 
"  Modern  Marine  Problems  " 
(Eleventh  Kelvin  Lecture). 

Annual  General  Meeting. 

Major  T.  Rich,  O.B.E.  :  "  Electricity 
in  the  Western  War  Zone." 

Major  K.  Edgcumbe,  R.E.  (T.)  : 
"  The  Protection  of  Alternating- 
current  Distribution  Sj'stems 
without  the  use  of  Special  Con- 
ductors." 
20  Apr.  JIanchester  C.  V.  Drysdale,  O.B.E. ,  D.Sc.  : 
"  Modern  Marine  Problems  " 
(Eleventh  ^elvin  Lecture). 

( 


13  Apr. 
1 3  Apr. 


19  Apr.      Liverpool 

19  Apr.     Newcastle 

20  Apr.      Leeds 


Date. 

1920 

21  Apr. 


3  Jlay 
II  May 


Date. 
1920 

,12  Apr. 


16  Apr. 

30  Apr. 
14  May 


Date. 
1920 

23  Apr. 
—  May 


Place  of 

Meetir?g. 


A  iithor  and  Title  of  Paper. 


23  Apr.     Newcastle 


30  Apr.      Dundee 


Swansea 
Leeds 


Birmingham  C.  V.  Drysdale,  O.B.E.,  D.Sc.  : 
"  Modern  Marine  Problems  " 
(Eleventh  Kelvin  Lecture). 

C.  V.  Drysd.\le,  O.B.E.,  D.Sc.  : 
"  Modern  Marine  Problems  " 
(Eleventh  Kelvin  Lecture). 

L.  Milne  :  "  The  Electrical  Equip- 
ment of  Artisan  DwelUngs." 

(To  be  announced  later.) 

Annual  General  Meeting. 

Discussion  on  :  (a)  "  The  Electrical 
Equipment  of  Artisan  Dwellings  " 
(with  an  Introductory  Paper  by 
Mr.  L.  Milne)  ;  (6)  The  Report 
of  the  Earthing  Sub-Committee 
of  the  Wiring  Rules  Committee. 

STUDENTS'    SECTION. 
Meetings. 
Author  and  Title  of  Paper. 

Joint  Discussion  with  the  Graduates  Association 
of  the  Institution  of  Mechanical  Engineers  on 
"  The  Six-hour  Working  Day,  and  its  effect  on 
Industry."  (At  the  Institution  of  Mechanical 
Engineers,  Storey's  Gate,  St.  James's  Park,  S.W., 
8  p.m.) 

J.  Scott-Taggart,  M.C.  :  "  The  Vacuum  Tube  as 
•  a  Transmitter  and  Receiver  of  Continuous 
Waves."  (At  Faraday  House,  Southampton 
Row,   W.C.,  7  p.m.). 

J.  E.  Holmstrom  :  "  Tidal  Power."  (At  the  City 
and  Guilds  Technical  College,  Leonard-street, 
Finsbury,  E.C.,  7  p.m.) 

E.  G.  HuMFRESs  :  "  Electrical  Motor  Control 
Devices."  Annual  General  Meeting.  (Place  of 
Meeting  to  be  announced  later.) 

Visits  to  Works. 
Time.  Works  to  be    Visited. 


2  p.m. 
2  p.m. 


Imperial  Paper  Mills,  Gravesend. 
L.B.    &   S.C.R.    Locomotive   Works, 
Brighton  and  Lancing. 


The  above  visits,  for  which  tickets  of  admission  are 

I    necessary,  are  open  to  Students  of  the  Institution,  and 

those  wishing  to  attend  should  notify  Mr.  H.  T.  Body, 

54    Chadwick-road,    Leytonstone,    E.    11,    at    least    10 

days   before    each   visit.     In    some    cases    the    number 

I    forming  the  party  is  limited  by  the  authorities  of  the 

^    works  to  be  visited,  and  on  these  occasions  the  Committee 

will  decide  by  ballot  or  otherwise  which  Students  may 

;   attend. 
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Council  Nominations  for  Election  to  the 
Council. 

The  following  have  been  nominated  by  the 
Council  for  the  vacancies  which  will  occur  in 
the  offices  of  President,  Vice-Presidents,  Hon- 
orary Treasurer,  and  Ordinary  Members  of 
Council  on  the  30th  September,  1920  : — 

president.     {One   Vacancy.) 
\jL.  B.  Atkinson. 

W(CC=IPrC6iCient3.     (Three   Vacancies.) 

Dr.  W.  H.  Eccles.  J.  S.  Highfield. 

S.  L.   Pearce,  C.B.E. 

Ujonorai'B  ITveasurer.     [One  Vacancy.) 
Sir  J.  Devonshire,   K.B.F.. 

©rJiinatfi  /iftembcrs  of  Council. 

Members.     [Six   Vacancies.) 

F.  Gill,  O.B.E.  A.  P.  Pyne. 

P.  V.  Hunter,  C.B.E.  Dr.  A.  Russell. 

J.  F.  Nielson.  F.  Ryan. 

W.  Noble.  W.  6.  Smith. 

Students'  Premiums  and  Prizes. 

In  place  of  one  Premium  of  £10  and  several 
of  £5  hitherto  awarded  each  Session  for  papers 
read  before  the  Students'  Sections,  the  Council 
have  decided  to  award  in  future  three  Premiums 
of  the  value  of  £15  each. 

The  Council  have  also  accepted  an  offer  from 
the  British  Electrical  and  Allied  Manufacturers' 
Association  of  prizes  of  £10  each  (up  to  a  total 
value  of  £100  for  the  first  year)  for  the  best 
papers  by  Students  of  the  Institution  on  elec- 
trical subjects,  suitable  for  publication  in  the 
B.E.A.M.A.  Journal.  The  method  of  award  is 
as  follows  : — 

(a)  For  papers  read  at  Students'  Meetings. 

At  the  end  of  the  Session  the  Papers  Committee  will 
recommend  for  publication  in  the  B.E.A.M.A.  Journal 
the  most  meritorious  among  the  Students'  papers  which 
have  not  been  awarded  premiums  by  the  Institution. 

(6)  For  papers  not  read  at  Students'  Meetings  but 
offered  direct  for  publication  in  the  B.E.A.M.A.  Journal. 

These  papers  must  be  sent  to  the  Honorary  Secretaries 
of  the  Students'  Sections  for  transmission  to  the  Secre- 
tary of  the  Institution,  who  will  submit  them  to  the 
Papers  Committee.  This  Committee  wUl  recommend 
whether  they  should  be  published  or  not  in  the 
B.E.A.M.A.  Journal.  The  fact  of  a  paper  being  pub- 
lished in  the  B.E.A.M.A.  Journal  will  not  preclude  it 
from  being  read  and  discussed  at  a  Students'  Meeting. 


Informal  Meetings. 

The  tenth  Informal  Meeting  was  held  on 
Monday,  ist  March,  1920,  at  7  p.m.,  at  the 
Chartered  Institute  of  Patent  Agents,  Staple 
Inn  Buildings,  W.C,  Mr.  G.  C.  Law  in  the 
chair. 

Mr.  R.  E.  Dickinson  opened  a  discussion  on 
"  The  Future  of  Labour  in  the  Engineering 
Industry  "  in  which  the  following  took  part  : 
Dr.  R.  D.  Gifford,  Messrs.  R.  Rankin,  J.  W. 
Beck,  W.  J.  Oswald,  W.  E.  Warrilow,  S.  M. 
HiUs,  A.  B.  Eason,  M.  D.  Hart,  A.  G.  Hilling, 
W.  J.  Ricketts,  A.  Murdoch,  and  G.  C.  Law. 

The  eleventh  Informal  Meeting  was  held  on 
Monday,  15th  March,  1920,  at  7  p.m.,  at  the 
Chartered  Institute  of  Patent  Agents,  Staple 
Inn  Buildings,  W.C,  Mr.  W.  L.  Wreford  in  the 
chair. 

A  discussion  on  "  Industrial  Electric  Heat- 
ing," with  an  introductory  paper  by  Messrs. 
J.  W.  Beau  champ  and  S.  M.  Hills,  was  opened 
by  the  latter.  The  following  took  part  in  the 
discussion  :  Dr.  R.  D.  Gifford,  Major  R.  Grier- 
son,  Messrs.  E.  P.  Barfield,  G.  H.  Ayres,  W.  J. 
Oswald,  R.  E.  Dickinson,  W.  E.  Rogers,  J.  C. 
Rennie,  F.  W.  Adcock,  V.  O.  Haddock,  W.  E. 
Warrilow,  H.  P.  Gaze,  F.  Harmer,  A.  G. 
Whyte,  H.  Craske  and  F.  Pooley.  Mr.  J.  W. 
Beauchamp  replied  to  the  points  raised  hy 
the  speakers. 

Benevolent  Fund. 

Donations  from  the  following  were  reported 
by  the  President  at  the  Ordinarj^  Meeting  held 
on  the  nth  March  last : 

A.  G.  Akehurst,  J.  W.  Alexander,  G.  A.  Allan,  G.  Allom, 
C.  Allsop,  R.  Anderson,  L.  Andrews,  A.  N.  Arman,  J.  W. 
Arthur,  C.  C.  Atchison,  H.  S.  E.  Austin,  J.  F.  Avila,  H.  J. 
Aylott,  C.  J.  Baker,  G.  H.  Baker,  C.  M.  Ballard.  A.  S. 
Barnes,  S.  Beeton,  C.  H.  Bennett,  J.  F.  M.  Bennett, 
H.  Birch,  E.  J.  Black,  R.  S.  C.  Blance,  R.  F.  P.  Blenner- 
hassett,  C.  W.  BoxaU,  H.  R.  Broadbent,  W.  Briggs, 
R.  P.  Brousson,  C.  F.  Browne,  A.  E.  Brookes,  W.  H. 
Brownjohn,  R.  H.  Bryans,  F.  La  T.  Budgett,  H.  S. 
BuUey,  W.  E.  Burnand,  J.  Burns,  A.  C.  Campbell, 
F.  W.  Capper,  J.  H.  Carrick,  A.  F.  Carter,  H.  J.  Cash, 
W.  Casson,  H.  C.  Channon,  D.  S.  Charles,  R.  A.  Chattock, 
A.  R.  Chaytor,  E.  V.  Cheney,  B.  G.  Churcher,  City  of 
Glasgow  Royal  Engineers  Volunteers  (per  Major  E.  T. 
Goslin),  R.  C.  L.'ciark,  J.  C.  Clarke,  B.  C.  Clayton,  W.  C. 
Clinton,  H.  W.  Clothier,  G.  D.  Coe,  R.  T.  Coe,  F.  G. 
Cole,  A.  Collins,  J.  B.  Colquhoun,  A.  D.  Constable.  R. 
Cook,  W.  K.  Cook,  J.  R.  Cowie,  A.  W.  Cox,  Hon.  E.  H. 
Cozens-Hardy,  Captain  E.  W.  Creak,  C.B.,  F.R.S.,  C. 
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Crompton,  F.  R.  Davenport,  J.  F.  Davie,  B.  Davies, 
F.  E.  Davies,  J.  Davies,  A.  Davy,  D.  S.  Dearden,  Sir  A. 
Denny,  Bart.,  Sir  J.  Devonshire,  K.B.E.,  E.W.  Dickinson, 
T.   J.  Digby,  H.  Diggle,  W.  E.  Doran,  H.   M.  Dowsett, 

B.  M.  Drake,  J.  D.  Drurj-,  C.  V.  Drysdale,  D.Sc,  Major 
K.  Edgcumbe,  H.  J.  Eley,  C.  J.  A.  Ellis,  F.  E.  Elmore, 

F.  T.  C.  Emberton,  C.  W.  Emanuel,  A.  G.  Everett,  E. 
Fawsett,  S.  E.  Fedden,  A.  B.  Field,  C.  E.  Field,  J.  H. 
Field,  A.  J.  Fippard,  R.  G.  Fleming,  W.  S.  Flight,  Prof. 

C.  L.  Fortescue,  M.  W.  Foulkes-Roberts,  G.  R.  H.  Frith, 
E.  C.  Fry,  A.  Fuchs,  E.  Garcke,  W.  H.  Gatley,  J.  Ge!l, 

D.  C.  Gerrard,  H.  E.  Gibbard,  H.  J.  Gibson,  F.  Gill, 
Sir  R.  T.  Glazebrook,  K.C.B.,  F.R.S.,  G.  F.  C.  Gordon, 
W.  F.  Gordon-Campbell,  J.  R.  W.  Grainge,  H.  W. 
Gregorj',  F.  Y.  Grepe,  ^^'.  G.  Griffith,  L.  Griffiths, 
W.  H.  F.  Griffiths,  F.  E.  Gripper,  C.  W.  Gwyther,  D.  K. 
Hall,  W.  Hall,  E.  Halton,  A.  S.  Hampton,  P.  H.  Hard- 
ing, G.  H.  Hardwick,  R.  Hardy,  L.  S.  Harley,  N.  E.  P. 
Harris,  P.  Harris,  A.  J.  Harrison,  H.  T.  Harrison,  A.  W. 
Harrold,  F.  de  B.  Hart,  F.  N.  Haward,  J.  R.  Hawes, 
C.  C.  Hawkins,  C.  E.  Hawkins,  W.  C.  C.  Hawtayne, 
K.  Hedges,  D.  Henriques,  F.  W.  Highfield,  J.  S.  Highfield, 
L.  B.  Hobgen,  C.  C.  Hodges,  W.  A.  Hole,  R.  HoUand- 
Pryor,  A.  S.  HolUn,  H.  C.  Hobroj-d,  A.  Howard.  F. 
Howard,  J.  Hunter-Gray,  C.  G.  Huntley,  E.  S.  Jacob, 

E.  W.  James,  W.  L.  James,  F.  K.  Jewson,  Dr.  G.  Kapp, 
A.  C.  Kellj',  J.  C.  Kelso,  Sir  A.  B.  W.  Kennedy,  F.R.S., 
W.  T.  Kerr,  W.  E.  Kidner,  C.  S.  Kieran,  H.  Kingsburj^ 
P.  P.  Kipping,  V.  R.  Krohn,  J.  W.  Laing,  W.  E.  Lane, 
T.  Langlois,  K.  E.  Latimer,  M.  Le  Clezio,  A.  H.  Leeves, 

E.  Lerpiniere,  A.  E.  Levin,  H.  J.  Lewis,  H.  R.  Lloyd,  J. 
Longbottom,  O.  D.  Lucas,  W.  T.  MacCaU,  G.  M.  MacQ- 
wraith,  D.  A.  McLean,  A.  W.  R.  Macpherson,  Prof.  E.  W. 
Marchant,  W.  J.  Marston,  J.  Martin,  T.  D.  Martin, 
T.  X.  Martin.  V.  Martin,  S.  W.  Melsom,  \V.  G.  Messer, 
Midland  Electrical  Engineers'  Ball  Committee  (per  G.  J. 
Bish),  L.  B.  MiUer,  T.  H.  Minshall,  A.  P.  Mitchell,  A.  T.  K. 
Moir,  H.  T.  Moody,  W.  M.  Mordey,  W.  C.  Mountain, 

G.  Murray,  E.  J.  Nichols,  J.  F.  Nielson,  H.  W.  Nimmo, 
A.  M.  Niven,  C.  G.  Nobbs,  A.  C.  Norman,  R.  J.  O'Brien- 
Owen,  Sir  A.  M.  J.  Ogilvie,  K.B.E.,  C.B.,  C.  Oliver, 
V.  F.  M.  Oliver,  Lt.-Col.  W.  A.  J.  O'Meara,  C.M.G.,  A. 
Page,  F.  T.  Parker,  E.  J.  ParnaU,  A.  D.  C.  Parsons, 
W.  H.  Patchell,  W.  Pate,  Com.  Q.  H.  Paterson,  D.S.C., 
R.N.,  E.  R.  Patrick,  B.  Paul,  F.  G.  Payne,  D.S.O.,  J.  V. 
Payne,  J.  D.  Peattie.  W.  O.  Pepper,  H.  L.  Percy,  L.  W. 
PhilUps,  J.  W.  Piggott,  D.  F.  PUkington,  H.  V.  Pointon, 
A.  H.  Preece,  N.  Prentice,  H.  F.  Proctor,  J.  R.  Protheroe, 
A.  P.  P\Tie,  R.  H.  RawU,  J.  H.  Reyner,  T.  Rich.  H. 
J.  W.  Ridley,  H.  R.  Rivers-Moore,  P.  R.  Rice,  C.  G. 
Richards.  R.  Robertson,  B.  A.  Robinson,  P.  Rocks,  \V.  R. 
Rogers,  S  R.  Roget,  T.  Roles,  P.  Rosling,  G.  L.  Rosser, 
A.  H.  Rowles,  S.  A.  Russell,  H.  E.  Sancto,  H.  R.  Sanders, 
R.  H.  Saul,  H.  S.  Saunders,  J.  Sayers,  F.  H.  Schroeder, 
W.  H.  Scott,  S.  Sharp,  H.  C.  Shepherd,  G.  H.  Short- 
ridge,  A.  Siemens,  F.  A.  Simpson,  H.  A.  Skelton,  Sir 
W.  Shngo,  A.  R.  Smith,  J.  A.  Smith,  Sir  J.  Snell,  J.  B. 
SneU,  N.  V.  Snipe,   B.   SnowbaU,    C.    E.    Spring^guth, 

F.  H.  Starling,  W.  H.  Steele,  J.  H.  Stephens,  A.  C. 
Stewart,  C.  Stewart,  W.  C.  Stewart,  F.  P.  O.  Strange, 
Rev.  R.  H.  StreatfeUd,  Prof.  H.  Stroud,  D.Sc,  W.  S. 
Stuart,  A.  J.  Stubbs,  H.  S.  Styan,  H.  W.  Sullivan,  J.  H. 
Targett,  E.  E.  Tasker,  G.  Taylor,  J.  R.  Thavenot,  L. 


Thomas,  F.  Thompson,  B.  Thomsett,  J.  S.  Thomson, 
C.  H.  R.  Thorn,  R.  G.  Torry,  U.  H.  Tovey,  R.  D.  Trevor- 
Roper,  A.  P.  Trotter,  E.  Turner,  J.  W.  Turner,  G.  K. 
Tweedy,  D.  J.  Unwin,  J.  H.  Valentine,  H.  C.  Vereker, 
C.  Vernier,  Lt.-Col.  W.  A.  Vignoles,  D.S.O.,  E.  Walker, 
H  B  Walker,  J.  Walker,  Prof.  Miles  Walker,  D.Sc, 
F.  Wardrobe,  C.  E.  \^"amer,  A.  Warwick,  C.  T.  Water- 
house,  F.  Waters,  E.  C.  Watson,  R.  W.  Weekes,  C.  G 
Westerhout,  -J.  W.  WTieeler,  H.  WheweU,  E.  A.  Wil- 
braham,  H.  Williams,  N.  J.  Wilson,  W.  Wilson,  A.  N.  G. 
Wood,  W.  J.  H.  Wood,  W.  B.  Woodhouse,  J.  H.  \\'ood- 
ward,  J.  H.  WooUiscroft,  W.  A.  Wordley,  E.  L.  Wright, 
W.  R.  W5'nne,  H.  E.  Yerbury,  and  H.  W.  Young. 


Accessions  to  the  Lending-  Library. 

Best,   W.  N.     The  science  of  burning  liquid  fuel. 

8vo.     159  pp.      London,  1913 
CouRSEY,  P.   R.     Telephony  without  wires. 

8vo.     433  pp.     London,  1919 
Dick,  J.  R.,  and  Ferxie,  F.     Electric  mains  and  dis- 
tributing S}'stems. 

2nd  ed.     8vo.     476  pp.     London,  1919 
Fleming,  J.  A.,  D.Sc,  F.R.S.    The  principles  of  electric 
wave  telegraphy  and  telephony. 

4th  ed.     8vo.     722  pp.     London,  1919 

The  propagation  of  electric  currents  in  telephone 

and  telegraph  conductors. 

3rd  ed.     8vo.     384  pp.     London,  1919 

The  thermionic  valve  and   its  developments  in 

radiotelegraph  y  and  telephony. 

Svo.     294  pp.     London,  1919 
Gerhardi,   C.   H.  W.     Electricity  meters.     Their  con- 
struction and  management. 

2nd  ed.     Svo.     524  pp.     London,  1917 
Hill,  J.  G.     Telephonic  transmission  :    theoretical  and 
applied.  8vo.     414  pp.     London,  1920 

Kapp,  G.  The  principles  of  electrical  engineering  and 
their  application.  2  vol.  (i.  Principles.  2,  Ap- 
plication.) Svo.  London,  igi6-i9- 
Kennedy,  W.  S.  General  conditions  in  electrical  and 
other  engineering  contracts.  With  an  introduction 
by  Sir  A.  B.  W.  Kermedy. 

la.  Svo.     120  pp.     London,  1920 
Rankin,    R.     Storage    battery    practice.     A    practical 
handbook   on   the  manufacture  and   properties  of 
electric    accvimulators    and    their    installation    and 
operation.  Svo.     176  pp.     London,  [1919] 

Shore,  A.  Alternating  current  work.  An  outline  for 
students  of  wireless  telegraphy. 

sm.  Svo.     172  pp.     London,  1919 

Stanley,  R.     Text-book  on  wireless  telegraphy.     New 

ed.      2    vol.  Svo.     London,  1919 

1,  General  theory  and  practice. 

2,  Valves  and  valve  apparatus. 

Still,  A.  Electric  power  transmission.  Principles 
and  calculations.  Including  a  revision  of  "  Over- 
head electric  power  transmission." 

2nd  ed.     Svo.     425  pp.     New  York,  1919 

Principles  of  transformer  design. 

Svo.     228  pp.     New  York,  1919 
Walker,  S.  F.     Electric  mining  machinery. 

Svo.     387  pp.     London,  [1919] 
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Accessions  to  the  Reference  Library. 

American  Institute  of  Electrical  Engineers,  The. 

Standardization    rules.     Approved    by    the    Board 

of  Directors.     Nov.  8,   1918. 

8vo.     133  pp.     New  York,  1918 
Blake,  E.     Selected  studies  in  elementary  physics  :    a 

handbook  for  the  wireless  student  and  amateur. 

Svo.     1S4  pp.    •London,  iq2o 
Blizard,  J.,  and  Malloch,  E.  S.     Results  of  forty-one 

steaming  tests  conducted  at  the  Fuel  Testing  Station, 

Ottawa.    [Canada  :   Dept.  of  Mines  :  Mines  Branch, 

Bulletin  no.  27]. 

Svo.     S3  pp.     Ottawa,  1920 
Blythe,    E.     a    text    book   on    machine    drawing    for 

electrical  engineers.     Forming  an  introductory  treat- 
ise on  the  construction  of  electrical  machinery  and 

apparatus.  obi.  fol.     88  pp.     Cambridge,  1920 

British    Electrical    and    Allied    Manufacturers' 

Association    (Incorp.).     Education    and    training 

for  the  electrical  and  allied  engineering  industries. 

Being  a  Report  of  the  Education  Committee  of  the 

B.E.A.M.A.  sm.  Svo.     64  pp.     London,  1920 

DowsETT,  H.  M.     Wireless  telegraphy  and  telephony  : 

first  principles,  present  practice  and  testing. 

Svo.     362  pp.     London,  1920 
Electricity     (Supply)     Act,     1919.     [9  &  10  Geo.  5, 

Ch.  100.]  la.  Svo.     34  pp.     [London,  1920] 

Fleming,  J.  A.,  D.Sc,  F.R.S.  The  propagation  of  electric 

currents   in   telephone    and   telegraph    conductors. 

3rd  ed.  Svo.     384  pp.     London,  1919 

Hill,  J.  G.     Telephonic  transmission  :    theoretical  and 

applied.  Svo.     414  pp.     London,  1920 

Hydro-Electric     Power    Commission    of    Ontario. 

Rules  and  specifications  for  test  and  approval  of 

electrical  material,  devices  and  fittings  for  use  or 

sale  in  the  Province  of  Ontario. 

Svo.     several  pagin.,  II. p.  [1919] 
Martin,  M.  J.     Wireless  transmission  of  photographs. 

2nd  ed.  Svo.     15S  pp.     London,  1919 

Practical  Electrician's,  The,  pocket  book  for  1920. 

Edited  by  H.  T.  Crewe. 

sm.  Svo.     572  pp.     London,  1920 
Practical  Engineer,  The,  electrical  pocket  book  and 

diary    for    1920    (with    buyers'    guide   in    French, 

Spanish  and  Russian).     21st  year. 

sm.  Svo.     755  pp.     London,  1920 
Practical  Engineer,  The,  mechanical  pocket  book  and 

diary    for    1920    (with    buyers'    guide    in    French, 

Spanish  and  Russian). 

32nd  issue,     sm.  Svo.     779  pp.     London,  1920 
SoLERi,    E.     Le    centrali    elettriche    degli    stati    uniti 

d'America.  Svo.     174  pp.     Roma,  1906 


Stanley,  R.  Text-book  on  wireless  telegraphy.  New 
ed.     2  vol.  Svo.     London,  1919 

1,  General  theory  and  practice. 

2,  Valves  and  valve  apparatus. 

Stierstorfer,  p.  Projektierung  elektrischcr  Licht- 
und  Ivraftiibertragungsanlagen  mit  Beitragen  her- 
vorragender    Fachmanner. 

Svo.     294  pp.     Potsdam,  [1905] 
Still,  A.     Principles  of  transformer  design. 

Svo.     223  pp.     New  York,  1919 
Swyngedauw,  E.     La  transmission  electrique  de  I'ener- 
gie  dans  les  pays  industriels  de  houille  noire. 

Svo.     146  pp.     Paris,  [1904] 
Teufelhart,    J.    N.     Der    Fingersatz    beim    Hughes- 
Apparatc.     (Hughes-Schule).     2e   Aufl. 

Svo.     64  pp.     Leipzig,  [18S9] 

Trudelle,  V.     I,a  lumiere  electrique  et  ses  differentes 

applications    an     theatre.     Installation     et    entre- 

tien.  Svo.     301  pp.     Paris,  1914 

Ugrimoff,    B.    von.       Die    unipolare    Gleichstromma- 

schine.    Dissertation  zur  Erlangung  der  Wiirde  eines 

Doktor-Ingenieurs.  Svo.     98  pp.     Berlin,  1910 

Wade,    C.    F.      Efficient    boiler    management.       With 

notes  on  the  operation  of  reheating  furnaces. 

Svo.     2S0  pp.     London,  1919 
W..\LKER,   S.   F.     Electric  mining  macliinery. 

Svo.     3S7  pp.     London,  [1919] 
W^almsley,   R.  M.     Electricity  in  the  service  of  man. 
vol.  2,  Technology  of  electricity,  section  ii. 

Svo.     725  pp.     London,  1919 

Winkelmann,  W.     Gleichstromerzeuger  und  -IMotoren. 

Hire   Wirkungsweise,    Berechnung    und    Konstruk- 

tion.  Svo.     132  pp.     Hannover,  1905' 

Synchronmaschinen  fiir  Wechsel-  und  Drehstrom. 

ihre    Wirkungsweise,    Berechnung    und    Konstruk- 
tion.  Svo.     156  pp.     Hannover,  1905 

Young,  A.  P.  Magnetos.  The  theory  and  practice 
of  magneto  ignition  for'  all  forms  of  internal  com- 
bustion engines,  sm.  Svo.  200  pp.  London  [1910] 
Zach.\rias,  J.  Die  wirklichen  Grundlagen  der  elek- 
trischen  Erscheinungen.  Aufklarungen  fiber  den 
magnetismus  durch  neue  Versuche. 

Svo.     208  pp.     Berlin,  [1906] 
Zacon,  L.     Expose  theorique  et  pratique  de  I'electricit^ 
industrielle.     Dangers    des   courants    electriques. 

Svo.     211  pp.     Paris,  1907 
Zahikjanz,    G.     Die    Theorie,    Berechnung    und    Kon- 
struktion  der  Dampfturbinen. 

Svo.     179  pp.     Berlin,  1906 
ZsAKULA,    M.     T.      Wechselstromtechnik.      4    Band[e]. 

■     sm.  Svo.     Wien,  1904 

1,  Der  einphasige  Wechselstroni. 

2,  Mehrphasige  Wechsel^trome  und  Wechselstromsysteme. 
3   Wechselstromgeneratoren, 

4,  Wecbselstromtransformatoren  und  Wechselstromraotoren, 


THE    INSTITUTION 
OF    ELECTRICAL    ENGINEERS. 


No. 


Al'RIL     1920. 


INSTITUTION     NOTES. 


riSSUED   WITH    Xo.  290 
L  OF   THE  JOURNAL, 


] 


Arrangements  for  May  and  June,  1920. 

ORDINARY   MEETINGS   OF   THE    INSTITUTION. 

[At  6  p.m.  (light  refreshments  5.30  p.m.)] 
Annual  General  Meeting  5.30  p.m.  (Ught  refreshments  5  p.m.) 

Date.  A  uthor  and  Title  of  Paper. 

1920. 
Thursdays,   at   the   Institution  of  Civil   Engineers,   Great 
George-street,  Westminster. 
13  May      S.  E\^RSHED  :    "  Permanent  Magnets,   in  Theory 

and  Practice." 
20  May      Annual  General  Meeting  fat  5.30  p.m.). 
-  Wednesdays,  at  the  Institution  of  Mechanical  Engineers, 
Storey's  Gate,  Westminster. 
16  June     Discussion  on  the  following: 

Paper  read  before  the  Royal  Society  of  Arts  by 
Sir  DuGALD  Clerk,  K.B.E.,  D.Sc,  F.R.S., 
entitled  "  Distribution  of  Heat,  Light  and 
Motive  Power  by  Gas  and  Electricity." 
"  The  Report  on  the  Coal-Gas  and  Electrical 
Supply  Industries  of  the  United  Ivingdom  to  the 
President  of  the  Institution  of  Gas  Engineers," 
by  Sir  Dug.\i.d  Clerk,  K:B.E..  D.Sc,  F.R.S., 
Professor  Arthur  Smithells,  C.M.G.,  F.R.S., 
and  Professor  J.  W.  Cobb,  CB.E.,  B.Sc. 
30  June  P.  D.\wsoN  :  "  Overhead  and  Live-rail  Conductor 
Systems." 

WIRELESS   SECTIONAL   MEETING. 
1920. 

Wednesday,    at   the    Institution   of   Mechanical   Engineers, 
Storey's   Gate,  Westminster,   S.W.,  at   6  p.m. 
(light  refreshments  5.30  p.m.). 
<)  June     M.  Latour  :  "  High-frequency  Machines." 

MEETINGS   OF   TERRITORIAL   CENTRES. 


Author  and  Title  of  Paper. 

C.     V.     Drysdale,     O.B.E..     D.Sc.  : 
"  Modern     Marine     Problems  " 
(Eleventh  Kelvin  Lecture). 

Annual  General  Meeting. 

L.  Milne  :    "  The  Electrical  Equip- 
ment of  Artisan  Dwellings." 
Summer  Outing  of  Scottish  Centre. 


Place  of 

Date. 

Meeting. 

1920. 

3  Way 

Swansea 

1 1  May      Leeds 


9-12 
June 


Date. 

1920. 

14  May 


Kinloch- 
leven 


STUDENTS'    SECTION. 

Author  and  Title  of  Paper. 

Annual  General  Meeting. 

E.    G.     HuMFRESS-:     "  Electrical    Motor    Control 
Devices."     (At  King's  College,  Strand.  W.C.) 


Annual  General  Meeting-,  20  May,  1920. 

The  Annual  General  Meeting  of  the  Institution 
(Members,  Associate  Members,  and  Associates 
only)  will  be  held  at  the  Institution  of  Civil 
Engineers,  Great  George-street,  Westminster, 
S.W.,  on  Thursday,  20th  May,  1920,  at  5.30  p.m., 
to  receive  and  consider  the  Annual  Report  of 
the  Council  and  the  Accounts  for  the  j^ear 
ended  31st  December,  1919,  and  to  elect 
Auditors. 

The  Report  and  Accounts  will  be  found  on 
pages  308-324  of  the  present  Number  of  the 
Journal  (No.  290). 

Nominations  for  Election  to  tlie  Council. 

In  addition  to  those  members  nominated  by 
the  Council  (see  Institution  Notes,  No.  19, 
page  14)  the  following  have  been  nominated 
fey  the  vacancies  which  will  occur  in  the  Council 
on  the  30th  September  ne.xt  : — 

As  Ordinwrv  Members  of  Couxcil. 

R.  F.  Ferguson  :  (Xoniinated  by  Messrs.  H.  Bell,  O.B.E., 
C.  A.  Blascheck,  J.  K.  Brydges,  J.  Christie,  T. 
Hesketh,  E.  W.  Lancaster,  A.  H.  Shaw,  C.  B. 
Smith,  C.  H.  Smyth,  W.  B.  Thorpe  and  R.  N. 
Torpy.) 

A.  H.  \V.  Marshall  :  {Nominated  by  Messrs.  J.  A. 
Anderson,  E.  Cox-Walker,  J.  H.  Holmes,  J.  Leggat, 
J.  R.  P.  Lunn,  W.  McLellan.  J.  Pigg,  S.  G.  Redman, 
OB  E.,  R.  P.  Sloan,  C.B.E.,  J.  W.  Spark,  P.  S. 
Thompson,  C.  Vernier  and  J.  Wright.) 

C.  Vernier  :  {Abominated  by  Messrs.  E.  G.  C.  Bald- 
win, J.  R.  Blaikie,  E.  W.  Dickinson,  R.  D.  Fair- 
clough,  E.  Fawssett,  F.  T.  Hall,  T.  L.  Horn. 
H.  C.  Lamb,  A.  H.  \V.  Marshall,  C.  D.  Taite,  A.  M. 
Taylor,  W^  M.  Thornton,  O.B.E.,  D.Sc,  C.  Tum- 
buil,  P.  P.  Wheelwright  and  J.  C.  W'igham.) 

Mr.  Addenbrooke's  Lectures  on  Dielectrics. 

]\Ir.  Addenbrooke's  lectures  on  "  Dielectrics 
in  Electric  Fields,"  which  were  given  before 
the  Institution  last  year  (20th  February,  6th 
and  13th  March),  will  be  published  in  book 
form  by  Messrs.  Constable  &  Co.  in  the  early 
autumn. 
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An  epitome  of  the  lectures  will  be  found  in 
the  Institution  Journal  {Institution  Notes,  No. 
10,  January  1919,  page  13). 

"Wireless  Section. 

The  following  Rules  were  approved  by  the 
Council  at  a  meeting  held  on  the  15th  April, 
1920  : 

Wireless  Section. 

1.  For  the  purpose  of  ascertaining  which  members 
of  the  Institution  shall  be  deemed  to  be  members  of 
the  Wireless  Section,  a  circular  shall  be  sent  to  each  mem- 
ber of  the  Institution  in  the  United  Kingdom,  and  to 
each  member  in  the  United  Kingdom  who  may  be 
elected  in  the  future,  inquiring  whether — 

"  he  is  actively  engaged  in  the  study,  design, 
manufacture,  or  operation  of  Wireless  or  High- 
Frequency   Engineering   Apparatus." 

Members  replying  in  the  affirmative  and  otherwise 
entitled  to  the  privileges  of  membership  of  the  Institu- 
tion shall  be  deemed  to  be  members  of  the  Section. 

Wireless  Committee. 

2.  The  Committee  shall  be  constituted  as  follows  :  — 

The  Chairman  of  the  Wireless  Section. 

The  President  I.E.E.   (ex-ofticio). 

The  Chairman  of  the  Papers  Committee   (ex-officio). 

One  member  of  Council  elected  by  the  Council. 

12  Ordinary  Members  who  shall  be  members  of  the 
Institution  elected  by  ballot  of-  the  members  of 
the  Wireless   Section. 

Not  more  than  four  representatives  nominated 
annually  by  Government  Departments  at  the 
invitation  of  the  Council,  but  such  nominees 
shall  not  have  a  vote  in  connection  with 
Clauses  5,  6  and  8. 

3.  The  Chairman  of  the  Section  (who  shall  also  be 
Chairman  of  the  Committee)  shall  be  a  Member  (M. I.E.E.) 
of  the  Institution.  He  shall  retire  annually  and  shall 
not  hold  office  more  than  two  years  in  succession. 

4.  No  Ordinary  Member  of  the  Committee  shall 
serve  on  the  Committee  more  than  three  years  in  suc- 
cession. 

5.  One-third  of  the  Ordinary  Members  of  the  Com- 
mittee shall  retire  annually.  For  the  first  two  years 
the  Ordinary  Members  of  the  Committee  shall  deter- 
mine which  of  the  original  Ordinary  Members  shall 
retire. 

Election  of  Committee. 

6.  (a)  Not  later  than  the  31st  May  in  each  year  the 
Committee  shall  publish  a  list  of  names  of  duly  qualified 
persons  whom  th^y  nominate  for  the  vacancies  about  to 
occur  in  the  Committee  on  the  30th  day  of  September 
next  following. 

(b)  Not  later  than  14  days  after  the  publication  of 
the  Committee's  list  of  nominations,  any  five  members 
of  the  Wireless  Section  may  nominate  any  other  duly 
qualified  person  to  fill  any  vacancy  by  delivering  such 
nomination  in  writing  to  the  Secretary,  together  with 


the  written  consent  of  such  person  to  accept  office  if 
elected,  but  each  such  nominator  shall  be  debarred 
from  nominating  any  other  person  for  the  same  election. 

(c)  Thereupon,  if  any  other  candidate  or  candidates 
have  been  duly  nominated,  the  Committee  shall  send 
to  each  member  of  the  Wireless  Section  entitled  to  vote 
a  ballot  paper  containing  the  names  of  all  persons  duly 
nominated,  stating  which  persons  are  nominated  by  the 
Committee  and  giving  the  names  of  not  more  than  five 
of  the  members  by  whom  e\'erv  other  person  (if  any) 
is  nominated. 

(d)  Every  member  voting  shall  erase  sufficient  names 
to  reduce  the  number  of  names  on  the  ballot  paper 
after  such  erasure  to  the  number  to  be  elected  to  the 
respective  offices. 

(e)  The  ballot  papers  shall  be  returned  so  as  to  reach 
the  Secretary  not  later  than  the  eighth  day  after  the 
day  of  issue,  and  the  votes  recorded  shall  be  counted 
by  two  or  more  scrutineers  appointed  by  the  members 
at  a  Wireless  Sectional  Meeting.  The  result  of  the 
ballot  shall  be  reported  by  the  scrutineers  to  the 
President  of  the  Institution. 

(/)  But  if  no  other  candidate  or  condidates  have  been 
nominated  under  the  provisions  of  Clause  (b)  above, 
those  nominated  by  the  Committee  shall  be  considered 
duly  elected. 

ig)  The  persons  elected  under  this  Clause  shall  take 
office  on  the  1st  day  of  October  next  following.  The 
Committee's  year  of  office  shall  begin  on  the  ist  day  of 
October  of  each  vear  and  end  on  the  30th  September 
next  following. 

7.  The  office  of  a  member  of  the  Committee  shall 
ipso  facto  be  vacated  :  (a)  If  he  become  bankrupt  or 
lunatic  ;  or  (b)  If  by  notice  in  -nTiting  to  the  Institution 
he  resign  his  office,  or  (c)  If  he  (not  being  a  member  of 
the  Committee  nominated  by  a  Government  Depart- 
ment) cease  to  be  a  member  of  any  class  of  the 
Institution. 

8.  Vacancies  on  the  Committee  other  than  those 
arising  under  Clauses  3,  4,  and  5  above  shall  be  filled 
by  the  Committee,  but  the  period  of  office  of  a  person 
so  elected  shall  end  on  the  same  date  as  that  on  which, 
the  vacating  member  would  normally  have  retired, 
and  at  the  end  of  such  period  he  shall  not  be  eligible 
for  immediate  re-election  as  a  member  of  th'^  Com- 
mittee. 

9.  Any  cases  of  doubt  or  difficulty  as  to  election  to- 
or  retirement  from  the  Committee  shall  be  decided  by 
the  Committee. 

Powers  of  the  Committee. 

10.  The  Committee  shall  organize  Sectional  Meetings 
for  the  reading  and  discussion  of  papers  on  Wireless 
Telegraphy,  Wireless  Telephony,  High-Frequency  En- 
gineering and  cognate  svbjects. 

11.  The  Committee  shall  have  power  to  appoint 
Sub-Committees  to  consider  and  report  to  the  Committee 
upon  any  matter  of  interest  to  Wireless  and  High- 
Frequency  Engineers,  but  shall  not  have  power  to- 
take  action  or  to  communicate  with  persons  or  bodies 
outside  the  Institution  without  the  sanction  of  the 
Council. 
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International  Electroteclinical  Commission. 

The  Secretary  of  the  Institution  has  received 
the  following  for  pubhcation  : — 

Meetings  of  the  Advisory  Committees  of  the 
International  Electrotechnical  Commission  were  held 
in  Brussels  from  March  27th  to  31st  inclusive. 
In  addition  to  the  secretaries,  about  35  delegates 
were   present   from  eight  different   countries. 

The  delegates  were  welcomed  on  behalf  of  the  Belgian 
Electrotechnical  Committee  by  M.  Omer  de  Bast,  of 
the  Institute  Montefiore,  and  on  the  opening  day  they 
were  entertained  at  lunch  by  the  members  of  the  Belgian 
Committee.  The  Conferences  were  held  at  the  Offices 
of  the  State  Railway  Administration. 

Rating. — The  first  Volume  of  the  I. EC.  Rating  Rules 
for  Electrical  Machinery  for  machines  not  exceeding 
5,000  volts,  750  k.v.a.  rated  output  and  50  cm.  in 
length  axially,  having  been  previously  approved  for 
issue,  the  Meeting  therefore  devoted  most  of  its  time 
to  consideration  of  questions  which  would  apply  to 
larger   machines. 

In  regard  to  high-voltage  tests,  it  was  agreed  to  recom- 
mend to  the  National  Committees  that  the  dielectric 
tests  given  for  the  smaller  machines  in  Volume  i  of  the 
I.E.C.  Rules  should  apply  also  to  large  machines,  with 
the  exception  of  turbo-alternators.  In  regard  to  the 
latter,  the  French  Committee's  proposals  that  the  high- 
voltage  tests  on  turbo-alternators  and  similar  machines 
should  be  increased,  have  been  referred  to  the  National 
Committees  for  consideration. 

The  use  of  embedded  temperature  detectors  for  the 
acceptance  tests  of  electrical  machinery  was  again 
discussed  and,  whilst  it  was  generally  agreed  that  these 
should  be  used  in  the  case  of  large  machines,  there  is 
still  a  verv  considerable  difference  of  opinion  as  to  the 
limit  above  which  the  use  of  this  method  of  measure- 
ment should  be  compulsory,  and  the  question  will 
need  further  consideration. 

The  American  Committee  recommend  the  use  of 
embedded  temperature  detectors  for  all  rotating  machines 
larger  than  those  dealt  with  in  Volume  i  of  the  I.E.C. 
Rules,  whereas  the  British  Committee  propose  their 
compulsory  use  for  acceptance  tests  only  for  : — 

(i)  Turbo-generators  and  similar  machines  over  5,000 
k.v.a.  whatever  the  voltage  and  core  length. 

(2)  Other  rotating  machines  over  90  cm.  core  length, 
whatever  the  k.v.a.  and  voltage,  or  over  65 
cm.  core  length,  if  over  6,000  volts  whatever 
the  k.v.a. 

In  regard  to  the  terminal  markings  given  in  Appendix  1 
of  the  I.E.C.  Rules,  it  has  not  been  agreed  to  recommend 
these  for  adoption,  as  the  American  Committee  have 
pointed  out  that  it  is  undesirable  to  fix  terminal  mark- 
ings for  transformers  until  terminal  markings  for  motor 
and  control  apparatus  have  been  settled.  The  Ameri- 
can Committee  has  been  in\'ited  to  forward  a  specific 
recommendation  on  this  point. 

Graphical  symbols. — The  British  delegates  submitted 
the  British  list  of  graphical  symbols  prepared,  but  not 
yet  issued.     This  list  had  been  based  on  the  proposals 


received  from  the  Italian  National  Committee,  the 
B.E.A.^I.A.,  and  many  other  sources,  and  it  is  gratifying 
to  record  that  many  of  them  have  been  adopted  for 
recommendation  to  the  National  Committees  for  accept- 
ance   internationally. 

Nomeiiclattire. — The  work  on  nomenclature  which  has 
been  suspended  during  the  war  was  commenced.  The 
general  principles  upon  which  the  work  should  be 
developed  were  discussed,  and  it  was  decided  : — 

(a)  To  prepare  an  international  electrotechnical 
vocabulary  taking  into  consideration  all  the  existing 
national  vocabularies.  Each  National  Committee  to 
add  a  translation  of  the  definitions  in  its  own  language 
in  a  national  edition.  The  vocabularv-  shall  be  compiled 
so  as  to  include  a  definition  of  the  word  in  English  and 
French  and  in  such  a  way  that  there  will  be  no  difficulty 
in  finding,  either  in  the  vocabulary-  or  in  an  appendix, 
the  equivalent  words  in  the  various  other  languages. 

(b)  That  the  different  National  Committees  com- 
municate to  the  Central  Office  as  soon  as  possible  the 
work  which  they  have  already  done  in  this  direction. 

With  regard  to  the  question  of  adding  translations 
of  other  languages,  it  was  felt  that  it  would  not  be 
possible  in  the  official  publications  to  extend  beyond 
the  official  languages  of  the  I.E.C,  namely,  Enghsh 
and  French. 

In  order  to  hasten  the  work,  a  Sub-Committee  was 
appointed  consisting  of  one  delegate  from  each  of  the 
following  countries  : — Great  Britain,  United  States  of 
America,  Belgium,  France,  Holland,  Spain,  Itah'  and 
Switzerland  ;  and  a  meeting  of  this  Sub-Committee  is 
to  be  held  at  Zurich  some  time  in  June,  Professor 
Wyssling  having  kindly  undertaken  to  make  the  neces- 
sary' arrangements  and  to  do  all  he  can  to  assist. 

The  following  recommendation  proposed  by  M. 
Paul  Janet  was  accepted  for  reference  to  the  National 
Committees  : — 

In  \iew  of  the  fact  that — 

(a)  It  is  of  the  greatest  importance  to  unify  the 
electrotechnical  nomenclature  and  symbols  in 
every  country-, 

(6)  It  is  equally  of  the  greatest  importance  that  new 
electrotechnical  terms,  definitions  and  sj-mbols 
should  be  formulated  from  the  point  of  view  of 
international  usage, 

(c)  There    is    a    more    or    less    widespread    tendency 

towards  the  adoption,  in  various  cases,  of 
electrotechnical  terms,  definitions  and  svTiibols 
which  too  often  do  not  anticipate  nor  lend 
themselves  to  international  use. 

The  Advisory-  Committees  on  .  Nomenclature  and 
Symbols  feel  that  it  is  \er\'  desirable  that  the  National 
Committees  should  exercise  in  their  respective  countries 
a  moral  influence  to  prevent  or  to  stop  the  formulation 
of  electrotechnical  terms,  definitions  and  symbols 
which  would  ultimately  present  a  serious  obstacle  to 
international   agreement. 

Standard  pressures. — The  Advisory  Committee  on 
Standard  Pressures  for  Insulators  considered  various 
proposals  which  had  been  submitted  by  the  National 
Committees,  and  finally  formulated  a  series  of  standard 
high  pressures  together  with  the  proposals  for  the  high- 
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pressure  test  in  each  case.  These  proposals  will  be 
submitted  to  the  various  National  Committees  for  their 
consideration. 

It  is  proposed  to  hold  the  next  meeting  of  these  Com- 
mittees in  Paris  in  November. 

A  Report  of  each  of  the  meetings,  giving  the  proposals 
in  detail,  will  be  available  ver^'  shortly. 

Accessions  to  the  Reference  Library. 

Buck,  A.  M.  Some  graphical  solutions  of  electric 
railway  problems.  [University  of  Illinois,  Engineer- 
ing Experiment  Station,  Bulletin  no.  go]. 

8vo.     36  pp.      Urbana,  III.,  1916 

Dunn,  H.  H.  The  tractive  resistance  of  a  28-ton 
electric  car.  [University  of  Illinois,  Engineering 
Experiment  Station,  Bulletin  no.  74]. 

8vo.     53  pp.      Urbana,  III.,  1914 

Hadfield,  Sir  R.,  Bart.  Introductory  address  to  be 
read  at  the  Symposium  on  the  Microscope  :  its 
design,  construction  and  application,  in  which 
the  following  Societies  take  part  :  The  Faraday 
Society,  The  Royal  Microscopical  Society,  The 
•Optical  Society,  The  Photomicrographic  Society. 
Jan.  14th,  1920.  8vo.     42  pp.     [Londoti],  1920 

The  great  work  of  Sorby,  to  be  read  at  the  Sym- 
posium on  the  Microscope,  Jan.  14th,  1920. 

8vo.     5  pp.     [London'],  1920 

Photomicrographs  of  steel  and  iron  sections  at 

high  magnification,  to  be  read  at  the  Symposium 
on  the  Microscope,  Jan.  14th,    1920. 

8vo.     6  pp.     pi.  A-H.  [London],  1920 

The  work  of  the  Faraday  Society,   and  a  brief 

reference  to  Michael  Faraday,   to  be  read  at  the 
Symposium  on  the  Microscope,  Jan.  14th,  1920. 

8vo.     7  pp.     [London],  1920 
Hydro-Electric    Power    Commission    of    Ontario. 
Electric  generating  and  transmission  systems. 

Map.     folded   8vo.    [1920  ?] 
Ibbetson,  W.  S.     Electric  wiring  :   theory  and  practice. 
Including  special  chapters  on  motor  and  dynamo 
circuits  and  ship  wiring  etc. 

2nd  ed.     sm.  8vo.     469  pp.      London,  1920 
Kennelly,  a.  E.     The  speed  of  electricity.     [A  reprint 
from  The  Wireless  Age,  Aug.,  1919]. 

8vo.     7  pp.     n.p.,  1919 

and  Velander,  E.  Alternating-current  plane- 
vector  potentiometer  measurements  at  telephonic 
frequencies.  [Massachusetts  Institute  of  Tech- 
nology, Electrical  Engineering  Dept.,  Research 
Div.,  Bulletin  no.  20.  Reprinted  from  Proc.  Amer. 
Phil.  Soc,  vol.  58,  1919]. 

8vo.     36  pp.     n.p.,    1919 

A  rectangular-component  two-dimensional 

alternating-current  potentiometer.  TMassachusetts 
Institute  of  Technology,  Electrical  Engineering 
Dept.,  Research  Div.,  Bulletin  no.  18.  Reprinted 
from  the  Journal  of  the  Frankhn  Institute,  July, 
1919]-  8vo.     26  pp.     n.p.,   1919 

Kershaw,  J.  B.  C.  The  use  of  low-grade  and  waste 
fuels  for  power  generation. 

8vo.     212  pp.     London,  1920 


Lyon,  \V.  V.  Current  distribution  in  armature  con- 
ductors. [Massachusetts  Institute  of  Technology, 
Electrical  Engineering  Dept.,  Research  Div.,  Bulle- 
tin no.  19.  Reprinted  from  Electrical  World, 
July  12,  1919].  sm.  8vo.     12  pp.     n.p.  [1919] 

MouLTON,  H.  F.,  and  Evans- Jackson,  J.  H.  The 
Patents,  Designs,  and  Trade  Marks  Acts.  With 
notes  on  all  recent  decisions  and  changes  in  law 
and  practice.  la.  8vo.     144  pp.     London,  1920 

Neale,  R.  E.  Electricity  :  its  production  and  applica- 
tions, sm.  8vo.      144  pp.     London,  n.d. 

Parliamentary  Papers.  Ministry  of  Munitions  of 
War  :  Munitions  Inventions  Dept.  Nitrogen 
Products    Committee.     Final    report. 

fol.     363  pp.     London,  1919 

Raymond-Barker,  E.  Cable-fault  localisation  graphs 
in  practice.  [Reprint  of  articles  published  in  the 
"  Electrical  Review,"   1909]. 

8vo.     68  pp.     [London,  1909] 

Graphs    in   a   cable-ship  drum-room  :     notes  for 

junior  assistants.  [Reprints  of  articles  published 
in  the  "  Electrical  Review,"  Jan,  17th,  1913,  etseq.]. 

la  8vo.     46  pp.     London  [1913] 

Hand-book  in  cable-break  localisation.     Graphic 

methods.  The  calculator  board  in  practice.  [Re- 
print of  articles  published  in  the  "  Electrical  Re- 
view," 1903-1904].       8vo.     66  pp.     [London,  igo^] 

The   two-tone   vibrating   transmitter   and    cable 

inductive  signalling.  [Reprint  of  articles  pub- 
lished in  "  The  Electrician,"  Dec.  18th,  1908,  and 
Jan.  15th,  1909].         8vo.     27  pp.     London,  [1909] 

Rymer- Jones,  J.  Localising  high-resistance  breaks  in 
cables.  [Reprinted  from  the  "  Electrical  Review," 
July  24th-Aug.  14th,  1908]. 

4to.     II  pp.     [Lo»(foM,  1908] 

Universal  methods  for  computing  the  speed  of  a 

telegraphic  message  sent  by  automatic  transmitter 
or  hand-key.  fol.     19  pp.     [London,   191 1] 

Schmidt,  E.  C,  and  Dunn,  H.  H.  The  tractive  resist- 
ance on  curves  of  a  28-ton  electric  car.  [Uni- 
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Vorschriften  betreffend  Erstellung  und  Instand- 
haltung  elektrischer  Hausinstallationen,  herausge- 
geben  vorn  Schweiz.  Elektrotechnischen  verein. 

4teAufl.     sm.  8vo.     169  pp.  [Zurich],  igig 

South  African  Railways.  Report  on  the  introduction 
of  electric  traction.     [By]  Merz  and  McLellan. 

fol.     48  pp.,  9  tables  and  6  pi.     London,  igig 

Thompson,  J.  S.,  and  Thompson,  H.  G.  Silvanus 
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Arrangements  for  June,  1920. 

ORDIXARY   MEETINGS   OF   THE    INSTITUTION". 

i]]'ediiesdays.) 

[To  be  held  at  The  Institution  of  Meclianical  Engineers, 
Storey's  Gate,  Westminster,  S.W.,  at  6  p.m.  (light  refresh- 
ments 5.30  p.m.).] 


Date. 
1920. 
16  June 


30  June 


Author  and  Title  of  Paper. 

Discussion  on  the  following : 

Paper  read  before  the  Royal  Society  of  Arts  by 
Sir  DuGALD  Clerk,  K.B.E.,  D.Sc,  F.R.S., 
entitled  "  Distribution  of  Heat.  Light  and 
Motive  Power  by  Gas  and  Electricity." 

"The  Report  on  the  Coal-Gas  and  Electrical 
Supply  Industries  of  the  United  Kingdom  to  the 
President  of  the  Institution  of  Gas  Engineers," 
by  Sir  Dug.\ld  Clerk,  K.B.E.,  D.Sc,  F.R.S., 
Professor  Arthur  Smithells,  C.M.G.,  F.R.S., 
and  Professor  J.  \V.  Cobb,  C.B.E.,  B.Sc. 

P.  Dawson  :  "  Overhead  and  Live-rail  Conductor 
Systems." 


WIRELESS   SECTIONAL   MEETINGS. 
{Wednesdays.) 
[To  be  held  at  The  Institution  of  Mechanical  Engineers, 

Storey's  Gate,  Westminster,  S.W.,  at   6  p.m.  (light  refresh- 
ments 5.30  p.m.).] 

A  ulhor  and  Title  of  Paper. 


Date. 
1920. 

9  June 
23  June 


Date. 

1920. 
9-12 
June 


M.  Latour  :  "  High-frequency  Machines." 
B.  S.  GossLiNG :  "  The  Development  of  the  Three- 
Electrode  Valve  during  the  War." 

TERRITORIAL   CENTRES. 

Place  of 

Meeting. 

ICinloch-      Summer  Outing  of  Scottish  Centre, 
leveu 


Annual  Conversazione. 
The  Annual  Conversazione  will  be  held  at 
the  Natural  History  ]\Iuseum,  Cromwell  Road, 
South  Kensington,  by  permission  of  the 
trustees  of  the  Museum,  on  Thursday,  ist 
July,  from  8  p.m.  to  11  p.m. 

( 


Council  for  the  Year  1920-21. 

The  result  of  the  ballot  for  the  vacancies 
which  will  occur  on  the  30th  September  next 
was  reported  at  the  Annual  General  fleeting  on 
the  20th  Ma}'  to  be  : — 

President :  L.  B.  Atkinson. 

Vice-Presidents  :  Dr.  W.  H.  Eccles,  J.  S.  Highiield, 
and  S.  L.  Pearce,  C.B.E. 

Honorary  Treasurer  :  Sir  James  Devonshire,  K.B.E. 

Ordinary  Members  of  Council  {Members)  :  F.  Gill, 
O.B.E.,  P.  y.  Hunter,  C.B.E. ,  A.  H.  W.  MarshaU. 
W.  Noble,  Dr.  A.  Russell,  and  C.  \'emier. 

The  Council  for  the  year  1920-21  will  therefore 
be  constituted  as  follows  : — 

prcsiOent. 
L.  B.  .\tkinson. 

ttbc  past=prcsiC»cnt3. 


Dice-presiOcnts. 


W.  A.  Chamen. 
Dr.  W.  H.  Eccles. 


J.  S.  Highfield. 

S.  L.  Pearce,  C.B.E. 


■fconorar^  Crcasutcr. 

Sir  James  Devonshire,   K.B.E. 

©rOinarv  yiBcnibers  of  Council. 


P.  R.  Allen,  O.B.E. 
H.  J.  Cash. 
H.  W.  Clothier. 
J.  R.  Cowie. 

D.  N.  Dunlop. 
S.  E.  Fedden. 

E.  A.  Gatehouse. 

F.  GiU,  O.B.E. 

P.  V.  Hunter,  C.B.E. 


Prof.  E.  W.  Marchant.D.Sc. 

A.  H.  W.  Marshall. 
W.  Noble. 

C.  C.  Paterson,  O.B.E. 
Dr.  A.  Russell. 
J.  Sayers,  O.B.E. 
P.  D.Tuckett. 
C.  Vernier.  . 

B.  Welboum, 


and 


The  Chairman  and  Immediate  Past-Chairman  of  each 
Territorial  Centre. 

21     ) 
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Premiums. 

At  the  Annual  General  Meeting  on  the  20th 
May  the  President  announced  that  the  follow- 
ing premiums  for  papers  have  been  awarded 
by  the  Council  : — 

The  Institution  Premium  [value  £25). 

M.  B.  Field,  O.B.E.  "  The      Navigational      .Mag- 

netic Compass  con- 
sidered as  an  Instru- 
ment of  Precision." 

The  Ayrton  Premium   (value  £10). 

W.  H.  Patchell.  "  Notes  on   operating  a  By- 

product Producer  Gas 
Plant  for  Power  and 
Heating." 

The  Fahie  Premium  (value  ;^io). 

E.  A.  Laidlaw  and  W.  H.  "  The    Telephone    Service    of 
Grinsted.  Large  Cities,  with  special 

reference  to  London." 

The  John  Hopkinson  Premium  (value  £10). 
J.  L.  Thompson,  M.Sc.      "  Transformers    for    Electric 

Furnaces." 

The  Kelvin  Premium   [value  £10). 

H.  W.  Taylor.  "  Eddy     Current     Losses     in 

Stator  Windings." 

The  Paris  Premium  [value  ;^io). 

G.  Stead.  "  The   Short   Tungsten    Fila- 

ment as  a  Source  of 
flight  and  Electrons." 

The  Webber  Premium  (value  ;^io). 
Major  A.  C.  Fuller, 
R.E. 


A  Premium  [value  £^). 
Captain  J.  M.  Scott 
JNIaxwell. 

A  Premium  [value  £=,). 
Major  K.  Edgcumbf, 
R.E.  (T.). 


The  Fullerphone  and  Its 
Application  to  Military 
and   Civil  Telegraphy." 

Scientific  Management  :  a 
Solution  of  the  Capital 
and  Labour    Problem." 


The  Protection  of  Alterna- 
ting-Current Distribu- 
tion Systems  without  the 
L'se  of  Special  Con- 
ductors." 


Wireless  Section  Premiums. 

The  Duddell  Premium  [value  ;£2o). 

Captain  H.  J.  Round,  "  Direction  and  Position 
M.C.  Finding." 

A  Premium  [value  /lo). 

Prof.  C.  L.  FoRTESCUE.  "  The  Design  of  Multiple- 
stage  Amplifiers  using 
Thrte  -  Electrode  Ther- 
mionic Valves." 


A  Premium   (value  £10). 
Prof.  G.  \V.  O.  Howe, 
D.Sc. 

A   Premium   [value  ;fio), 
Captain  L.  B.  Turner, 


Students'  Premiums. 
A  Premium  [value  £15) 
E.  T.  NoRRis. 


A  Premium  [value  £1$). 
J.  Scott- Taggart,  M.C. 


A   Premium  [value  /15). 
C.  E.  Webb. 


'  The  High-frequency  Resist- 
ance of  Wires  and 
Coils." 

The  Oscillatory  Valve  Re- 
lay :  a  Thermionic  Trigger 
Device." 


The  Protection  of  Alternat- 
ing-current Circuits  and 
Apparatus." 

'  The  Use  of  Vacuuni  Tubes 
for  Wireless  Transmission 
and  the  Reception  of 
Continuous  Waves." 

The  Principles  of  Scien- 
tific Illumination." 


Informal  Meetings. 

The  twelfth  Informal  Meeting  was  held  on 
Monday,  19th  April,  1920,  at  7  p.m.,  at  the 
Chartered  Institute  of  Patent  Agents,  Staple 
Inn  Buildings,  W.C,  Mr.  F.  Pooley  in  the 
chair. 

Mr.  G.  H.  Ayres  opened  a  discussion  on 
"  Group  versus  Individual  Driving,"  in  which  the 
following  took  part  : — Messrs.  W.  E.  Rogers, 
A.  F.  Harmer,  A.  E.  Gott,  J.  M.  L.  Slater, 
J.  R.  Bedford,  R.  Rankin,  P.  M.  Baker,  W.  L. 
Wreford,  A.  G.  Hilling,  R.  Grierson,  M.  R. 
Gardner,  W.  E.  Bradshaw,  and  G.  J.  D.  Scott. 

The  Informal  Meetings  Committee  have  the 
programme  for  next  session  under  consideration, 
and  members  are  invited  to  indicate  to  the 
Secretary  of  the  Institution  subjects  on  which 
they  may  be  willing  to  open  a  discussion.  The 
Committee  desire  to  remind  members  that  at 
these  meetings,  which  are  strictly  informal, 
smoking  is  allowed  and  the  remarks  of  the 
speakers  are  not  recorded  or  published. 

War  Memorial  Book. 

All  efforts  to  trace  the  relatives  of  the  following 
members  who  lost  their  lives  during  the  ^^'ar 
having  failed,  the  Secretary  would  be  glad  to 
receive  the  addresses  of  their  relatives  or  any 
particulars  of  their  careers  and  military  service 
that  may  be  known  to  members  : — • 

Gunner  E.  L.  N.  Cope  (Student),  Royal  Horse 
Artillery. 

2nd  Lieut.  C.  T.  Faddy  (Student),  North  Stafford- 
shire Regiment. 
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Sapper  E.  A.   I.  Elkins  (Associate  Member),  Royal 

Engineers. 
Captain    D.    S.    Laurie    (Associate    Member),    Royal 

Engineers. 
Captain     S.     Pilkington     (Associate),     Leicestershire 

Regiment. 
2nd  Lieut.  S.  M.  Rawson  (Student),  Royal  Fusiliers. 
Gunner    O.    B.    Reynolds    (Student),    New    Zealand 

Artillery. 
2nd     Lieut.     W.     Winkworth     (Associate     Member), 

Northumberland   Fusiliers. 


E.E.  War  Memorial  Scholarsliips. 

The  Secretary  of  the  Institution  has  been 
requested  to  give  publicity  to  the  follow- 
ing :— 

Applications  for  the  following  Educational  Scholar- 
ships may  now  be  sent  to  the  Secretary  R.E.  War 
Benefits  Committee,  R.E.  Institute,  Chatham.  The 
Committee,  in  adjudicating  upon  these  applications 
will  give  primary  consideration  to  the  necessity  of  the 
case. 

"A  "  Scholarships  of  £^o  per  annum,  for  children 
of  Officers  and  Other  Ranks  of  Royal  Engineers,  includ- 
ing Regulars,  Special  Reserve,  Territorial  Force,  and 
New  Army,  who  before  the  war  were  in  a  position  to 
send  their  children  to  Public  Schools,  etc.  Tenable 
between  the  ages  of  lo  and  i8  years,  the  grants  to  be 
reviewed  after  four  years.  Ten  scholarships  at  present 
available. 

"  B  "  Scholarships  of  £ij  per  annum,  for  children 
of  Warrant  Officers,  N.C.O.'s,  and  Men,  to  assist  the 
children  to  go  on  to  a  Technical  or  Secondary  School. 
Tenable  between  the  ages  of  13  and  16  years.  Forty 
scholarships  at  present  available. 

"  C  "  Kitchener  Scholarships.  .\t  present  limited 
to  one  of  £40,  and  two  of  £1^,  under  the  same  conditions 
as  "  A  "  and  "  B  "  respectively. 

Applications  to  be  considered  in  the  first  adjudication 
should  be  received  by  the  ist  June,  1920.  Forms  of 
application  can  be  obtained  from  the  Secretary  of  the 
R.E.  War  Benefits  Committee. 

For  the  present,  owing  to  the  large  number  of 
casualties  in  the  Great  War,  the  issue  of  these  Scholar- 
ships will  be  confined  to  children  or  dependents  of 
Officers  and  Other  Ranks,  either  killed  in  action,  died 
of  wounds,  or  disease  contracted  in  the  service,  or 
permanently  disabled  therein. 

Joint  Meeting  at  Calcutta  with  American 
Institute  of  Electrical  Engineers. 

A  limited  number  of  copies  are  available  of 
the  Proceedings  at  the  Joint  Meeting  of  the 
Calcutta  Local  Centre  of  the  Institution  with 
the  American  Institute  of  Electrical  Engineers, 
held  at  Calcutta  from  31st  December,  1918,  to 
3rd    January,    1919.     Copies    can    be    obtained 


from  the  Secretary  of  the  Institution,  i,  Albe- 
marle Street,  W.   i   (price,   los.  6d.  each). 

The  Proceedings  include  Addresses  by  the  two 
Chairmen  (Mr.  J.  W.  Meares  and  Mr.  H.  P.  Gibbs)  and 
the  following  papers  : — 

N.  N.  Iengar 


A.  Hay  and 

F.  N.  MOW^DAWALLA 


Electric   Boilers  "    (with   report 
of  discussion). 

The  Starting  Conditions  in 
Synchronous  Machines  "  (with 
report  of  discussion). 
R.  H.  Martin  . .  "  The  Problem  of  the  Electri- 
fication of  Mountain  Railways, 
with  special  reference  to  the 
Xilgiri  Railway  "  (with  report 
of  discussion). 

Benevolent  Fund. 

Donations  from  the  following  were  reported 
by  the  President  at  the  Ordinary  Meeting  held 
on  the  29th  April  last. 

D.  Adams,  H.  Armstrong,  J.  W.  Atkinson,  C.  R. 
Barry,  W.  S.  Barter,  J.  R.  Beard,  A.  O.  Buckingham, 
A.  F.  Burgess,  J.  M.  Calder,  R.  H.  Campion,  E.  Carter, 

F.  S.  Carter,  \.  J.  Chesterton,  J.  R.  Clavton,  G.  Cooper, 

G.  W.  Cooper,  P.  Copp,  H.  Creagh,  r!  L.  Cribbes,  W. 
Cuffiey,  E.  Cunningham,  H.  Y.  Denham,  E.  D.  Dent, 
L.  Doyle,  A.  H.  Dykes,  F.  J.  Edgar,  L.  Edwards,  H.  H. 
Eiriksson,  W.  Ellams,  G.  J.  Evans,  S.  H.  Fowles,  W.  A. 
Eraser,  B.  French,  C.  A.  Friendship,  D.  M.  Gault,  F.  J. 
Hancock,  V.  J.  Hegney,  H.  J.  Henwood,  F.  P.  Holliday, 
R.  V.  Hook,  H.  J.  Howard,  V.  R.  Hurle,  S.  Insull,  F.  L. 
James,  B.  H.  Jenkinson,  C.  J.  Jewell,  V.  N.  Jolliffe, 
W.  H.  M.  Kelman,  H.  W.  Kolle,  W.  H.  Lea,  L.  J.  Lepine, 
G.  Lewis,  F.  W.  Main,  A.  Martin,  A.  E.  Maves,  F.  C. 
Meaby,  J.  W.  Meares,  S.  C.  Miller,  W.  J.  Minton,  ^V.  G.  P. 
Mitchell.  J.  A.  Morton,  A.  Munoz,  P.  de  O.  Novaes, 
L.  E.  H.  Parker,  L.  Paysant,  A.  G.  Phillips,  E.  A.  K. 
Picard,  A.  Pickersgill,  A.  J.  Price,  S.  Carrick  Price, 
C.  Rettie,  J.  Russell,  C.  W.  Saddington,  W.  Samples, 
C.  E.  Sayer,  E.  W.  Scott,  J.  H.  Semple,  A.  Sevalho, 
F.  Shakeshaft,  I.  Shirshov,  G.  M.  S.  Sichel,  M.  G.  Simpson, 
L.  Slatterv,  A.  T.  Smee,  B.  R.  Smith,  A.  Strickland, 
W.  H.  T.  Swire,  W.  C.  P.  Tapper,  C.  F.  Thomas,  D.  C. 
Townley.  H.  J.  Troughton,  H.  C.  Wellden,A.  T.  Winder, 
and   J.   Wolfenden. 

Roll  of  Honour. 


(Fifteenth  List.*) 
Killed  in  Action. 

Clarke.    Private     New  Zealand  Trench  Mortar 
R.  St.  J.  Battery 


Student 


Royal  Garrison  ArtUlery  Student 


Died. 

Bly,  2nd  Lieut. 
H.  A.  E. 

•  See  Journal  I.E.E.,  vol.  54,  pp.  64,  447  and  675 ;  vol.  55,  pp.  55,  193,  325, 
and  537;  and  Ir.slitulion  NoUs,  No.  i,  p.  3;  No.  4,  p.  15;  No.  7  p.  =9; 
No.  9,  p.  4;   No.  II,  p.  20;  No.  12,  p.  23,  and  No.  15,  p.  40. 
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Military  Honours  Awarded. 


(Sixteenth  List.*-) 

C.M.G. 

Harrison,  Lieut.-  South  African  Engineers 
Col.  N.,  D.S.O. 

C.B.E. 

Sankey,  Captain    Royal  Engineers 

H.  R. 
Phillips,        Bt.-     General  Staff 

Lieut. -Col.  G.  L 

O.B.E. 

Falle,        Lieut.-     R.^T.V.R. 

Comm.  H.  de  C. 
Kingston,  Major    Royal  Engineers 

J.  R. 

D.S.O. 

JIcArthur,  Cap-     South  African  Engineers 
tain  R.  T. 

M.B.E. 

Webb,      Lieut.-     Indian  Defence  Force 

Col.  G.  R. 
Huddart,  Major     Royal  Armv  Service  Corps 

A.  H. 
Reeves,         2nd     Royal  Garrison  Artillery 

Lieut.  J.  H. 
Robinson,  Com-     Royal  Navy 

mander  E.  G., 

V.C. 
Piatt,     Captain     Royal  Engineers' 

C.  B. 


vx. 

Gray, 
R. 

Hunt, 
T.  C 

Denton,      Lieu- 
tenant R.  H. 


Captain     Royal  Field  Artillery 
Captain     Royal  Engineers 
Royal  Engineers 


Ventioned  in  Despatches. 

Carty,      Lieut.-     Royal  Army  Service  Corps 
Col.     S.    W., 
O.B.E.,  M.C. 

Crowther,  Lieu- 
tenant J.  P. 


Associa  te 

Member 


Member 
Associate 


Associate 

Member 
Associate 

Member 


Associate 

Member 


Member 

Associate 

Member 
Associate 

Associate 

Member 

Student 


Associate 

Member 
Associate 

Member 
Student 


Associate 

Member 


Royal  Army  Ordnance  Corps  Associate 

Member 


Canadian  Artillery 


•  See  Journal  I.E.E.,  vol,  54,  pp.  306,  518,  and  674;  vol.  55,  pp.  56,  193, 
325,  and  537;  and /ns/r/u(ion  iVo/fs,  No.  I,  p.  3 ;  No.  4,  p.  15  ;  No.  6,  p.  24  ; 
No.  7,  p.  30;  No.  9,  p.  4;  No.  12,  p.  23;  No.  14,  p.  30;  No.  15,  p.  40. 


Associate 

Member 
Associate 

Member 
Associate 

Member 

Associate 

Member 
Associate 

Member 

Associate 

Member 


Ro}'al  Army  Service  Corps      Student 
Royal  Engineers 


Graduate 


Derry,        Lieu-     Royal  Army  Service  Corps     .Student 
tenant  C. 

Friend,      Major     Royal  Engineers 

R.  H. 
Fruhe-Sutclifle,      Royal  Engineers 

Major  R. 
Fulcher,       Lieu-     Norfolk  Regiment 

tenant  E.W.  P., 

M.B.E. 
Hunt,     Captain     Royal  Engineers 

T.  C. 
Lockhart-Jervis,    Royal  Engineers 

Major  B.  C, 

D.S.O. 
McNaughton, 

Brig.-Gen.   A. 

G.  L.,  C.M.G., 

D.S.O. 
Riley,         Lieu- 
tenant T.  S., 

M.C. 
Whitney,      Cor- 
poral J.  S. 

Mentioned. 

Brown,       Lieu-     Royal  .\ir  Force 

tenant  Sir  A. 

Whitten,  K.B.E. 
Reeves,    Flying     Royal  .\ir  Force 

Officer  W.  A. 
Vereker,  Flight-     Royal  Air  Force 

Lieut.  H.  C. 
Voss,  Lieutenant  Royal  Engineers 

H.  A. 

Legion  d'Honneur,  OfBcier. 

Ditmas,  Lieut.-     Durham  Light  Infantry 
Col.  F.  I.  L., 
D.S.O.,  M.C. 

Legion  d'Honneur,  Chevalier. 

Cottrell,     Com-     R.N.V.R. 
mander  W.  H., 
C.M.G.,  O.B.E. 

Ordre  de  Leopold,  Offlcier. 

Ogilvie,  Colonel     Royal  Engineers 
Sir  A.  M.  J., 
K.B.E.,  C.B., 
V.D. 

Ordre  de  I'Etoile  Noire. 

Rich,  Major  T.,      Royal  Engineers 
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INAUGURAL    ADDRESS 

By  Roger  T.  Smith,  President. 


(Address  delivered  13  November,   1919.) 


Preliminary. 


I  sincerely  thank  you  for  the  honour  you  have  done 
me  in  electing  me  as  your  President.  Coming  as  it 
does  at  a  time  when  both  railways  and  electricity  supply 
are  subject  to  fresh  legislation,  your  choice  of  a  railway 
electrical  engineer  ought  to  be  appropriate  ;  but  it  is 
ob\'ious  that  this  legislation  adds  greatly  to  the  responsi- 
bilities of  the  Chair  during  this  session.  I  can  but  do 
m)-  best  to  justify  your  choice. 

Although  the  hospitahty  of  the  Institution  of  Civil 
Engineers,  continued  for  many  years  both  before  and 
during  the  war,  has  made  us  feel  completely  at  home 
in  this  theatre,  it  is  a  great  disappointment  that  our 
expectations  during  the  summer  of  starting  this  session 
in  our  building  have  not  been  fulfilled.  There  is  a 
possibility  that  evacuation  will  take  place  before  the  end 
of  the  session,  but  much  will  have  to  be  done  to  render 
our  Victoria-embankment  house  habitable  before  we 
can  again  work  and  meet  there. 

The  signing  and  ratification  of  Peace  with  Germany 
is  so  great  an  event  in  history,  that  it  must  form  the 
starting  point  of  any  address  not  dealing  wholly  with 
the  past  or  with  abstract  ideas. 

Yet  I  want  to  begin  with  two  pre-war  matters 
relating  to  the  Institution,  my  railway  and  myself. 
In  February  last  the  Institution  lost  one  of  its  three 
remaining  original  members,*  Professor  Carey  Foster, 
who  assisted  at  the  birth  of  the  Society  of  Telegraph 
Engineers  in  1871  and  sat  on  the  first  Council  of  the 
Society  when  it  started  its  meetings  on  28th  February, 
1872.  He  was  President  in  1881,  when  an  Electrical 
Exhibition  was  held  in  Paris.  This  was  undoubtedly 
the  first  clearing  house  for  ideas  and  the  stimulus  to 
design  for  electrical  engineers  in  Western  Europe,  and 

•  The  other  two  original  members  still  with  us  are  Sir  Herbert  Jekyll, 
K  C.M.G.,  and  Colonel  E.  D.  Malcolm,  RE. 
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the  part  taken  by  the  Institution  in  that  memorable 
event  is  perhaps  worth  recalling. 

The  British  Government  having  decided  against 
appointing  special  commissioners  to  the  Exhibition 
only  six  months  before  it  opened,  the  Society  of  Telegraph 
Engineers,  at  the  request  of  the  French  Government, 
secured  the  co-operation  of  English  electrical  engineers 
and  manufacturers  and  satisfactory  British  exhibits 
were  obtained  in  less  than  one  month.  \\'hen  four 
months  later  it  was  clear  that  the  British  Section  was 
going  to  be  a  success,  the  British  Government,  on  the 
joint  appUcation  of  the  Society  of  Telegraph  Engineers 
and  the  Society  of  Arts,  consented  to  appoint  members 
from  both  Societies  to  represent  this  country-  as  official 
commissioners,  but  at  their  own  expense.  This  evi- 
dence of  pubUc  spirit  on  the  part  of  members  of  these 
two  Societies  is  an  example  for  all  time  to  this  Institu- 
tion, while  the  incident  is  historical  as  one  of  the  early 
instances  of  government  action  with  regard  to  the 
electrical  industry. 

I  had  the  good  fortune  to  be  taken  to  Paris  to  see 
the  Electrical  Exhibition.  That  experience,  and  the 
Exhibition  of  the  following  year  at  the  Crystal  Palace, 
fired  me  to  become  an  electrical  engineer,  and  my  first 
electrical  associations  were  with  the  spirited  encourage- 
ment of  the  industry  by  this  Institution  in  1S81  and 
with  its  then  President  the  late  Professor  Carey  Foster, 
who  became  in  turn  teacher,  father-in-law,  and  friend. 

The  second  historical  matter  I  wish  to  refer  to  is  the 
early  connection  of  railways  in  general,  and  of  my 
railway,  the  Great  Western,  in  particular,  with  tele- 
graphy and  with  the  Society  of  Telegraph  Engineers. 
Cooke  and  ^^■heatstone's  four-  and  five-needle  telegraph 
was  patented  in  June  1S37,  tried  in  July  of  the  same 
year  between  Euston  and  Camden  Town,  and  installed 
on  the  Great  Western  Railway  between  Paddington  end 
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West  Drayton  in  1838,  the  same  year  that  saw  the 
opening  of  the  first  section  of  the  railway  itself  between 
Paddington  and  Maidenhead.  This  telegraph  was 
extended  to  Slough  four  years  later. 

Practical  telegraphy,  that  is  to  say,  electrical  engi- 
neering, started  in  this  country  on  the  railwaj^s  for 
railway  purposes,  and  although  for  public  messages 
the  telegraphs  had  been  taken  over  by  the  Government 
before  the  Society  of  Telegraph  Engineers  was  formed 
in  1871,  the  Society,  and  its  successor  the  Institution, 
may  with  some  truth  be  said  to  be  the  child  of  railway 
telegraphs.  The  telegraphs  installed  on  the  railways 
were  used  among  other  things  for  railway  messages 
and  for  the  announcement  of  the  despatch  of  trains. 
Mr.  Cooke  saw  that  in  conjunction  with  fixed  signals 
the  telegraphs  could  be  used  to  pro\-ide  an  absolute 
block  sj-stem  on  the  railways  by  di\-iding  the  line  into 
sections  and,  by  telegraphing  between  signal  boxes, 
to  secure  that  one  train  only  was  permitted  to  be  in 
a  section  at  any  one  time.  On  the  Great  Western  the 
Box  Tunnel  was  worked  on  Cooke's  block  telegraph 
system  in   1S50. 

The  Electric  Telegraph  Company  had  already  been 
installing  and  maintaining  telegraphs  for  all  purposes 
on  the  railways  for  some  years,  and  JNIr.  C.  E.  Spagno- 
letti  had  been  uxirking  for  them  on  the  Great  Western 
Railway,  when  in  1S53  that  railway  created  the  post 
of  Telegraph  Superintendent  and  appointed  Mr. 
Spagnoletti  to  fill  it.  Mr.  Spagnoletti,  the  first  of  the 
railway  telegraph  superintendents,  filled  the  Great 
Western  post  for  37  years,  and  was  the  first  railway 
President  of  this  Institution,  under  its  second  title  of 
the  Society  of  Telegraph  Engineers  and  Electricians, 
in   1885. 

Railways  have  unfortunately  taken  so  little  part 
in  the  more  recent  acti\-ities  of  our  Institution,  that  I 
have  ventured  to  recall  to  both  the  historical  connection 
of  the  railways  with  the  first  commercial  applications 
of  electricity  in  this  country.  The  birth  of  the  tele- 
graphs led  to  the  birth  of  this  Institution,  and  the 
name  of  Mr.  Spagnoletti,  my  predecessor  at  Paddington, 
will  always  be  associated  wth  the  early  developments 
of  electric  telegraphy. 

Our  Roll  of  Honour. 
Public  tributes  during  this  year  have  been  paid  to 
those  members  of  the  Institution  who  have  served 
through  the  war  and  to  those  who  have  fallen  in  that 
service.  In  addition,  I  only  wsh  to  remind  you  of 
our  corporate  and  indi\'idual  pride  in  those  who  have 
served  and  those  who  have  fallen.  Pride  being  a  simple 
and  not  a  complex  emotion,  like  sympathy,  we  may 
all  venture  to  show  it  even  to  strangers.  I  therefore 
wish  the  members  of  the  Institution  not  to  allow  either 
their  corporate  or  their  individual  pride  in  our  \-ictors 
or  in  our  dead  to  diminish  with  time.  No  better  e\-i- 
dence  of  that  pride  can  be  given  than  in  fulfilhng  that 
"  dear  obligation  "  of  the  Royal  Proclamation  of 
September  15th  last  by  the  preferential  employment  of 
the  disabled  in  electrical  work  for  wliich  they  can  be 
fitted.  It  is  pleasant  to  think  how  important  a  part 
this  Institution  took  in  1916  in  starting  the  training 
of  disabled  men  for  switchboard  and  substation  work. 


The  Problems  of  Peace. 

The  signing  and  ratification  of  Peace,  and  the  problems 
which  Peace  has  brought,  are  testing  and  will  test  the 
temper  of  the  nation  to  the  uttermost.  I  propose  to 
consider  how  some  of  those  problems  may  affect  the 
electrical  industry. 

An  outstanding  feature  of  our  public  life,  and  of  our 
Press,  during  the  last  few  months  has  been  and  still 
is  the  passion  for  destructive  criticism.  However 
much  some  criticism  may  be  justified,  in  aflairs  the  man 
who  criticizes  without  attempting  to  show  the  better 
way,  or  at  least  another  way  wliich  he  thinks  to  be 
better,  is  unfitting  both  himself  and  others  for  doing 
their  duty. 

For  nearly  five  years  the  nations  have  been  destroying 
each  other  and  each  other's  property  at  enormous 
cost.  It  would  almost  seem  as  if  the  habit  of  destruc- 
tion had  so  grown  upon  us,  that  now  that  the  time  has 
come  for  rebuilding  society,  every  effort  to  do  so  is 
withered  by  fault-finding  without  any  attempt  to  put 
forward  a  considered  alternative.  The  Institution, 
from  the  nature  of  the  profession  which  it  represents, 
has  among  its  members  a  large  body  of  educated  men 
who  have  been  taught  how  to  think,  at  least  in  their 
own  subject.  But  that  is  not  enough.  The  war  has 
taught  us  that  no  man  has  the  right  to  be  only  a  speci- 
alist, and  some  of  the  present  unrest  is  due  to  the  refusal 
of  the  wage-earner  to  be  a  specialist  for  so  large  a  part 
of  each  day  that  he  cannot  be  anything  else.  Good 
citizenship  is  as  important  as  a  man's  trade  or  profession, 
and  just  now  good  citizenship  is  essential  both  for  our 
present  and  for  our  future.  To  bodies  of  educated 
men  such  as  constitute  this  Institution,  the  nation 
must  look  for  pro^•iding  the  constructive  criticism 
essential  to  the  formation  of  that  public  opinion  which 
alone  can  enable  a  democratic  government  to  succeed 
in  creating  society  afresh.  The  phrase  "  constructive 
criticism  "  I  think  explains  itself.  It  certainly  does 
not  embrace  any  of  those  panaceas  which  in  the  terms 
of  the  quack  advertisements  are  to  cure  each  and 
everj'  disease  of  our  civilization. 

Education  and  Scientific  Research. 

It  is  the  custom  of  Britons  to  decry  their  education 
and  to  compare  it  unfavourably  with  that  of  some 
other  nations,  but  only  the  few  spend  time  and  thought 
and  money  to  remedy  agreed  defects. 

Although  a  parallel  exists  to  some  extent  in  the 
United  States,  this  country  is  the  original  home  of  the 
expensive  education  at  public  school  and  university 
which  may  cost  anything  from  ;^i,500  to  ;^3,ooo.  If 
considered  only  as  a  financial  investment,  it  may  appear 
a  poor  one,  since  boys  with  one-tenth  of  the  expenditure 
on  their  education  can  obtain  as  good  or  better  positions 
in  the  professions,  in  commerce,  or  in  industry.  But 
those  who  have  enjoj'ed  the  privilege  of  the  expensive 
British  education  with  its  many  activities,  among  which 
learning  and  scholarship  alone  seem  to  be  optional, 
realize  what  an  opportunity  it  gives  for  forming  personal 
character  and  lasting  friendships.  It  is  estimated  that 
from  5,000  to  6,000  boys  leave  our  public  schools 
annually,  of  which  not  more  than  about  1,500  proceed 
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to  the  universities.  ^Vhen  the  country'  realizes  how 
much  of  its  capital  is  spent,  the  number  of  boj-s  for 
\vhom  the  expensive  education  is  possible  wll  be  fewer, 
whereas  what  this  countrj-  requires. is  that  more  and 
more  boys  should  be  able  to  imbibe  something  of  the 
advantages  of  our  public  schools  and  of  the  university 
atmosphere  of  Oxford  and  Cambridge.  It  may  be 
possible  so  to  cheapen  university  and  even  college 
life,  that  the  traditions  and  teachings  of  the  old  universi- 
ties may  be  available  for  men  who  cannot  now  afford 
them.  Even  the  teaching  without  the  college  life  has  its 
advocates,  and  a  scheme  is  under  consideration  at 
Cambridge  by  which  students  must  be  attached  to  a 
college  though  they  reside  outside  and  onh^  take  such 
part  in  college  life  as  they  can  afford.  Among  the 
universities  without  resident  college  life  it  is  satisfactory 
to-  know  that  the  Universitv  of  London  has  decided  to 
institute  degrees  in  commerce.  The  scheme  has  been 
worked  out  b}'  the  imiversity  authorities  in  collaboration 
with  business  men,  and  efforts  are  being  made  to  raise 
half  a  million  pounds  sterling  in  order  to  endow  the 
scheme  adequately. 

The  Govemm.ent  has  undertaken  to  set  up  commissions 
to  inquire  into  the  present  position  of  both  Oxford  and 
Cambridge  Universities.  Relative  to  this  inquiry  the 
Education  Committee  of  the  Parliamentary  Labour 
Party  has  asked  that  it  may  extend  to  a  more  economical 
utilization  of  university  and  college  funds  so  that,  by 
decreasing  the  cost  of  living  in  college,  poor  men  with 
brains  may  have  as  good  a  chance  as  rich  men  without 
brains  to  profit  from  the  advantages  of  a  university 
career. 

My  excuse  for  venturing  to  touch  on  the  vexed 
question  of  school  and  university  education  is  that  it 
is  essential  to  this  Institution,  and  to  the  industr^^  it 
represents,  that  our  system.s  of  education  shall  produce 
men  capable  of  electrical  research.  We  possess  a 
Government  Department  of  Scientific  and  Industrial 
Research  with  a  grant  of  £1,000,000  and  a  budget  for 
the  present  year  of  £'56,000.  It  is  earnestly  to  be  hoped 
that  throughout  the  country  our  universities  will 
qualify  for  substantial  grants. 

There  is  a  great  difference  between  education  in  this 
countr}'  and  in  the  L'nited  States  so  far  as  its  cost  to 
the  student  is  concerned.  What  in  the  States  correspond 
to  British  public  schools  are  known  as  preparatory 
schools,  largel)^  formed  on  our  system.  But  the  free 
secondary  schools  of  the  United  States — their  public 
schools — prepare  and  send  large  nunabers  of  men  to 
their  universities  where,  as  compared  with  O.xford  and 
Cambridge,  the  cost  is  somewhere  about  in  the  ratio 
of  dollars  to  pounds  sterling.  In  this  country  a  far 
greater  proportion  of  the  cost  of  university  education 
is  paid  for  by  students'  fees,  and  nine  American 
universities  have  each  individual  incomes  exceeding 
the  sum  total  of  the  parliamentars-  grant  to  the  whole 
of  the  corresponding  universities  and  institutions  in 
the  United  Kingdom.  Yet  before  the  war,  although  the 
total  income  per  head  of  population  was  greater,  the 
external  trade  (imports  and  exports)  of  the  United 
States  per  head  of  population  was  less  than  one-third 
of  the  external  trade  per  head  in  the  United  Kingdom. 

The   Chancellor   of  the   Exchequer,   speaking   at   the 


James  Watt  Centenarj-,  said  that  university  grants 
were  to  be  increased.  It  is  obvious  that  students" 
fees  cannot  pay  for  research,  and  without  \vishing  in 
any  way  to  urge  more  State  endowment,  with  its 
corresponding  control  of  our  secondary  education,  I' 
do  wish  to  emphasize  the  fact  that  for  our  industry 
research  is  essential  and  that  workers  in  research  need 
long  and  speciaHzed  training.  It  is,  I  maintain,  one'" 
of  the  duties  of  this  Institution  to  see  that  our  universi- 
ties and  technical  schools  are  encouraged  by  suitable 
grants  to  promote  original  scientific  research.  From'' 
these  trained  scientific  research  workers  must  be  drawn 
men  capable  of  efficient  industrial  research.  Although 
things  are  improving  in  one  or  two  instances,  there  is 
little  in  the  science-teaching  in  the  schools  from  which' 
our  older  universities  are  largely  recruited,  to  stimulate 
in  boys  a  taste  for  research,  and  for  the  present  we 
must  look  chiefly  to  our  State-aided  secondarj'  schools. 
to  pro^-ide  research  workers.  Some  9,000  boys  leave 
these  schools  in  the  United  Kingdom  each  year,  and  it 
is  estimated  that  about  1,000  of  them  pass  on  to  one  or 
other  of  our  18  universities.  Even,-  influence,  indi- 
^■idual  and  collective,  must  be  exerted  by  the  Institution 
to  secure  research  students  at  these  universities  and  at 
the  technical  colleges. 

It  is  significant  of  the  widespread  understanding 
in  the  L'nited  States  of  the  importance  of  research  in 
industry,  that  last  July  the  American  Federation  of 
Labour  issued  a  manifesto  on  scientific  research  in  wliicH 
they  called  on  the  Federal  Government  to  foster  and 
support  scientific  and  technical  research  as  essential 
to  the  well-being  and  progress  of  industn,-. 

The  fear  of  government  support  for  research  in  this 
country,'  is  the  application  to  the  research  worker  of 
those  oflicial  methods  of  control  which  obtain  in  govern- 
ment departments  subject  to  the  Treasury*.  It  is  td 
be  devoutly  hoped  that  our  research  workers  are  not 
going  to  be  turned  into  ci\-il  servants.  The  ordinarr 
research  worker  can  only  specialize  in  one  subject  at 
a  time,  and  if  he  successfully  specialized  in  ci\-il  service 
he  would  lamentably  degenerate  in  research. 

Our  Education  Act  of  1918  provides  for  compulsory.' 
school  between  the  ages  of  5  and  14,  with  the  power  of 
local  authorities  to  increase  that  age  to  15.  Continuation 
schools  for  all  not  actually  being  educated  by  some 
other  agencj'  are  compulsory'  up  to  the  age  of  16,  and 
seven  years  hence  up  to  the  age  of  18.  It  is  not  too 
much  to  say  that  this  measure  opens  out  profound 
possibihties  to  our  race  as  well  as  to  our  industry,  but 
its  effect  will  not  be  felt  for  many  years  to  come,  and  it 
is  v.-ith  the  immediate  demand  for  research  workers 
that  the  Institution  is  now  concerned. 

The  W.\ge-earner  .\nd  Sportsm.\nship. 
;  The  war  has  shown  that  amor.g  the  great  assets 
possessed  by  the  British  race  is  the  sporting  instinct 
which  makes  men  and  women  put  the  admiration  for 
excellence  of  performance,  for  fair  play  and  for  chivalry, 
before  the  desire  to  win  at  all  costs. 

The  expensive  education,  through  our  public  school 
svstcm,  probatlv  develops  this  instinct  to  its  highest 
degree,  since  all  executive  control  out  of  school  hours 
is  in  the  hands  of  the  boys  themselves  with  decades  of 
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tradition  behind  them  to  lean  upon.  But  our  citizen 
arm)',  whether  educated  or  not,  was  as  full  of  the  sporting 
instinct  as  the  German  army  was  conspicuously  without 
it,  and  I  think  there  are  ample  signs. in  recent  industrial 
events,  not  excepting  the  railway  strike,  that,  in  the 
difficult  and  perilous  times  present  and  to  come,  British 
common  sense  and  the  sporting  instinct,  if  properly 
appealed  to,  will  lead  to  a  permanent  working  under- 
standing between  capital  and  labour. 

But  before  the  sportsman  in  the  wage-earner  can  be 
appealed  to,  it  is  essential  that  the  employer  should 
set  the  example.  All  business  is  founded  upon  a 
system  of  profit  and  loss,  and  one  of  the  reasons  why 
profit-sharing  schemes  are  unsatisfactory  is  that  the 
wage-earner  without  capital  cannot  afford  to  lose  and 
the  system  is  one-sided.  A  man  cannot  be  a  real 
partner  in  business  unless  he  can  afford  to  lose.  The 
ability  to  lose  as  well  as  the  ability  to  win,  is  the  essence 
of  the  sporting  instinct,  and  in  business  the  capable 
emploj'er  learns  both  as  part  of  his  daily  routine.  In 
dealing  with  trade  unions  employers  do  not  always 
remember  that  although  a  delegate  at  the  conference 
table  may  appreciate  the  justice  of  an  employer's 
view  of  the  men's  claim,  he  may  see  no  possible  way  of 
convincing  those  who  sent  him  to  make  the  claim  that 
it  is  not  fair.  The  abihty  to  lose  cheerfully  is  not  learnt 
so  readily  in  our  primary  as  in  our  public  schools, 
where  it  is  the  essence  of  school  games,  and  yet  sports- 
manship seems  always  waiting  to  show  itself  if  suitably 
encouraged. 

There  is  no  doubt  that  electrical  engineers  emplo3-ing 
labour  have  been  so  absorbed  in  the  past  in  dealing 
with  things,  and  have  given  such  an  undue  proportion 
of  their  time  to  the  solving  of  all  the  material  problems 
in  connection  with  their  work,  that  some  of  them  have 
neglected  to  study  the  essential  relationship  between 
employer  and  wage-earner  which  is  fair  dealing  on  both 
sides.  We  are  reaping  the  reward  of  this  neglect, 
which  in  many  cases  results  in  the  engineer  now  having 
to  give  all  his  time  to  dealing  with  people  and  none  of 
it  to  things.  Apart  from  any  higher  moral  code,  if 
in  dealing  with  the  wage-earner  the  employer  develops 
his  own  sporting  instinct  to  the  highest  possible  degree 
and  endeavours  to  work  upon  the  same  instinct  in  those 
with  whom  he  deals,  it  is,  I  think,  certain  that  with 
patience  and  time  the  labour  problem  in  our  industry 
will  be  solved.  What  the  solution  will  be  is  a  pure 
matter  of  speculation,  but  I  venture  to  suggest  that 
the  present  tendency  is  towards  decentralization  rather 
than  the  other  way,  and  that  collective  bargaining  for 
the  wages  of  a  large  industry  throughout  the  country 
is  bound  to  be  modified  almost  as  soon  as  made  through 
the  varied  interpretation  of  such  a  bargain  to  suit 
differing  local  conditions. 

.  Is  it  too  much  to  hope  that  the  working  of  industrial 
councils,  or  if  they  are  not  adequate,  some  other  organiza- 
tion of  the  same  sort,  may  in  due  time  put  an  end  to 
the  hundred  years'  industrial  war  in  the  new  society 
which  we  have  all  to  help  construct  ? 

From  men  and  women  weary  of  the  war  and  overwork, 
impatience  is  to  be  expected,  but  the  assumption  that 
the  mistakes  of  three  generations  can  be  put  right  in 
a  few  months  is  fatal  to  any  well-considered  and  lasting 


settlement.  Time  and  sportsmanship  are  on  the  side 
of  common  sense,  and  for  the  electrical  manufacturing 
industry  it  is  satisfactory  that  the  employers'  federations 
have  been  in  existence  for  many  years  and  are  disciplined 
bodies.  As  industrial  councils  or  their  equivalent  are 
formed,  it  is  hoped  that  they  will  be  permitted  to  deal 
with  all  matters  of  principle  in  the  relations  between 
employers  and  employed,  but  we  mus't  look  to  the 
working  out  of  detail  not  for  an  entire  industry,  but  in 
each  individual  shop  through  its  shop  committees. 

It  is  to  be  feared  that  no  system  of  instruction,  how- 
ever expensive,  or  however  subsidized  and  controlled, 
can  be  expected  to  teach  common  sense.  If  it  could, 
our  industrial  labour  problems  would  be  quickly  solved. 
Unfortunately,  some  academic  learning  is  directly 
opposed  to  common  sense,  and  the  modern  habit  of 
delegating  everything  requiring  thought  to  large  com- 
mittees does  not  lead  to  common-sense  results.  Short 
of  possessing  the  heaven-sent  gift  of  common  sense, 
which,  like  beauty,  defies  definition  but  is  often  instinc- 
tively recognized  by  the  simple  as  well  as  by  the  cultured, 
the  ability  to  recognize  common  sense  in  others  can 
be  acquired. 

Such  contact  as  I  have  had  with  my  fellow  count;:y- 
men  generally,  and  with  the  wage-earner  in  particular, 
has  convinced  me  recentlj',  as  it  has  convinced  many 
far  better  qualified  to  judge,  that  the  gift  of  common 
sense  is  much  more  general  than  I  once  thought  it  to 
be.  If  I  am  right,  we  have  not  much  to  fear.  Its  great 
enemy  is  personal  vanitj',  and  the  possession  of  personal 
vanity  in  either  employer  or  wage-earner,  or  often  in 
both,  is  a  very  frequent  obstacle  to  the  settlement  of 
disputes,  as  well  as  the  prime  cause  of  most  of  them. 

The  Work  of  the  Institution. 

In  his  Address  two  years  ago  *  the  retiring  President 
outlined  a  comprehensive  programme  for  the  work  of 
the  Institution,  and  early  last  year  he  reported  progress 
to  the  territorial  centres. f  Although,  in  spite  of  the 
many  handicaps  to  accomplishment,  much  of  that 
programme  has  been  carried  out,  there  remains  more 
than  enough  still  requiring  discussion  and  consideration 
in  the  present  session. 

Conditions  are  so  changing  ;  the  expectation  of 
rapid  industrial  expansion  after  the  signing  of  Peace 
has  been  so  little  realized  ;  the  problems  of  recon- 
struction are  so  many  and  so  conflicting  ;  and  the 
provisions  of  the  Electricity  Bill  should  it  become  an 
Act  are  so  far-reaching,  that  the  Institution  must  be 
in  a  position  to  defer  any  part  of  its  programme  not 
intimately  bound  up  with  any  or  all  of  these  con- 
siderations, and  be  ready  to  give  its  whole  energies  to 
meeting  each  circumstance  as  it  arises. 

Brief  reference  must,  however,  be  made  to  one  or 
two  items  in  the  1918  programme,  which  may  form  a 
necessary  or  important  part  of  reconstruction. 

British    Engineering    Standards    and    Electrical 
Proving  House. 

The  question  of  an  Electrical  Proving  House  has  been 
fully  discussed  within  the  Institution.     It  is  to  be  hoped 

*  Journal  /.£.£.,  1918,  s-ol.  56,  p.  i, 
t  Ibid,,  1919,  vol.  57,  p.  338. 
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that  manufacturers  and  traders  in  our  industry  will 
discuss  it  as  a  business  proposal.  I  do  not  think  too 
sanguine  a  view  can  be  taken  of  the  importance,  both 
to  our  home  and  our  foreign  trade,  of  the  standard 
specifications  of  the  British  Engineering  Standards 
Association.  Reproduced  in  several  languages,  they 
form,  for  such  sections  of  engineering  work  as  are  at 
present  dealt  with,  standards  which,  if  complied  with, 
are  a  hall-mark  of  British  material  or  performance. 
But  it  must  always  be  clearly  reahzed  that  no  force 
other  than  goodwill  stands  behind  these  standards  to 
compel  their  acceptance,  and  they  have  mercifully 
been  preserved  from  the  attentions  of  D.O.R.A.  In 
their  framing  manufacturers  and  users  alike  take  part, 
but  no  specification  or  standard  is  issued  unless  the 
manufacturers  both  desire  and  approve  of  it,  and  it 
rests  with  the  manufacturers  not  only  to  comply  with 
the  standard  specifications  when  the  users  ask  for  it, 
but  to  educate  the  public  to  demand  British  standard 
materials  or  articles,  not  only  in  the  British  Isles  but 
in  the  Dominions  and  m  foreign  countries. 

It  is  this  education  of  the  user,  by  manufacturers 
and  their  agents,  to  reahze  that  it  is  to  their  advantage 
to.  ask  for  a  British  standard  article  rather  than  one 
that  is  not  standard,  which  is  one  of  the  really  important 
matters  of  reconstruction,  and  in  no  industry  is  it  more 
important  than  in  the  electrical  industry',  because  the 
work  of  the  Intemarional  Electrotechnical  Commission 
which  we  welcomed  in  London  last  month,  has  already 
secured  a  large  measure  of  international  agreement  in 
fundamental  electrical  standards  upon  which  national 
standard  specificarions  have  been  and  are  being  founded. 

Obviously  by  the  time  this  education  of  the  public 
bears  fruit,  it  will  be  a  great  advantage  to  have  a 
Proving  House  to  say  authoritatively  if  materials  or 
manufactured  articles  comply  with  the  British  Standards 
or  not.  It  is  conceivable  that  the  Pro\'ing  House  might 
in  time  extend  its  functions  to  testing  and  certifying 
that  materials  or  articles  comply  with  electrical  engi- 
neers' specifications,  but  unless,  as  in  so  many  previous 
cases,  there  is  to  be  waste  of  time,  money  and  energy,', 
due  to  an  attempt  to  make  the  functions  of  this  new- 
body  overlap  those  of  other  existing  bodies,  and  to 
launch  out,  as  has  been  suggested,  into  scientific  re- 
search, technical  education,  and  the  work  of  the 
consulting  engineer,  its  duties  must  to  begin  with  be 
strictly  and  rigidly  confined  to  certif>ang  compliance 
or  otherwise  with  the  standards  and  specifications 
of  the  Electrical  Section  of  the  British  Engineering 
Standards  Association. 

It  is  too  early  to  consider  how  far  the  \-iews  just 
expressed  are  in  agreement  with  those  of  the  Govern- 
ment, but  it  will  be  of  interest  to  repeat  here  an  extract 
from  the  proposals  and  decisions  of  the  Government 
issued  by  the  Prime  IVIinister  on  the  22nd  August  last : — 

Standardization. — "  There  is  growing  recognition 
of  the  importance  for  the  future  of  British  industry 
of  the  principle  and  practice  of  standardization, 
but  so  far  the  State  has  done  little.  It  is  proposed 
to  set  up  at  the  Board  of  Trade  a  Department  of 
Standards,  (1)  to  promote  and  co-ordinate  standard- 
ization generally,  and  (2)  to  establish  and  administer 


such  testing  institutions  as  may  be  found  necessary, 
and  authorize  and,  so  far  as  may  be  required,  super- 
vise the  testing  work  carried  out  by  technical  institu- 
tions, trade  organizations,  or  private  concerns." 

Patent  Law. 
Another  matter  affecting  our  industry  very  closely 

!  is  the  Patent  Law.  Before  last  year's  government 
Patent  Bill  was  dropped,  the  adoption  by  most  of  the 

!  interested  bodies  of  the  report  drawn  up  by  the  Instita- 
tion  Committee  under  the  chairmanship  of  Mr.  Mordey, 
enabled  the  patentees'  case  to  be  put  before  the  Board 

'   of   Trade   with   great   force.     In    the    Bill   now   before 

i  Parhament  which  passed  the  House  of  Commons  before 
the  recess,  but  still  awaits  its  passage  through  the 
House  of  Lords,  it  is  to  be  regretted  that  the  conclusiwis 

I  of  this  Committee  have  not  been  embodied.  Before- 
the  1919  Bill  becomes  an  Act  it  is  to  be  hoped  that 
some  of  the  disabilities  under  which  the  genuine  inventoB- 
has  laboured  in  the  past  will  have  been  removed  by 
amendments. 

Sister  Institutions. 

As  an  example  of  the  Institution's  co-operation  witt 
other  bodies,  a  passing  reference  may  be  made  to  the 
Institution's  share  in  the  formation  of  the  new  Society 
of  Radiographers  for  securing  the  efficient  training  and 
registration  of  lay  helpers  in  radiography.  This  Society, 
as  already  referred  to  by  our  retiring  President  in  his 
Address  to  the  Territorial  Centres,  has  been  formed 
in  happy  conjunction  with  the  British  Association  of 
Radiography  and  Physio-therapy. 

It  is  gratifying  to  learn  that  arrangements  have  beeis 
made  by  the  medical  profession  for  the  granting  of  a>^ 
diploma  by  Cambridge  University  in  the  subjects  of: 
Radiology  and  Electrology  for  medical  men  engaged. 
in  this  class  of  work.  It  is  hoped  eventually  to  develop- 
an  educational  scheme  ia  teaching  centres  throughoutr 
the  country-,  as  well  as  in  the  chief  hospitals,  in  order 
to  train  men  for  tliis  diploma.  In  this  way  it  is  intended 
to  raise  the  status  of  medical  men  practising  these 
branches  of  medicine  in  which  electrical  science  plays 
an  important  part. 

I  hope  this  method  of  co-operation,  in  which  each 
body  does  its  own  work  without  overlapping,  may 
form  a  precedent  for  co-operation  in  the  imperially 
important  matter  of  our  relations  with  engineering 
societies  in  the  Dominions  and  in  India.  Trustworthy 
prophets  predict  great  industrial  developments  in  Canada 
\vithin  the  next  10  years  in  which  electricity'  will  play 
a  large  part,  and  if  from  natural  causes  similar  develop- 
ments in  South  Africa,  Austraha,  and  New  Zealand 
are  neither  on  so  great  a  scale  nor  so  rapid,  each  Dominion 
will  soon  be  creating  its  o^vn  technical  societies.  I 
hope  when  that  time  comes  this  Institution  will  hold 
I  out  the  right  hand  of  fellowship  and  help  our  younger 
I   sister  nations  in  every  possible  way. 

In  India  an  excellent  beginning  has  been  made.  As 
a  result  of  the  report  of  the  Indian  Industries  Commissioo 
early  this  year,  the  Indian  Society  of  Engineers  was 
formed  to  include  all  branches  of  the  profession.  At 
its  inauguration  it  was  promised,  and  has  since  received, 
'   the  support  of  the  Indian  Government,  and  the  Public 


SMITH  :    INAUGURAL   ADDRESS. 


Works  Department  supply  a  large  number  of  its  members. 
.This  Institution  is  represented  on  the  Organizing  Com- 
.mittee  by  its  Honorarj-  Secretary  in  India  and  by  an 
ordinarj'  member.  The  first  meeting  will,  I  understand, 
be  held  at  Delhi  some  time  in  December  of  tliis  year 
under  the  Viceroy's  presidency,  and  we  wish  all  success 
.to  the  new  Society,  hoping  that  this  Institution  will 
never  lose  touch  with  its  electrical  members,  and  that 
when  the  Indian  Society  of  Engineers  has  settled  down, 
.many  ways  may  be  found  by  which  our  Council  may 
assist  its  electrical  members  from  this  side  in  various 
directions  that  may  advance  the  profession  in  both 
countries. 

The  Institution  is  to  be  congratulated  on  the  forma- 
tion last  session  of  a  AMreless  Sectional  iMeetings  Com- 
mittee to  deal  with  radio-telegraphic  and  liigh-frequency 
engineering.  Although  the  Committee  only  met  for 
the  first  time  in  the  middle  of  last  Februarv,  three  im- 
portant papers  by  soldiers  who  had  largely  helped  in 
the  development  of  wireless  during  the  war  were  read 
during  last  session. 

The  Railway  Electrical  Engineer. 

The  new  conditions  arising  from  the  Ministrj^  of 
Transport  Act  and  the  Electricity  Bill,  when  it  becomes 
an  Act,  obviousl}-  affect  the  use  of  electricity  b}^  railwaj^s, 
both  for  traction,  for  power,  and  for  lighting. 

Electrical  development  on  railways  there  is  bound 
to  be,  not  only  on  account  of  its  advantages,  but  be- 
■cause  the  use  of  electricitj-  for  many  purposes  is  becoming 
the  fashion.  Should  the  amount  of  electrical  engi- 
neering carried  out  by  the  railways  increase  considerably, 
it  is  of  importance  to  everj-body  that  such  work  should 
be  carried  out  and  maintained  by  electrical  engineers 
of  standing  in  the  profession. 

Electric  traction,  and  the  application  of  electrical 
machinery  to  all  sorts  of  railway  requirements  and 
the  handling  of  goods  at  ports  and  in  goods  stations 
and  yards,  are  still  largely'  pioneer  work  requiring  a 
sound  engineering  training  and  a  high  order  of  mental 
attainment.  No  engineer  ought  to  be  responsible  in 
fact  for  carrying  out  work  involving  many  hundreds 
of  thousands  or  even  millions  of  pounds,  unless  he  is 
also  responsible  in  title. 

The  construction  of  railways  by  the  civil  engineer, 
and  their  equipment  by  the  mechanical  engineer,  have 
been  carried  out  by  men  standing  high  in  their  profession, 
to  whom  the  spending  of  large  sums  of  money  and 
the  design  of  the  w^ork  could  be  safely  entrusted.  This 
has  become  a  railway  tradition,  and  unless  that  tradition 
is  to  be  broken  in  electrical  engineering,  the  work  ought 
not  to  be  wholly  designed  and  carried  out  either  by  a 
consulting  engineer  or  by  the  designing  staff  of  a  selected 
contractor. 

Railway  electric  traction  and  the  design  of  electrical 
machinery  for  dealing  with  goods  and  goods  wagons 
require  as  much  slcill  and  training  as  any  work  falling 
to  the  lot  of  the  electrical  engineer.  If  therefore  the 
railway  engineering  tradition  is  to  be  continued  the  man 
respoasible  for  the  design  and  maintenance  of  railway 
.electrical  work  must  be  a  first-class  man,  and  no  first- 
class  man  will  long  be  content  to  be  a  subordinate  in 
another   department.     It   is    to    be   hoped    that    every 


railway  carrying  out  important  electrification  schemes 
will,  if  it  has  not  done  so  already,  create  an  electrical 
department  for  the  purpose. 

Railway  Structure  Gauge. 

Sir  John  Aspinall  a  year  ago  in  his  address  as  President 
of  the  Institution  of  Civil  Engineers  expressed  the 
view  that  the  pressing  question  to  be  faced  on  British 
railways  was  that  of  the  increase  in  the  structure  gauge. 

The  structure  gauge  determines  the  loading  gauge 
which  fixes  the  greatest  cross-section  of  the  rollirfg  stock 
and  anything  it  ma}'  carrj'.  Sir  John  pointed  out  that 
there  are  66  different  loading  gauges  on  British  railways. 

Since  without  increase  in  our  structure  gauge  foreign 
rolling  stock  could  not  run  over  our  railways,  and  that 
our  limited  and  various  structure  gauges  were  the  main 
difficulty  in  the  way  of  improvement  in  all  sorts  of 
directions  making  for  economy  in  transport  and  in 
the  standardization  of  rolling  stock  including  locomotives, 
Sir  John  Aspinall  urged  that  it  was  a  national  matter 
and  that  the  structure  gauge  should  be  increased  through- 
out the  countrj'  at  the  national  cost. 

Should  this  matter  be  undertaken  by  the  Ministry 
of  Transport  it  is  hoped  that  provision  for  the  overhead 
equipment  of  railways  for  electric  traction  will  not  be 
overlooked.  The  various  considerations  urged  by  Sir 
Jolin  Aspinall  for  increasing  the  structure  gauge  may 
not  essentially  apply  to  an  increase  in  height.  But 
low  overhead  structures — tunnels,  bridges,  station  roofs 
and  the  like — have  always  hampered  the  fixing  of 
overhead  electric  conductors  for  traction  and  it  is  im- 
portant in  considering  the  general  case  that  this  should 
not  be  left  out. 

Strength  of  Draw  Gear  and  Traders'  Wagons. 

The  electrification  of  railways  crossing  mountain 
ranges  in  the  United  States  and  elsewhere  have  shown 
the  ability  of  the  electric  locomotive  to  haul  heavier 
mineral  and  goods  trains  up  grades  at  higher  speeds 
and  with  fewer  locomotives  than  with  the  steam  loco- 
motive. 

In  this  connection  a  matter  of  great  importance  is 
the  decision  under  the  Ministry  of  Transport  Act  to 
acquire  traders'  wagons,  which  roughh-  form  half  of  the 
1,250,000  wagons  in  use  on  our  railways.  Privately 
owned  wagons,  of  wlrich  it  is  estimated  that  90  per 
cent  are  coal  wagons  of  from  10  to  12  tons'  capacity, 
are  built  to  a  specification  issued  b}'  the  Railway  Clearing 
House.  Draw  gear  is  supposed  to  be  tested  to  50  tons 
and  to  be  worked  at  12^  tons  and  to  be  maintained 
at  that  strength,  but  the  frequent  breaking  of  couplings 
at  much  lower  draw-bar  pulls  show  that  this  is  not 
done. 

If  heavier  goods  trains  and  especially  mineral  trains 
are  to  be  hauled  by  electric  locomotives  at  increased 
speeds,  the  strength  of  the  draw  gear  on  all  wagons 
must  be  increased,  and  maintained  at  that  increased 
strength,  wliile  continuous  brakes  must  be  fitted  to  the 
fast  mineral  trains,  which  is  obviously  not  a  requirement 
that  could  have  been  imposed  on  the  trader  o\\Tiers. 

Within  the  limitations  of  the  present  structure 
gauges  and  the  strength  of  bridges  the  greatest  dimen- 
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sions  of  the  steam  locomotive  which  determine  hauling 
capacity  have  been  reached,  but  that  capacity-  on  at 
least  one  railwav  amounts  on  the  level  to  a  i, 600-ton 
load  (inclusive  of  wagon  weight)  at  a  high  speed.  If 
consisting  of  10-  or  12-ton  wagons  such  a  load  would 
be  formed  by  about  100  wagons  and  the  train  exceed 
one-third  of  a  mile  in  length.  'Should  the  structure 
gauge  be  increased,  the  power  of  the  steam  locomotive 
could  also  be  increased  and  the  limitation  of  weight  of 
train  which  could  be  hauled  would  be  more  emphati- 
cally than  it  is  now  the  strength  of  the  wagon  draw 
gear  and  not  the  capacity  of  the  steam  locomotive, 
which  has  only  reached   its  limit  on  gradients. 

Tiiere  is  a  further  limitation  to  the  maximum  length 
of  mineral  or  goods  train  which  can  be  hauled  in  the 
.  length  of  lay-bj-  and  reception  sidings.  Many  of  these 
are  made  for  only  60  or  at  most  80  wagons,  and  it  is 
earnestly  to  be  hoped  that  in  laying  out  new  reception 
sidings  and  especially  "  hump  yards,"  where  the  sorting 
of  wagons  is  done  by  gra^^t^^  the  importance  of  accom- 
modating trains  of  at  least  100  wagons  or  more  in  length 
will  be  recognized,  if  the  electrification  of  goods  lines 
is  to  be  profitable. 

■  Only  some  of  the  conditions  at  present  limiting  the 
use  of  long  and  hea\'5-  goods  and  mineral  trains  at  high 
speeds  have  been  briefly  stated.  Small-capacity  coal 
wagons  limit  the  train  load  very  greatly,  but  where 
wagons  have  to  pass  under  a  coal  screen  in  order  to 
load,  very  few  collieries  in  the  country  have  screens 
high  enough  to  take  more  than  the  10-  or  12-ton  wagon. 
Enough  has  been  said  to  suggest  that  in  this  countrj^ 
unlike  the  United  States,  many  things  have  to  be 
changed  before  electric  traction  can  assert  its  full 
advantage  in  hauling  hea^^er  goods  trains,  though 
increased  speeds  could  be  obtained  at  once.  And 
these  changes  will  take  years  to  carry  out. 

Economics  of  Railway  Electric  Tr.^ction. 

If,  then,  mineral  and  goods  traffic  is  to  be  hauled 
electrically  under  present  conditions  of  size  of  wagon, 
strength  of  draw  gear  and  capacity  of  sidings,  it  must 
be  because  it  is  more  economical  in  the  cost  of  haulage, 
and  the  same  applies  to  passenger  traffic  which  is 
without  these  limitations. 

There  is,  however,  an  exception  to  be  made  to  the 
abo\e  statement  in  the  case  of  mineral  traffic  down 
valleys  where  gradients  are  steep.  This  is  the  case  of 
the  Shildon  and  Newport  mineral  hne  electrified  by 
the  North-Eastem  Railwaj-: 

In  such  cases  the  maximum  hauling  capacitj'  of  the 
steam  locomotive  is  not  sufficient  since  the  train  of 
full  wagons  which  came  down  the  grade  may  ha\'e  to 
be  di\-ided  into  two  or  even  three  trains  of  empties 
before  these  can  be  taken  up  the  grade.  The  saA-ing  in 
locomorives,  in  locomotive  crews,  and  in  time  far  exceeds 
any  sa\dng  in  cost  of  haulage,  and  railwaj'S  may 
confidently  embark  on  the  electrification  of  mineral 
lines  with  steep  gradients  even  when  electricitj-  is 
not  cheap. 

The  steam  locomotive  which  can  haul  1,600  tons  on 
the  level  cannot  haul  one-third  of  this  load  up  a  gradient 
of  I  in  50  at  a  convenient  speed,  while  within  the  same 
load  gauge  an  electric  locomotive  can  be  made  to  haul 


the  1,600  tons  up  1  in  50,  or  if  need  be  double  this 
load,  provided  the  draw  gear  is  strong  enough. 

Electrical  engineers,  and  others,  not  engaged  on 
railways  are  at  times  liable  to  foi-get  that  railways 
are  not  run  by  the  engineering  but  by  the  traffic 
department.  The  traffic  department  has  gradually 
built  up  its  requirements  to  suit  the  needs  of  the 
travelhng  pubHc  and  the  trader,  and  it  is  those 
requirements  that  the  engineer  has  to  meet. 

In  many  directions  electric  traction  pro\-ides  entirely 
new  possibilities  which  the  traffic  department  has  yet 
fully  to  reahze.  To  make  use  of  these  new  methods 
the  traffic  department  has  first  to  adapt  its  ideas  and 
habits  to  the  changed  conditions  and  next  to  carry 
the  travelhng  public  and  the  trader  with  it.  Ko  small 
measure  of  imagination  is  required  by  a  railwaj-man  to 
grasp  quite  new  conditions  of  ser^ice  and  to  do  so 
with  the  enthusiasm  of  the  propagandist. 

Main  Line  Electiufication. 

In  discussing  the  economies  of  electric  traction  on 
railways  I  propose  to  consider  only  the  locomotive 
and  the  train  it  hauls,  to  analj-se  its  running  costs 
\\"ith  steam  and  to  see  if  electricity^  can  introduce 
such  economies  in  working  costs  as  to  warrant  its  use. 
Until  the  new  possibihries  with  electric  traction  are 
understood  and  gradually  adopted  no  appreciable 
alteration  to  traffic  costs  is  to  be  expected,  and  in 
the  following  analysis  traffic  costs  will  be  taken  as 
unaltered. 

Consider  the  question  of  superseding  the  steam  loco- 
motive by  the  electric  locomotive  both  for  passenger 
and  for  goods  ser\ices  throughout  the  railways  of  Great 
Britain. 

^^'hen  supplied  bj-  electricity  from  central  stations  using 
modern  large  turbo-alternators  enjo^ang  such  diversity 
of  load  that  the  power  factor  is  above  30  per  cent,  the 
coal  burnt  m  the  furnaces  of  the  boilers  to  produce  a 
given  hauhng  effect  on  the  railway  by  means  of  an  electric 
locomotive  is  at  most  40  per  cent  of  the  coal  burnt  in 
the  furnace  of  a  steam  locomotive  to  achieve  the  same 
result.  To  a  nation  which  has  largely  paid  for  its  im- 
ported food  bj-  its  exported  coal  and  has  built  up  all  its 
manufactures  and  most  of  its  trade  on  the  foundation 
of  cheap  coal,  I  need  not  remind  you,  now  that  coal 
has  ceased  to  be  cheap,  how  important  the  saving  on 
the  railways  of  between  7  and  8  milhon  tons  of  coal 
each  j-ear  would  be  could  it  be  achieved. 

It  has  been  roughly  estimated  that  to  electrify  all  the 
railways  in  Great  Britain  would  cost  some  ;^30o,ooo,ooo, 
and  if  coal  ever  rose  to  45s.  per  ton  the  saving  of  7,000,000 
tons  per  annum  would  of  itself  pay  5  per  cent  on  the 
investment. 

The  last  statistics  published  by  the  railways  under 
the  Railway  Accounts  and  Returns  Act  191 1  were  for 
1913.  If  in  these  returns  the  working  costs  per  steam 
locomotive  are  compared  for  several  large  railways 
running  more  than  12,000  passenger,  goods  and  mineral 
train-miles  for  each  mile  of  route  over  which  the  loco- 
motives of  each  railway  work,  it  is  found  that  these  costs 
are  very  similar.  Average  costs  for  one  t}.-pical  main- 
line railwav  are  therefore  a  rough  indication  of  the 
costs  for  the  others.     They  may,  however,  be  quite  mis- 
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leading  for  railways  whose  traffic  is  mainly  passenger 
or  for  railways  where  goods  or  mineral  traffic  largely 
predominate. 

The  figures  in  the  analysis  which  follows  have  little 
intrinsic  value  m  themselves  but  ifidicate  tendencies, 
and  that  is  all  that  is  claimed  for  them. 

On  the  typical  railway  chosen  there  are  roughly  50 
per  cent  more  passenger-train  miles  than  goods-train 
miles  run  and  twice  as  many  goods  locomotives  as 
passenger  locomotives  used  to  run  them. 

The  cost  of  running  a  passenger  locomotive  in  191 3 
averaged  over  the  year  and  the  railway  was  /1.240. 
Of  this  amount  superintendence  ;  lubricants,  small 
stores  and  miscellaneous  ;  repairs,  renewals  and  de- 
preciation ;  togetiier  with  interest  at  5  per  cent  on 
the  cost  of  the  locomotive  amounted  to  £y9io  and  coal 
and  water  to  £-^(>o,  which  is  37I  per  cent  of  the 
whole. 

The  average  number  of  passenger-train  miles  hauled 
by  each  locomotive  per  annum  was  27,000  and  the  cost 
per  train-mile  for  coal  and  water  was  4d.  and  for  the 
other  items  7d.,  making  a  total  per  train-mile  of  iid. 

The  cost  of  running  a  goods  locomotive  in  1913 
averaged  over  the  year  and  the  railway  was  ;^i,020. 
Of  this  amount  superintendence  ;  lubricants,  small 
stores  and  miscellaneous  ;  repairs,  renewals  and  de- 
preciation ;  together  with  interest  at  5  per  cent  on 
the  cost  of  the  locomotive  amounted  to  ;^770  and  coal 
and  water  to  ;^250,  which  is  24J  per  cent  of  the  whole. 

The  average  number  of  goods-train  miles  hauled  by 
each  locomotive  per  annum  was  10,000,  and  the  cost 
per  train-mile  for  coal  and  water  was  6d.  and  for  the 
other  items  is.  7d.,  making  a  total  per  train-mile  of 
2S.  o|d. 

During  the  present  year  the  cost  of  coal  has  increased 
by  148  per  cent,  and  all  the  other  items  making  up  the 
working  costs,  except  interest,  have  been  increased  by 
percentages  ranging  from  120  to  212,  so  that  now  the 
working  cost  of  the  train-mile  for  passenger  service  is 
2S.  od.  and  the  working  cost  of  the  train-mile  for  goods 
and  mineral  service  is  4S.  8d. 

Experience  in  America  and  elsewhere  has  shown  that 
the  annual  passenger-train  miles  per  locomotive  would 
be  increased  from  27,000  with  steam  to  at  least  40.000 
with  electricity,  and  the  annual  goods-train  miles  per 
locomotive  would  be  increased  from  10,000  to  at  least 
20,000.  Taking  these  minimum  increases  and  assuming 
also  that  the  total  of  all  the  working  costs  other  than 
coal  and  water  were  the  same  as  for  steam,  which  is 
not  in  favour  of  the  electric  locomotive,  these  items 
come  to  lod.  for  the  electric  locomotive  passenger- 
train  mile  and  to  is.  8d.  per  electric  locomotive 
goods-train  mile. 

Subtracting  these  costs  from  the  total  steam-train 
mile  costs  of  2S.  od.  and  4s.  Sd.  respectively  for  passenger 
and  goods  service,  there  is  left,  per  electric  locomotive 
train-mile,  is.  2d.  for  passenger  service  and  3s.  od.  for 
goods  service  to  pay  for  electricity  and  also  to  pay 
interest  on  the  cost  of  the  electric  locomotives  and  of 
the  electrical  equipment — substations,  the  track  con- 
ductors, section  switches  and  bonding  of  the  rails. 

Considering  first  the  interest  on  the  capital  required 
lor  electrical  equipment,  Mr.  F.  W.  Carter  in  a  recent 


communication  to  the  Press  *  estimates  that  with  high- 
pressure  direct-current  equipment  the  cost  of  electri- 
fying a  railway  where,  as  in  Great  Britain,  there  is  on 
the  average  one  steam  locomotive  per  mile  of  route 
(which  is  the  case  for  the  type  of  railway  considered) 
is  approximately  double  the  cost  of  the  electric  loco- 
motives required.  He  also  states  that  the  cost  of  an 
electric  locomotive  is  2i  times  the  cost  of  the  steam 
locomotive  for  equal  draw-bar  pull  and  speed. 

The  average  capital  cost  this  year  of  a  steam  loco- 
motive may  be  taken  as  ;{7,ooo,  so  that  for  each  electric 
locomotive  required  on  ,  the  railway  its  capital  cost, 
together  with  that  of  the  electrical  equipment  of  the  line 
exclusive  of  power  house  and  high-pressure  transmission, 
will  to-day  be  some  ;^35,ooo. 

In  that  figure  no  credit  has  been  taken  for  displaced 
steam  locomotives,  nor  on  the  other  hand  does  it  in- 
clude anything  for  structural  alterations  which  it  has 
been  already  urged  should  be  made  at  the  cost  of  the 
State  since  much  larger  interests  than  electrification 
are  involved. 

If  the  revenue  earned  by  the  train  mileage  hauled  by 
each  electric  locomotive  has  to  pay  interest  at  5  per 
cent  on  the  capital  cost  of  the  equipment,  then  each 
passenger  locomotive  hauling  40,000  train-miles  per 
annum  must  earn  io|d.  per  tram-mile  and  each  goods 
locomotive  hauling  20,000  train-miles  per  annum  must 
earn  is.  Qd.  per  train-mile  to  pay  interest  on  electrical 
equipment  including  locomotives. 

The  earnings  for  both  interest  and  electricity  were 
per  passenger-train  mile  is.  2d.  and  per  goods-train 
mile  3s.,  consequently  each  passenger  electric  locomotive 
has  3|d.  and  each  goods  electric  locomotive  has  is.  gd. 
left  per  train-mile  for  electricity. 

I  shall  show  later  on  that  where  in  this  country  rail- 
ways generate  their  own  electricity  the  annual  one-hour 
load  factor  (i.e.  the  maximum  load  averaged  over  one 
hour)  does  not  exceed  40 -per  cent  except  in  one  special 
and  unique  instance.  If,  however,  railways  can  obtain 
electricity  from  power  stations  with  great  diversity 
of  load  reaching  a  maximum  value  of  not  less  than 
50,000  kw.,  it  may  be  possible  to  generate  with  a  load 
factor  of  about  50  per  cent,  and  under  these  conditions 
even  at  recent  prices  electricity  for  traction  should 
be  able  to  be  bought  for  jd.  per  kw.-hour  at  the  gener- 
ating station. 

At  this  price  the  3  Jd.  and  is.  3d.  available  respectively 
per  passenger  and  goods  electric  locomotive  will  provide 
7  kw. -hours  per  passenger-train  mile  and  30  kw.-hours 
per  goods-train  mile. 

Assuming  40  watt-hours  per  ton-mile  as  an  average 
for  passenger  service,  the  average  weight  of  passenger 
train  including  the  locomotive  would  be  only  175  tons. 

Assuming  30  watt-hours  per  ton-mile  as  an  average 
for  goods  service,  the  average  weight  of  goods  train 
including  the  locomotive  would  be  1,000  tons. 

The  assumptions  made  in  this  analysis  are  numerous 
and  doubtless  controversial,  but  for  the  type  of  railway 
taken  they  are  the  same  for  the  passenger  and  for  the 
goods  electric  locomotive  with  the  exception  of  the  annual 
train-miles  worked,  for  which  we  must  go  abroad  for 

*  F.  W.  Carter  :  "  Electrification  of  British  Railways,"  EUctrical  Keviezt 
1919,  vol.  85,  pp.  68  and  121. 
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our  figures.  It  is  for  the  traf&c  department  to  say 
what  average  weight  of  train  would  be  required  to  be 
hauled  by  an  electric  locomotive,  but  in  order  to  earn 
the  present  revenue  per  train-mile  the  average  passenger 
train  including  its  locomotive  should  be  more  nearly 
275  than  175  tons,  while  the  goods  train  of  1,000  tons 
is  of  course  much  heavier  than  is  hauled  in  this  country 
as  an  average. 

It  has  been  already  pomted  out  that  this  analysis 
only  indicates  tendencies,  but  I  think  it  may  be  claimed 
that  basing  the  working  costs  of  each  kind  of  locomotive, 
steam  and  electric,  on  the  average  tram-miles  hauled 
in  a  year,  and  placing  the  known  increase  in  train-miles 
hauled  by  an  electnc  locomotive  at  reasonable  figures 
for  passenger  and  goods  respectively,  the  passenger 
electric  locomotive  might  have  difficulty  in  earning 
sufficient  revenue  to  meet  all  present  charges  and  have 
enough  to  spare  to  pay  for  electricity  and  for  interest 
on  the  electrical  equipment,  while  the  goods  locomotive 
could  much  more  than  do  so,  provided  in  both  cases 
electricity  is  bought  or  produced  bv  the  railway  at  ^d. 
per  kw.-hour  at  the  generatmg  station.  I  must,  however, 
insist  once  more  that  m  an  analysis  of  tliis  sort  the 
actual  conclusion  come  to,  which  is  in  the  form  of  the 
weight  of  passenger  train  and  of  goods  train  (including 
the  locomotive)  that  can  be  hauled  for  the  same  working 
expenses  now  necessary  for  steam  traction,  has  no 
intrinsic  value  and  if  applied  to  any  individual  case  might 
be  most  misleading.  All  that  the  figures  show  is  that 
in  a  typical  case  for  the  same  working  expenses  now 
incurred  by  steam  traction,  electrification  is  more  in 
favour  of  goods  haulage  than  of  passenger  haulage,  and 
among  the  railway  economies  necessary  to  pay  the 
enormously  increased  working  expenses  the  electrifi- 
cation of  goods  and  especially  of  mineral  lines  ought 
to  receive  due  consideration. 

Present  Use  of  Electricity  by  British  Railways. 

With  the  exception  of  the  18  route  miles  of  mineral 
line  already  referred  to  between  Shildon  and  Newport 
which  has  been  electrified  by  the  ISTorth-Eastern  Railway 
with  great  success,  all  the  electrified  railways  in  this 
country  are  of  the  suburban  type  m  that  they  are  worked 
on  the  multiple-unit  system,  each  unit  consisting  of  a 
motor  coach  hauling  or  pushing  one,  two  or  three  trailers, 
these  units  being  made  up  into  trains  of  any  length 
required  to  suit  the  traffic  conditions,  capable  of  being 
driven  from  either  end  whatever  the  formation  may  be. 

The  feature  of  all  suburban  electrification  replacing 
existing  steam  haulage  has  been  first  to  restore  a  de- 
creasing traffic,  in  cases  where  it  had  decreased,  and  then 
to  increase  the  traffic.  Figures  for  several  such  cases 
have  been  published  and  I  only  propose  to  add  some 
particulars  given  me  by  Sir  Herbert  Walker  for  the 
London  and  South- Western  electrified  suburban  system. 
The  length  of  route  electrified  is  49  miles  and  the  length 
of  single  track  is  152  miles. 

A  diagram  showing  the  number  of  passengers  carried 
during  seven  12-monthly  periods  will  be  found  on 
page  10.  I  here  propose  to  summarize  the  figures. 
Between  1913  and  1915  the  total  number  of  passengers 
carried  annually  by  steam  trains  fell  from  25,000,000 
to    23,300,000,    or    7    per    cent.       The    first    electrified 


section  stcirted  in  October  1915  and  the  number  of  passen- 
gers carried  in  1916  showed  an  increase  of  26  per  cent 
over  the  previous  year.  In  191 7,  when  the  programme 
of  electrification  was  complete,  the  number  of  passengers 
carried  showed  an  increase  of  41  per  cent  over  1915, 
and  during  1918  an  increase  of  73  per  cent  over  1915. 
The  passengers  carried  last  year  amounted  to  over 
40,000,000  with  a  car  mileage  of  5  per  cent  less  than  in 
the  pre%'ious  year.  During  this  year  so  far  the  1913 
figures  have  been  more  than   doubled. 

The  L.  &  S.W.  Railway  electrification  has  proved 
satisfactory  not  only  in  averting  and  restoring  a  dimin- 
ishing traffic  but,  assisted  by  war  conditions,  has  been 
used  to  its  utmost  capacity  and  proved  a  most  valuable 
additional  facility  for  the  Government  in  meeting  the 
restrictions  placed  on  road  motor  traffic. 

In  Great  Britain  at  the  end  of  1918,  as  at  present,  there 
were  351  miles  of  railway  route  electrified,  equivalent, 
with  sidings,  to  834  miles  of  single  track.  By  the 
courtesy  of  the  General  Managers  of  fourteen  of  the  lead- 
ing British  railways  using  electricity  for  traction, 
lighting,  and  power,  I  am  able  to  give  the  total  amount 
of  electricity  used  for  such  purposes  by  these  railways 
during  last  year.  A  table  of  these  totals  will  be 
found  on  page  11. 

Also  through  the  good  offices  of  Mr.  H.  M.  Hobart 
and  the  public-spirited  energy  of  Mr.  Oehler,  one  of 
the  Associate  Editors  of  the  New  York  Railway  Age, 
I  am  able  to  give  j'ou  similar  figures  for  eight  of  the 
railways  in  the  United  States. 

The  information  mav  be  taken  as  fairly  representative, 
but  unlike  that  given  for  British  railways  it  is  very  far 
from  being  complete.  Moreover,  it  includes  no  under- 
ground railway's.  Six  out  of  the  eight  railroads  are 
trunk  lines  where  the  majority  of  the  traffic  is  hauled 
by  steam  locomotives  and  about  half  of  the  2,762  miles 
of  single  track  for  which  figures  are  given  is  main-line 
electrification. 

For  the  eight  railways  in  question  during  1918  the 
electricity  used  for  traction  was  478,000,000  kw. -hours 
with  an  annual  one-hour  load  factor  of  46  per  cent. 
Almost  exactly  half  of  this  electricity  was  bought  at 
an  annual  one-hour  load  factor  of  49  per  cent,  while 
that  generated  by  the  railways  had  a  load  factor  of 
42  per  cent. 

For  lighting  and  power  164,000,000  kw.-hours  were 
generated  and  bought  at  an  annual  one-hour  load  factor 
of  44  per  cent. 

It  will  be  noticed  that  in  every  instance  the  load 
factor  is  better  than  on  British  railways,  being  above 
rather  than  below  40  per  cent. 

Sixty-eight  American  railways  possess  760  workshops, 
two-fifths  of  which  generate  their  own  electricity  for 
power,  and  a  total  of  366,500  h.p.  is  connected  to  the 
supply. 

The  Institution  will,  I  know,  appreciate  the  kindly 
feehng  which  allows  of  the  pubhcation  of  these  few 
details. 

On  the  14  British  railways,  which  possess  all  the 
electric  traction  and  by  far  the  greater  part  of  the 
use  of  electricity  for  other  purposes  in  this  countrj', 
the  total  kilowatt-hours  used  during  1918  for  traction 
were  400,000,000  and  the  kilowatts  of  maximum  demand 
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averaged  over  an  hour  were  123,000.  Consequently 
the  annual  one-hour  load  factor  was  37  per  cent.  Ninety 
per  cent  of  tl.e  tlectricit\-  was  generated  by  the  railways 
at  an  annual  one-hour  load  factor  of  41  per  cent.  The 
remaining  10  per  cent  of  the-  electricity  was  bought 
and  from  the  figures  of  maximum  demand  gi\-en,  which 
are  generally  difficult  to  estimate,  the  load  factor  is 
19  per  cent. 

The  important  point  is  that  for  suburban  services, 
many  of  them  continuous  for  20  hours  or  more,  the 
greatest  annual  load  factor  which  has  been  obtained 
in    this    countrv    when    railways    generate    their    own 


been  carried  out  the  estimated  kilowatt-hours  of  elec- 
tricity generated  would  have  been  357,000,000  at  an 
estimated  load  factor  of  43  per  cent. 

But  for  the  war  the  total  electricity  generated  and 
bought  by  the  14  railways  during  1918,  including  these 
commitments,  would  have  been  875,000,000  kw. -hours 
at  an  annual  one-hour  load  factor  of  37  per  cent. 

For  1918  no  complete  returns  of  the  electricity  sold 
by  public  supply  authorities  in  the  United  Kingdom 
are  available.  In  1914  it  was  2,100,000,000  kw. -hours 
and  in  1917  3,520,000,000  kw. -hours.*  It  has  been 
estimated  at  4,200,000,000  kw. -hours  in    191S,  it  being 


Moiitli3    of    the  year 
Jan.        Feb,       Max.       Apr.       May  ■'-  June       -July        Aug.       Sept.       Oct.       Not. 


Dec 


1,600,000^ 


LoxDox  AND   South-western  Railway. 
Number    of    passengers  (including  season-ticket   holde;s)    travelling    on    the  suburban    electrified 
system,   exclusive  of  those  IravelMng  only  between  Waterloo  and  the  City. 


Year 

Haulage  Conditions 

Passengers 

Car  Mileage 

I913 

I915 
1916 
I917 
1918 

Steam 

Steam  until  October  25  th,  when  Wimbledon  section  started   . . 

Electrification  nearly  complete 

Electrification  complete 

Electrification  complete     .  . 

25,011,569 
23,301,236 

29,361,917 
32,869,316 

40,376.731 

12.355.404 
16,089,563 

15.452.352 

electric  power  is  about  40  per  cent.  It  is  probable 
that  the  electricity  bought  had  about  the  same  load 
factor. 

The  load  factor  for  the  electricity  used  for  lighting 
and  power  is  referred  to  later  in  its  proper  place.  The 
total  use  of  electricity  by  the  14  railways  for  traction, 
lighting,  and  power  in  1918  amounted  to  517,000,000 
kw. -hours  and  the  annual  one-hour  load  factor  was 
34  per  cent. 

When  the  war  started,  British  railways  were  actually 
committed  to  the  carrying  out  of  additional  electric 
traction  and  with  it  a  certain  amount  of  power  and  hght- 
ing   which   was  stopped   by   the  war.     Had   tliis   work 


of  course  miderstood  that  this  figure  is  only  for  supply 
authorities  and  is  exclusive  of  the  quantities  privately 
generated . 

The  14  railways  therefore  actually  used  for  all  pur- 
poses in  1918  12^  per  cent  of  the  quantity  generated 
by  supplj-  authorities,  and  would  have  used  20  per  cent 
taking  account  of  such  part  of  it  as  would  have  been 
bought,  supposing  their  actual  commitments  had  not 
been   stopped   by  the  war. 

Apart  from  the  importance  of  the  present  railway 
load  as  compared  with  the  whole  load  of  the  supply 
authorities,   a  proportion  which  is  quite  certain  to  in- 

•  Journal  I.E.E.,  1919,  vol.  57,  p.  409. 
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crease  as  soon  as  raihva)-  policy"  is  defined,  I  have  insisted 
on  quoting  a  number  of  figures  including  load  factors 
because  there  lias  been  a  tendency-  in  some  quarters 
to  exaggerate  the  value  of  the  railway  load  factor,  which 
it  will  be  seen  both  in  actual  fact  and  in  estimate  is 
in  this  country  below  40  per  cent  for  the  densest  type 
of  suburban  serWce.  The  highest  railwaj-  traction 
annual  one-hour  load  factor  in  this  country  for  one  of 
the  most  dense  electric  services  in  the  world — the  London 
tube  ser\-ice — reaches  48  per  cent  and  is  the  same  for 
traction  as  for  lighting  and  power.  But  this  value  is 
altogether  exceptional. 

Use  of  Electricity  by  14  Leading  British  Railways 
FOR  Traction,  Lighting  and  Power  during  1918. 

Traction  on  10  Railways. 

Length  of  electrically  equipped  route,  miles  351 
Equivalent    length    (including    sidings)    of 

single  track,  miles          . .          . .          . .  834 

Electricity  generated  bj'  railways,  kw.-hours  360,171,100 
Maximum    demand    a^■eraged    over    one 

hour  (one-hour  demand),  kw.d.            .  .  99,380 

-Annual  one-hour  load  factor,  per  cent   .  .  41  '5 

Electricity  bought  by  railways,  kw.-hours.  .  39,076,000 

Maximum  one-hour  demand,  kw.d.         . .  23,450 

Annual  one-hour  load  factor,  per  cent     . .  19 

Total  use  of  electricity  for  traction  bj-  10 

railways,  kw.-hours         ..          ..          ..  399,247,100 

Maximum  one-hour  demand,  kw.d.          . .  122,830 

Annual  one-hour  load  factor,  per  cent     . .  37 

Lighting  and  Power  on  14  Railways. 

Electricity'  generated  by  railwaj-s,  kw.-hours     83,760,900 
MaJfcnum  one-hour  demand,  kw.d.         . .  30,300 

Annual  one-hour  load  factor,  per  cent     . .  32 

Electricitj'  bought  bj-  railwaj-s,  kw.-hours.  .     33,893,130 
Maximum  one-hour  demand,  kw.d.  ..  21,530 

Annual  one-hour  load  factor,  per  cent    . .  iS 

Total    use   of   electricity   for   Ughting   and 

power,  kw.-hours  ..  ..  ..    117,654,030 

Maximum  one-hour  demand,  kw.d.  . .  51,730 

Annual  one-hour  load  factor,  per  cent    . .  26 

Total  Use  of  Electricity  on  14  Rail-ways  for 
Tracticm,  Lighting  and  Poti'er. 
Electricity  generated  and  bought,  kw.-hours  516,001,130 
Maximum  one-hour  demand,  kw.d.         . .  174,560 

Annual  one-hour  load  factor,  per  cent    . .  34 

Additional    Commitments   for    Traction,    Lighting    and 

Power  to  have  been  carried  out  but  for  the  ]\'ar. 
Electricity  generated  and  bought  by  eight 

railways,  kw.-hours        .  .  .  .  .  .   357,564,980 

Maximum  one-hour  demand,  kw.d.  .  .  95.190 

Annual  one-hour  load  factor,  per  cent   . .  43 

Total   Use  of  Electricity  on    14   Railways  for   Traction, 
Lighting   and    Power   inclusive  of  Actual    Commit- 
ments to  have  been  carried  ottf  bt(t  for  the  War. 
Electricity    generated    and    bought    by    14 

railwaj's,  kw.-hours        ..  ..  ..   874,466,110 

Maximum  one-hour  demand,  kw.d.  ..         269,750 

Annual  one-hour  load  factor,  per  cent     .  .  37 


Seven  Railways  with  Traction  in  Greater  London. 

Length  of  electrically  equipped  route,  miles  211 
Equivalent    length    (including    sidings)    of 

single  track,  miles          . .          .  .          . .  556 

Electricity  generated  and  bough;  lor  trac- 
tion, kw.-hours   ..  ..  ..  ..   340,247,160 

Maximum  one-hour  demand,  kw.d.          ..  100,340 

Annual  one-hour  load  factor,  per  cent    .  .  38 '  5 
i   Electricity  generated  and  bought  for  lighting 

and  power, .kw.-hours     ..          ..          ..  52,459,780 

Maximum  one-hour  demand,  kw.d.          .  .  20,720 

Annual  one-hour  load  factor,  per  cent     .  .  29 
Total  use  of  electricity  for  traction,  lighting 

and  power,  kw.-hours     .  .  .  .  . .   392,706,940 

Maximum  one-hour  demand,  kw.d.          ..  121,060 

Annual  one-hour  load  factor,  per  cent  . .  37 

Additional  Commitments  for  Traction,  Lighting  and  Power 
to  have  been  carried  out  but  for  the  War. 

Electricitj'  generated  and  bought  bj-  seven 

railways,  kw.-hours        . .  . .  .  .   247,564,980 

Maximum  one-hour  demand,  kw.d.  .  .  75,190 

Annual  one-hour  load  factor,  per  cent   ..  37 '5 

Total  Use  of  Electricity  by  14  British  Railways  for  Tracticm, 
Lighting  and  Power,  including  Actual  Commitments 
to  have  been  carried  out  but  for  the   War. 

I   Electricity-    generated    and    bought    by  14 

railwaj"S,  kw.-hours        ..      ...  ..  874,466,110 

Maximum  one-hour  demand,  kw.d.  . .           269,750 

Annual  one-hour  load  factor,  per  cent  . .                    37 

L"sE  OF  Electricity  for  Eight  Railro.'^ds  in  the 
L'nited  States  for  Traction,  Lighting  and 
Power  during  19 18. 

I   Traction  on  Six  Railroads.     Four  of  them  Steam  Trunk 
Lines  with  some  Electric  Traction. 

Length  of  electrically  equipped  route,  miles  1,413 

I   Equivalent  length  of  single  track,  miles     .  .  2,762 

Electricity  generated  by  railroads,  kw.-hours  237,732,125 
Maximum  one-hour  demand,  kw.d.  . .  63,630 

Annual  one-hour  load  factor,  per  cent    . .  42 

Electricits"  bought  by  railroads,  kw.-hours. .   239,847,678 
JIaximum  one-hour  demand,  kw.d.  ..  55,150 

Annual  one-hour  load  factor,  per  cent   . .  49 

Total  use  of  electricity-  for  traction  by  six 

railroads,  kw.-hours        ..  ..  ..   477.579,803 

Maximum  one-hour  demand,  kw.d.  . .  118,780 

Annual  one-hour  load  factor,  per  cent     .  .  46 

Lighting  and  Power  an  Eight  Railroads. 

Electricity  generated  by  railroads,  kw.-hours  105,763,924 

Maximum  one-hour  demand,  kw.d.          . .  28,650 

Annual  one-hour  load  factor,  per  cent     . .  42 

Electricitv  bought  by  railroads,  kw.-hours . .  58,024,000 

Maximum  one-hour  demand,  kw.d.          . .  14.445 

Annual  one-hour  load  factor,  per  cent    .  .  46 

Total    use   of   electricity    for   hghting   and 

power,  kw.-hours            . .          . .          . .  163,787,924 

Maximum  one-hour  demand,  kw.d.          . .  43,005 

Annual  one-hour  load  factor,  per  cent     . .  44 
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Total  Use  of  Electricity  on  Eight  Railroads  for 
Traction,  Lighting  and  Power. 

Electricity  generated  and  bought,  kw, -hours  641,367,727 
Maximum  one-hour  demand,  kw. a.  ..         161,785 

Annual  one-hour  load  factor,  per  cent      . .  45 

Diversity  of  many  loads,  of  fairly  good  but  different 
load  factors,  from  one  or  more  interconnected  power 
stations  where  the  individual  units  can  be  of  greater 
output  than  would  be  possible  in  a  power  station  de- 
voted almost  entirely  to  traction,  will  do  more  to  cheapen 
electricity  than  the  separate  generating  station  for  each 
railway.  In  London  this  result  could  have  been  achieved 
in  the  past  by  supplymg  the  electrical  needs  of  several 
railways  from  one  station,  but  railway  legislation 
made  this  quite  impossible.  So  far  as  cheap  electricity 
is  concerned  it  would  be  an  advantage  for  railways  to 
be  able  to  obtain  electricity  from  power  stations  with 
diversity  of  load,  generated  by  units  of  power  large 
enough  to  reduce  the  capital  invested  to  the  lowest 
possible  figure,  since  capital  costs  are  half  the  generating 
costs  and  large  turbo-generators  are  more  economical 
than  small  ones. 

But  essential  as  cheap  electricity  is  for  railway  electric 
traction,  a  cheap  supply  is  only  one  and  possibly  not 
the  most  important  requirement. 

The  locomotive  working  costs  of  a  steam  railway 
such  as  has  been  taken  as  typical  when  comparing 
passenger  with  goods  and  mineral  working  is  one-third 
of  the  total  traffic  expenditure  incurred  in  working 
the  railway  including  locomotive  repairs,  maintenance 
and  depreciation,  and,  of  this  third,  coal  and  water  which 
were  in  1913  one-third  now  amount  to  about  two-fifths. 
Roughly,  electricity  corresponds  to  and  replaces  steam- 
locomotive  coal  and  water  in  cost,  so  that  for  main- 
line electrification  electricity  will  figure  as  something 
of  the  order  of  13  to  15  per  cent  of  the  total  traffic 
costs  of  runnmg  the  railway. 

To  the  railway  what  is  of  greater  importance  than 
the  cost  of  electricity  is  security  of  supply,  and  the 
policy  of  the  railway  companies  in  building  their  own 
power  stations  and  in  wishing  to  keep  those  that  they 
have  built  is  chiefly  for  security  of  supply. 

Railways  work  under  statutory  obligations,  and  before 
they  depend  on  others  than  themselves  for  their  supply 
of  tractive  power  they  must  be  sure  that  the  supply 
will  always  be  available,  in  the  quantities  they  require 
at  any  moment,  and  in  case  of  curtailment  of  supply, 
that  the  railway  has  the  first  consideration. 

For  railways  taking  a  supply  from  other  power  stations 
than  their  own  the  geographical  position  of  the  latter- 
relative  to  the  railway  is  a  matter  of  importance  from 
the  point  of  view  of  cost.  The  working-pressure  trans- 
mission of  a  main-line  railway  is  necessarily  long  and 
if,  in  addition,  the  substations  are  a  long  way  from  the 
power  stations  one  of  the  advantages  in  cost  of  supply 
of  the  large  common  power  statioHS  may  be  lost  in  the 
transmission.  Knovidng  that  the  capital  charges  form 
at  least  50  per  cent  of  the  cost  of  electricity,  railways, 
like  everyone  else,  are  anxious  to  use  stations  equipped 
with  the  largest  possible  units  of  power  so  that  the 
capital  cost  may  be  a  minimum.     In   a  recent  paper 


Mr.  J.  S.  Highfield  *  gave  an  analysis  of  present-day 
costs  of  stations  and  of  generation  which  shows  that 
a  difference  of  ;fi8  in  the  capital  cost  per  kilowatt  oi 
load  in  favour  of  a  station  capable  of  supplying  50,000 
kw.  above  a  station  capable  of  supplying  only  6,000  kw. 
of  load  was  all  wiped  out  by  the  cheapest  possible  high- 
pressure  transmission  at  33,000  volts  in  a  distance  ol 
15  miles  with  underground  cables  and  in  a  distance  oi 
30  miles  with  overhead  cables. 

The  great  capital  cost  of  high-pressure  transmission, 
coupled  with  the  need  for  security,  is  the  principal 
reason  why  railways  have  in  the  past  preferred  stations 
on  their  own  property  in  spite  of  the  disadvantages  of 
smaller  units  of  power  and  hence  higher  capital  and 
working  charges  than  in  large  common  power  stations. 

I  hope,  how^ever,  that  the  working  of  the  Electricity 
Act  when  it  is  passed  may  result  in  railways  reaping 
the  advantage  of  supplies  from  stations  of  low  capital 
cost  per  kilowatt,  possessing  considerable  diversity  of 
load,  so  situated  that  they  may  be  able  to  supply 
electricity  cheaply  at  the  substations,  and  so  worked 
that  the  railway  may  have  security  of  supply. 

High-pressure  Direct-current  Electricity 
FOR  Traction. 

We  have  in  this  country  examples  both  of  high- 
pressure  direct-current  electric  traction  and  of  high- 
pressure  single-phase  electric  traction.  Both  have 
been  successful,  and  it  is  quite  possible  that  under 
certain  conditions  as  great  economy  may  be  obtained 
by-  the  use  of  single-phase  current  provided  that  a 
single-phase  supply  is  obtainable  at  a  price  which 
compensates  for  the  higher  efficiency  and  less  cost 
of  the  direct-current  motor  on  the  train,  aro  the 
increased  losses  in  the  return  through  the  rails  with 
alternating  current.  But  in  a  majority  of  cases  where 
economy  was  a  first  consideration  careful  estimates  of 
both  single-phase  and  high-  or  low-pressure  direct- 
current  traction  have  shown  capital  and  working  costs 
so  decidedly  in  favour  of  direct  current  that  those 
responsible  for  the  expenditure  had  no  hesitation  in 
adopting  the  latter  system. 

Whether  the  railways  are  worked  as  a  whole  or  as 
separate  concerns,  if  main-line  electrification  is  to  be 
carried  out  it  is  necessary  that  an  electric  locomotive 
should  work  anywhere,  and  it  is  certainly  desirable 
that  one  system  should  be  adopted  for  the  whole  country 
for  main  line  as  apart  from  suburban  traction.  So  far 
as  our  present  knowledge  goes  the  railways  of  the 
whole  country  would  be  more  economically  electrified 
by  direct  current  than  by  alternating  current. 

The  Ministry  of  Transport  will  doubtless  review  the 
whole  situation  before  coming  to  a  decision,  but  for  the 
purposes  of  this  address  I  propose  to  assume  that  any 
main-Une  electrification  will  be  by  means  of  high-pressure 
direct  current. 

Although  there  are  instances  to  the  contrary  in  Great 
Britain,  it  may  be  stated  as  a  general  rule  for  suburban 
service  that  it  is  not  worth  while  to  electrify  for  a 
service  to  be  run  by  multiple-unit  rolhng  stock  unless 
a  pair  of  tracks  can  be  set  apart  wholly  for  the  service. 

*  J.  S.  Highfield  :  "  The  Supply  of  Electricity,"  Journal  of  ih4  Royal 
Society  of  Arts,  1919,  vol.  67,  p.  408. 
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This  condition  obtains  on  a  majority  of  the  main-Une 
railways  which  have  suburban  electric  services  and  on 
one  of  them,  where  the  suburban  electric  ser\-ice  inter- 
feres with  the  main  line,  a  scheme  is  read}'  for  extensive 
alterations  to  ensure  the  isolation  of  the  suburban 
tracks.  In  general  it  is  fair  to  assume  that  whatever 
system  or  voltage  is  in  use  for  suburban  services,  this 
will  not  interfere  at  all  or  onlj-  to  a  limited  extent 
with  main -line  electrification. 

At  present  there  is  no  need  to  fix  a  standard  pressure 
or  pressures  for  direct-current  main-line  working,  nor 
has  the  matter  yet  been  sufficienth'  discussed.  Pre- 
sently it  will  have  to  be  fixed,  but  nothing  has  j-et  been 
done  in  the  way  of  railway  electrification  which  antici- 
pates a  decision  or  will  prevent  it  being  decided  entirely 
on  its  merits.  On  their  Manchester  and  Burj-  line  the 
Lancashire  and  Yorkshire  Railwaj^  have  showTi  that 
the  protected  third  rail  designed  by  Sir  Jolm  Aspinall 
can  be  used  most  successfully  at  1,200  volts,  and  it  is 
equally  certain  that,  perhaps  with  some  modification, 
it  will  be  as  successful  at  1,500  volts.  There  are  many 
places  where  overhead  conductors  are  not  desirable 
and  others  where  they  are  not  possible,  and  should 
this  type  of  protected  third  rail  be  acceptable  the 
maximum  pressure  at  which  it  can  be  run  will  form 
the,  or  one,  standard  voltage. 

The  fullest  consideration  will  then  have  to  be  given 
as  to  whether  a  pressure  of,  say,  1,500  volts  is  high 
enough  for  main-line  electrification  or  if  double  this 
pressure  will  be  needed  for  overhead  equipment.  Fortu- 
nately this  decision  will  not  have  to  be  takeia  in  a 
hurry,  but  if  two  pressures  have  to  be  used  for  main- 
line electrification,  locomotives  must  be  able  to  use  both. 

Suppose  that  a  dozen  contactors  are  wanted  to 
control  each  pair  of  high-pressure  direct-current  motors 
at  the  lower  pressure,  then  to  enable  the  locomotives 
to  w'ork  also  at  double  this  pressure  some  30  contactors 
may  be  required. 

Speed  control  by  shunting  the  field  goes  far  to 
remove  perhaps  the  only  disadvantage  of  the  series 
motor,  namely,  that  it  has  only  one  speed  for  each 
load.  In  favourable  cases  field  control  may  reduce 
rheostatic  losses  during  acceleration  by  as  much  as 
50  per  cent,  and  the  additional  running  speeds  obtainable 
are  essential  for  mam-line  working. 

The  economy  over  the  wearing  away  of  wheel  tyres 
and  brake  shoes  by  turning  the  series  electric  motor 
into  a  shunt-wound  generator  and  returning  a  part 
of  the  energy  otherwise  lost  in  braking  to  the  hne  by 
regenerative  .electric  braking,  is  so  obv-ious  that  it 
must  always  appeal  to  the  engineer  in  spite  of  its 
difiiculties.  If  it  is  required,  then  more  contactors  are 
needed,  and  should  it  be  necessary  to  run  a  locomotive 
at  two  direct-current  pressures  one  double  the  other, 
to  employ  shunt  field  regulation  and  to  have  regenerative 
braking,  the  12  original  contactors  may  be  multiplied 
by  four  at  least  to  give  the  necessary  changes  in  the 
connections. 

The  cost  and  maintenance  of  so  large  a  number  of 
contactors  becomes  a  serious  item,  and  until  consider- 
able experience  has  been  obtained  in  their  manufacture 
and  maintenance  they  are  the  most  likely  source  of 
failure. 


Much  consideration  must  be  gi\en  to  these  and  other 
matters  before  the  standard  pressures  for  direct-current 
main-line  working  can  be  settled,  especially  as  to 
whether  there  shall  be  two  pressures  or  only  one. 

Electric.\l  Machinery  for  Handling  Goods 
AND  Minerals. 

The  limitations  of  an  address  do  not  admit  of  deal- 
ing adequately  with  the  subject  of  railway  electrical 
machinery  for  handling  all  sorts  of  general  merchandise, 
goods  and  minerals.  The  subject  is  almost  as  essentially 
a  railway'  problem  as  electric  traction,  but  only  a  few 
general  remarks  are  possible. 

Perhaps  it  will  surprise  many  electrical  engineers  to 
see  from  the  table  given  for  the  use  of  electricity  by 
14  British  railways  that  in  1918  these  railways  required 
118,000,000  kw.-hours  for  lighting  and  power:  29 
per  cent  of  this  was  purchased  and  the  annual  one- 
hour  load  factor  of  this  was  18  per  cent.  It  will  be 
appreciated  how  difi&cult  it  is  to  get  the  maximum 
one-hour  demands  correctly  and  this  is  probably  too 
low.  The  annual  one-hour  load  factor  of  the  electricity 
generated  by  the  railways  for  lighting  and  power  was 
32  per  cent,  varying  from  a  minimum  of  10  per  cent  to 
a  maximum  of  48  per  cent,  and  for  the  whole  use  gener- 
ated and  bought  26  per  cent. 

It  is  interesting  to  note  from  the  American  return 
that  their  load  factor  for  lighting  and  power  is  appreci- 
ably higher  and  of  the  order  of  45  per  cent. 

The  proportion  of  the  total  kilowatt-hours  used  in 
railway  docks  and  in  goods  stations  and  yards  may  not 
be  very  great,  but  at  the  present  time  much  attention 
is  being  paid  to  the  mechanical  handling  of  goods. 

General  merchandise  is  carried  by  railways  at  rates 
which  may  or  may  not  include  collection  and  dehvery 
by  the  railway.  A  large  proportion  of  the  general 
merchandise  is  both  collected  and  delivered,  and  the 
general  internal  trade  of  the  country  has  during  very 
many  years  been  built  up  on  this  method,  resulting  in 
the  handhng  of  a  vast  number  of  packages  of  all  sorts, 
shapes,  sizes,  and  weights,  each  of  which  has  to  be 
checked  in  the  goods  station  with  its  consignment 
note.  This  demands  a  special  staff  of  men  in  a  goods 
station  for  examining  each  article.  Any  method  of 
handhng  goods  mechanically  will  not  dispense  with 
these  men  and  the  faster  goods  are  moved  in  the  station 
the  more  men  will  be  required  to  examine  and  check 
them,  otherwise  the  speed  of  the  handling  macliinery 
will  depend  on  the  speed  of  the  checkers  and  callers  off. 

The  whole  railway  methods  of  handhng  and  hauling 
goods  traffic  have  been  built  up  gradually  to  suit  the 
trader's  requirements,  and  it  must  not  be  forgotten  that, 
however  much  those  requirements  and  the  correspond- 
ing railway  methods  may  be  criticized,  any  complete 
system  of  mechanical  handling  must  change  the  trader's 
methods  of  conducting  his  business,  which  is  a  far 
bigger  matter  than  the  design  and  installation  of  the 
mechanical  apphances. 

Under  the  present  methods  of  working  railway  engi- 
neers have  designed  many  schemes  of  conveyors  and 
transporters  wliich  have  been  carefully  considered, 
but  few  if  any  of  them  have  been  commercially 
acceptable. 
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In  dealing  therefore  with  general  merchandise,  where 
baskets  of  tomatoes  or  bags  of  potatoes  may  be  followed 
by  a  ton  of  glass  or  a  summer  house,  the  mechanical  appli- 
ances in  goods  stations  consist  generally  of  machinery 
for  dealing  with  articles  too  hea\-y  to  be  moved  by 
hand.  Fast  travelling  and  traversing  overhead  electric 
cranes  are  ideal  for  this  purpose  since  the  goods  plat- 
forms are  left  quite  free.  Without  going  into  the 
reasons  which  usually  require  that  in  a  goods  station 
the  roof  stanchions  which  also  support  the  crane 
gantrj'  are  spaced  down  the  middle  of  a  platform,  it 
is  becoming  usual  railway  practice  to  attach  a  revol\-ing 
jib  to  the  bottom  of  the  crab.  This  jib  passes  between 
the  stanchions  and  is  of  such  a  length  that  the  hook 
can  command  a  siding  or  a  cart  road  beyond  the  crane 
gantry  on  either  side. 

Until  the  entire  habits  of  the  traders  are  changed  it 
does  not  seem  possible  to  deal  with  general  merchandise 
wholly  by  meclianical  means,  much  as  it  would  be  to 
the  advantage  of  the  railways  to  do  so.  If  it  were  pos- 
sible the  engineering  problem  with  electrical  machinery- 
is  quite  straightforward.  In  a  busy  goods  station  in 
the  west  where  two  overhead  cranes  with  underhung 
revolving  jibs  command  the  platforms,  sidings  and 
cart  road  and  are  generally  in  constant  use  day  and 
night,  careful  checkings  have  shown  that  not  more 
than  3  per  cent  of  the  total  weight  of  general  merchan- 
dise handled  in  any  one  day  is  moved  by  the  cranes. 
Where  existing  buildings  do  not  allow  head  room  for 
overhead  cranes  or  runways,  electric  jib  cranes  either 
fixed,  or  travelUng  on  a  mono-rail,  are  the  only  lifting 
appliances  available,  but  they  are  a  very  poor  substitute 
for  the  overhead  travelUng  crane. 

TravelUng  appUances  transfer  the  goods  from  wagon 
to  cart,  or  vice  versa,  and  the  overhead  travelUng  crane 
comes  to  the  wagon  wherever  it  is  and  goes  to  the  cart 
wherever  it  is,  or  v-ice  versa.  Power  appliances  are  also 
required  to  move  the  wagons  themseh-es,  either  full  or 
empty,  and  include  electric  wagon  lifts  where  station  and 
yard  are  at  different  levels,  wagon  traversers  to  transfer 
wagons  to  or  from  any  siding,  turntables  and  capstans, 
and  examples  of  such  electrical  machinery  are  to  be  found 
all  over  the  country.  A  great  deal  of  trouble  has  been 
taken  to  render  the  Clyde  type  of  electric  capstan 
suitable  for  railways.  This  capstan  has  a  steel  wire 
rope  iixed  to  a  free  barrel,  the  b^irrel  being  clutched  to 
the  motor  through  the  reduction  gearing  only  when 
current  is  appUed.  As  compared  with  the  usual  type 
of  capstan  with  a  barrel  permanently  connected  to  the 
gearing  and  a  hemp  rope  slipping  on  the  barrel  the 
saving  in  the  cost  of  ropes  is  reduced  by  from  So  to 
90  per  cent,  and  this  saving  generally  more  than  pavs 
for  the  electric  energy,  which  is  reduced  by  50  per  cent, 
as  also  is  the  electric  power. 

In  a  goods  yard  the  goUath  type  of  overhead  travel- 
ling crane  with  a  crab  traversing  along  a  bridge  carried 
by  a  leg  at  or  near  each  end  and  spanning  one  or  more 
sidings  and  a  cart  road  is  the  most  useful  loading  and 
unloading  appUance.  The  whole  structure  travels  up 
and  down  the  yard  and  with  electric  capstans  usually 
completes  the  yard  equipment,  though  one  or  more 
jib  cranes  at  points  inaccessible  to  the  traveller  may 
also  be  necessary.     Some  verj^  fine  examples  of  goUath 


electric  cranes  up  to  about  50  tons'  capacity  are  to  be 
found  in  our  railway  yards. 

When  instead  of  general  merchandise  of  all  sorts  of 
shapes,  sizes  and  weights  special  goods  of  nearly 
uniform  size  and  weight  have  to  be  dealt  with  in  large 
quantities  such  as  bales  of  cotton,  cases  or  boxes  of 
food  or  merchandise  ;  coal  ;  ores  or  other  minerals 
and  grain  of  all  sorts  the  whole  can  be  loaded,  trans- 
ferred and  unloaded  mechanically  and  electric  machinery 
is  by  far  the  most  suitable  where  the  work  cannot  be 
done  by  gravity.  Doubtless  a  great  deal  remains  to 
be  done  in  the  application  of  convej-ing  or  transporting 
machinery'  for  such  purposes,  and  this  especially  applies 
to  docks  and  harbours,  although  several  railway  docks 
are  well  equipped  with  electrical  machinery. 

For  dealing  rapidly  with  large  quantities  of  material 
of  about  the  same  size  and  weight,  it  is  possible  to 
design  a  convej-or  to  meet  almost  any  requirement, 
supplemented  with  apparatus  for  loading  on  to  the 
conveyor  and  for  receiving  the  conveyed  material. 
Excellent  examples  of  conveyors  for  deaUng  with  coal, 
ore,  china-clay  and  other  minerals  have  been  provided 
by  railways  at  their  docks  or  harbours,  but  much 
remains  to  be  done. 

General  Use  of  Electricity  by  Railways. 

In  addition  to  a  large  electric  lighting  load  and  a 
certain  amount  of  heating  and  cooking,  electricity  is 
also  used  by  railways  for  opening  and  closing  Scherzer 
bridges,  for  working  all  classes  of  general  machinery 
and  in  most  departments  of  their  locomotive,  carriage 
and  wagon  works  for  dri\-ing  machine  tools,  while  the 
use  of  the  electric  vehicle  from  a  5-ton  lorry  to  a  plat- 
form trolley  is  increasing  rapidlj'. 

A  word  may  be  said  about  electric  train  lighting, 
which  is  one  of  the  most  difficult  problems  with  wliich 
railway  electrical  engineers  have  to  deal.  The  electric 
apparatus  is  an  automatic  central  station,  which  ought 
to  run  for  a  month  without  attention.  Essentially  it 
consists  of  a  battery,  with  a  dynamo  and  vwth  control 
gear  to  render  the  output  of  the  battery  continuous. 
By  the  use  of  the  variable-speed  dynamo  in  which  the 
voltage  is  roughly  constant,  or  under  control  between 
a  lower  limit  and  the  maximum  obtainable  speed,  the 
power  taken  from  the  locomotive  driving  each  dT,Tiamo 
through  a  carriage  axle  may  be  reduced  to  reasonable 
dimensions.  Railwavmen  have  been  so  intent  on 
getting  the  whole  plant  reliable  that  not  enough 
attention  has  been  paid  to  economy  in  power. 
Experiments  with  different  dynamos  show  for  the 
variable-spead  typs  at  high  speeds  a  saving  over  the  non- 
variable  speed  tvpe  of  some  40  per  cent  in  the  power 
taken  from  the  locomotive  for  lighting. 

Railway  electrical  engineering  is  a  special  branch  oi 
the  profession  demanding  as  much  knowledge  as  can 
possibly  be  obtained  of  general  railway  conditions. 
An  engineer  requires  all  his  j-outh  for  his  engineering 
training  and  most  of  his  manhood  and  middle  age  as 
well.  He  can  usually  only  hope  to  pick  up  a  smattering 
of  general  railway  knowledge  at  second  hand,  and  his 
success  as  a  railway  electrical  engineer  will  largely 
depend  upon  his  ability  to  absorb  the  knowledge  and 
experience  of  his  colleagues  in  other  departments  and 


CROSS  :   NORTH-EASTERN    CENTRE  :   CHAIRMAN'S  ADDRESS. 


15 


irom  the  railway  staff  in  general.  Railway  electrical 
engineering,  apart  from  telegraphs  and  telephones,  is 
almost  wholly  a  development  of  this  century  and  it 
has  undoubtedly  proved  its  usefulness.  But  it  depends 
as  much  on  the  personal  character  as  on  the  professional 
abihty  of  railway  electrical  engineers  and  on  their 
honesty  in  sohing  the  many  problems  which  are  set 


them  by  the  management,  as  to  whether  railway  elec- 
trical engineering  serves  the  railways,  and  through 
them  the  community  at  large,  in  the  way  in  which  it 
ought  to  serve  both.  I  hope  that  this  Institution  will 
take  a  larger  interest  than  it  has  done  before  in  railway 
electrical  engineers  and  that  they  in  turn  will  in 
increasing  numbers  support  this  Institution. 
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By  W.  Cross,  Member. 

{Address   delivered  20  October,  191 9.) 

SOME     NOTES     ON    THE     INSTALLATION    AND     MAINTENANCE     OF    ELECTRICAL 

APPARATUS. 


The  efficient  installation  of  electrical  apparatus 
depends  chiefly  on  attention  to  detail,  and  the  aim  of 
those  carrj'ing  out  such  work  should  be  to  obtain  : — 

(i)  Reliability'  ;  for  the  resultant  cost  of  a  breakdoivn 
may  be  many  times  the  cost  of  the  faulty 
apparatus. 

(2)  Low  first  cost.  This  is  especially  required  to-day, 
and  should  always  be  kept  in  view,  as  the 
more  expensive  material  is  by  no  means  the 
most  suitable  in  every  case. 

{3)  Ease  of  maintenance  and  repair  ;  not  only 
because  this  cost  should  be  as  small  as 
possible,  but  because  time  is  usually  of  great 
importance. 

Many  sets  of  rules  have  been  drafted  for  installation 
work,  the  principal  ones  being  the  I.E.E.  AViring  Rules 
and  the  Home  Office  Regulations  for  Factories  and 
for  Mines.  Many  of  these  rules  are  not  clear  and 
contradict  one  another  ;  in  most  cases  they  are  not 
enforced  and  observed  fully.  For  instance,  in  very 
few  cases  are  rules  calling  tor  a  switch  to  control  a 
circuit  of  switch  lampholders  (I.E.E.  Rule  no)  or 
which  state  that  a  double-pole  switch  shall  be  pro\ided 
for  all  apparatus  over  600  watts  {I.E.E.  Rule  117) 
observed — people  would  object  to  the  appearance  of 
double-pole  switches  in  their  sitting  rooms  to  control 
electric   fires. 

I  think  one  set  of  rules  should  be  drawn  up  stating 
certain  broad  principles,  and  that  these  rules  should 
be  enforced  in  all  cases.  These  rules  should  call  for 
the  minimum  requirements  to  ensure  reasonable  safety, 
instead  of  insisting  on  the  use  of  the  most  expensi^-e 
apparatus,  as  occurs  in  some  instances  at  present. 

Lay-out. — This  is  most  important  and  should  be 
arranged  with  a  view  to  any  likely  extensions  as  well 


as  to  the  immediate  work  in  hand,  as  by  this  means 
■  expense  may  be  saved  in  the  future.  Each  individual 
job  varies  in  some  respect  from  every  other,  and  only 
experience  can  enable  one  to  decide  the  best  material 
and   arrangement  in   each   case. 

The  number  of  fuses,  switches,  and  other  controls 
should  be  reduced  to  a  minimum,  as  each  joint  or 
piece  of  apparatus  is  a  possible  source  of  breakdowH. 
Almost  invariably  the  distribution  system  of  wiring 
is  best  (it  is  called  for  in  most  rules)  and  the  cost  is 
little,  if  any,  more  than'  that  of  other  systems,  while 
its  flexibility  enables  additions  and  alterations  to  be 
easily  made,  testing  is  rendered  simple,  and  current 
is  cut  off  faulty  sections  only. 

.Although  not  clearly  specified,  and  according  to 
some  rules  even  forbidden,  I  consider  that  all  two-wire 
circuits  (except  on  concentric  systems)  should  be  pro- 
tected on  both  poles,  even  if  one  pole  is  connected 
to  the  middle  \>'ire  of  a  direct-current  three-wire  system 
or  to  the  neutral  of  a  thjee-phase  system  ;  as  testing 
and    disconnection  are  thereby  facilitated. 

The  distribution  boards  should  be  fixed  in  accessible 
positions  and  it  is  worth  taking  trouble  to  see  that 
controlling  apparatus  is  arranged  most  conveniently 
for   the    user. 

Regarding  sj'stems  of  lighting  factories,  warehouses 
and  similar  buildings,  it  will  usually  be  found  that 
general  lighting  rather  than  local  lights  will  give  the 
best  results  ;  the  current  consumption  will  be  little, 
if  any,  more,  while  the  general  illumination  enables 
work  to  be  carried  out  in  any  part  of  the  room  without 
altering  the  position  of  the  lamps.  The  power  re- 
quired for  lighting  a  particular  area  can  be  calculated 
bv  the  following  formula  : 


Watts 


area  X  foot-candle  intensity 
constant 
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The  constant  when  using  efficient  reflectors  will  be 
7  for  half- watt  lamps,  or  45  with  metallic  filament 
lamps. 

In  engineering  shops  and  similar  buildings,  if  efficient 
reflectors  are  used,  about  3  candle-feet  gives  a  good 
illumination,  and  in  offices  about  4  candle-feet  is 
required. 

The  number  and  size  of  the  lamps  will  depend  on 
the  position  of  beams  and  other  architectural  features. 
In  many  cases  it  is  most  economical  to  use  high  candle- 
power  half-watt  lamps,  but  the  size  is  often  limited 
by  the  lowness  of  the  building  ;  for  instance,  with 
loo-watt  half-watt  lamps  where  3  candle-feet  is  required, 
the  minimum  height  of  the  lamp  from  the  working 
plane  is  7I  ft.,  while  with  a  500-watt  half- watt  lamp 
the  minimum  height  is  17  ft.  This  method  must  be 
used  carefully,  as  each  case  requires  indi\'idual  treat- 
ment and  common  sense.  For  instance,  I  should 
not  use  many  different  sizes  and  types  of  lamps  and 
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Curves  showing  current-carrying  capacity  of  cables,  based 
on  temperature  rise. 

reflectors,  as  such  an  arrangement  would  be  difficult 
for  an  average  factory  engineer  to  maintain  properly, 
owing  to  the  large  stock  of  lamps  of  various  sizes. 

Cables. — Practically  all  cables  used  in  this  country 
consist  of  copper  conductors  insulated  with  vulcanized 
rubber,  impregnated  paper  or,  to  a  small  extent,  bitumen. 
Vulcanized  rubber  cable  is  finished  off  with  braiding, 
or  lead,  or  armouring,  or  lead  sheath  and  armouring, 
or  tough  rubber.  Paper  cable  is  almost  invariably 
lead  covered  (though  during  the  war  bitumen  has  been 
used  instead  of  lead  to  some  extent)  and  is  then,  if 
further  mechanical  protection  is  required,  armoured 
with  wire  or  steel  tape.  When  deciding  the  t\'pe  and 
size  of  cable  to  be  used  and  the  method  of  fixing  the 
same,  it  is  necessary  to  consider  the  conditions  of  each 
individual  case  and  the  cost  of  the  job  erected. 

Quality. — I  am  unable  to  discover  a  satisfactory 
cable  specification  which  will  reject  poor  quality  and 
pass  cable  of  good  lasting  quahty  ;  and  I  find  it  necessary 
to  trust  almost  entirely  to  the  reputation  of  the  makers. 


We  have  had  more  trouble  with  cable  made  to  a  stringent 
Government  specification  than  with  a  much  cheaper 
cable  by  an  old  established  firm  which  we  used  on  other 
jobs.  I  can  recollect  very  few  instances  of  true  cable 
breakdowns,  though  a  few  years  ago  we  had  a  number 
of  faults  due  to  faulty  tinning  of  the  copper  conductors. 
In  most  cases  the  fault  arises  from  mechanical  or  chemical 
external  injury,  often  at  or  near  the  attachment  of 
apparatus. 

Si:e  of  cable. — The  size  of  cable  required  depends, 
in  the  smaller  sizes  and  on  long  runs,  on  the  permissible 
drop  in  volts  ;  and  in  the  larger  sizes  and  on  the  runs 
met  with  in  most  engineering  works  and  shipbuilding 
yards,   on   the  permissible  rise  in   temperature. 

To  obtain  the  greatest  economv.  the  size  should  be 
calculated  by  Kelvin's  I.aw,  which  states  that  the 
cost  of  the  energy  lost  in  the  line  should  equal  the 
interest  on  the  capital  cost  and  the  depreciation  of 
the  line  ;  but  the  satisfactory  working  of  apparatus,  and 
the  need  of  standardizing  the  apparatus  (all  for  the 
same  voltage)  prevent  this  law  being  observed  in  most 
cases  of  internal  wiring.  I.E.E.  Wiring  Rule  40  specifies 
that  the  pressure  drop  for  lighting  circuits  shall  not 
exceed  2  per  cent  plus  i  ^'olt,  and  that  the  size  of  cables 
for  all  circuits  shall  be  such  that  the  temperature  rise 
shall  not  exceed  20  degrees  F.  for  vulcanized  rubber 
cables  or  50  degrees  F.  for  paper-insulated  cables. 
It  is  necessary,  however,  with  small  motors  or  long 
runs  to  use  larger  cables  than  those  allowed  if  temperature 
rise  only  is  considered,  as  otherwise  the  pressure  at  the 
motor  or  other  apparatus  will  be  too  low  for  efficient 
operation. 

I  have  plotted  curves  showing  the  relation  of  sectional 
area  to  maximum  current  carried  at  not  more  than 
permissible  temperature  rise,  the  figures  being  taken 
from  the  I.E.E.  Rules  and  other  well-known  tables.  It 
will  be  noticed  from  this  diagram  that  paper-insulated 
cable  can  safely  carry  more  current  than  vulcanized 
rubber  cable  of  the  same  size.  The  current  densitj' 
with  vulcanized  rubber  cables  varies  irom  4,000  amperes 
per  square  inch  with  1/18  S.W.G.  to  595  amperes  per 
square  inch  with  a  l-inch  cable,  the  1,000  amperes  per 
square  inch  current  density  being  found  with  o'i5 
sq.  in.  cable.  With  three-core  paper-insulated  lead- 
covered  cables,  the  densities  vary  from  4,000  amperes 
per  square  inch  for  0*07  sq.  in.  (7/20  S.W.G.)  to  745 
amperes  for  a  i  sq.  in.  cable,  the  1,000-ampere  current 
density  being  for  about  046  sq.  in.  area.  With  single- 
core  lead-covered  cables  the  current  density  varies 
from  4,000  amperes  per  square  inch  for  1/18  S.W.G. 
to  932  amperes  for  i  square  inch,  the  1,000-ampere 
current  density  being  found  at  about  068  square  inch. 

Owing  to  the  reduced  carrying  capacity  of  large 
cables,  it  is  sometimes  cheaper  to  use  two  or  more 
cables  instead  of  one,  but  each  case  must  be  considered 
on  its  merits. 

Cable  protection. — The  following  are  some  of  the 
more  usual  methods  of  supporting  and  protecting 
vulcanized    rubber    cables  : — 

(a)  On  porcelain  insulators,  with  tubing  where  subject 
to  mechanical  injury.  This  is,  I  consider,  the  most 
satisfactory  method  (apart  from  its  low  cost)  in  engi- 
neering  shops   and   other   premises,  but   tubing  should 
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be  used  where  mechanical  damage  is  likely,  so  as  to 
prevent  tmsiglitliness  and  risk  of  shock.  This  system 
is  certainly  the  safest  and  most  satisfactory  in  wet  or 
hot  situations  or  where  chemical  fumes  are  present,  but 
it  is  desirable  in  these  cases  to  clean  the  insulatrrs  and 
examine  the  wires  periodically.  I  do  not  consider  this 
system  to  be  suitable  for  houses,  shops,  offices  or 
similarly  constructed  buildings. 

(6)  Metal-covered  svstems  have  been  developed  by 
various  finns,  but  I  have  not  found  them  thoroughly 
satisfactory  on  240-volt  d.c.  circuits,  probably 
through  bad  earthing  of  the  covering.  I  think  the 
methods  of  bonding  might  be  improved  and  that  a 
conduit  box  with  cone  nipple  and  lead  wool  for  bonding 
the  metal  covering  to  the  box  would  be  satisfactory. 

(c)  Wood  casing  was  very  much  used  in  earlier  days 
and  makes  a  sound  job  when  dry  and  free  from 
chemicals,  but  it  requires  more  labour  for  erection 
than  other  systems.  I  have  known  faults  due  to  the 
■wood  fillet  being  impregnated  with  chemicals  and 
moisture  from  the  walls  of  buildings  which  also  de- 
stroyed the  insulation,  setting  up  an  arc  from  cable 
to  cable.  In  one  case  of  this  nature  I  was  able 
to'  investigate  the  matter  fully  and  I  found  that  a 
T-ampere  arc  was  passing  over  the  fillet,  making  the 
wood  red  hot  but  not  causing  a  fire,  though  I  believe 
a  fire  would  soon  have  developed.  I  suggest  that  with 
wood  casing  it  is  safer  to  have  cables  of  different 
polarity  in  the  same  groove  as  a  inv.lt  then  will  blow 
the  fuse  more  quickly. 

(d)  Close  joint  tubing  has  been  used  here  more  than 
any  other  system  for  houses,  shops  and  offices,  and 
though  in  many  cases  no  attempt  has  been  made  to 
make  the  lengths  of  tubing  continuous  or  to  earth  it, 
very  few  faults  have  occurred.  A  grip  system  is  called 
for  by  the  I.E.E.  Rules,  but  the  efficiency  of  this  depends 
largely  on  careful  workmanship. 

(e)  Screwed  tubing  in  cases  where  insulators  are 
unsuitable  is,  I  think,  the  best  system  to  use,  though 
the  cost  is  great.  It  should  always  be  erected  with 
draw-in  boxes  before  the  cables  are  drawn  in,  and  as 
far  as  possible  should  be  kept  away  from  positions 
where  change  of  temperature  occurs,  as  this  causes 
condensation  and  breakdowTi  of  the  cables.  In  one 
case  frequent  breakdowns  occurred  where  the  cables 
passed  up  from  a  hot  subway  to  a  room  at  ordinary 
temperature,  and  in  another  case  the  cables  failed 
each  autumn  in  a  heating  subway  which  was  hot  in 
winter  and  cool  in  summer  when  the  fires  were  not  in  use. 

Paper  cables,  either  lead  co\-ered  or  lead  covered  and 
armoured,  are  usually  fixed  without  further  protection  ; 
all  ends  must  be  properly  sealed  in  boxes.  They  are  not 
suitable  for  temporary  work  or  short  runs,  as  the  cost 
of  boxes  and  fixing  the  same  is  in  those  cases  excessive. 

Leading  in  cablfs. — The  method  of  leading  cables 
into  apparatus  and  connecting  up  deserves  much  more 
attention  than  is  usual,  as  faulty  methods — 

(i)     Prevent  a  satisfactory  job  and  are  a  great  cause 

of  breakdown. 
(2)     The   work   involved    in   fixing   and  repairing  or 

disconnecting  takes  longer  than  is   necessary 

when  time  is  most  important. 

Vol.  58. 


(3)  The  cost  of  testing,  dismantling  and  repairs  is 
greater  than   necessarv. 

For  instance,  when  one  finds  that  to  connect  up  an 
oil  switch  it  is  necessary  to  spend  j  or  3  hours  in  taking 
the  switch  to  pieces  or  in  sweatmg  in  a  vertical  position, 
one  feels  that  the  designer  does  not  know  his  business 
and  should  have  the  punishment  of  fixing  the  apparatus 

I  suggest — 

(i)  That  all  cable  sockets  should  be  so  arranged 
that  they  can  be  sweated  to  the  cable  away 
from  the  apparatus  and  then  bolted  to  the 
apparatus. 

(2)  That  earthing  sockets  should  be  provided  on  all 

apparatus  by  the  maker  who  can  fix  these 
far  more  cheaply  than  the  men  who  erect  the 
apparatus,  probably  without  any  facihties  for 
drilling,  etc. 

(3)  That  inlet  holes  of  ironclad  gear  should  be  drilled 

by  the  makers  for  a  suitable  pipe  to  take  the 
correct  size  and  number  of  cables,  and  pro- 
vided with  a  wood  bush  at  each  hole  so  that 
cable  can  be  run  in  unprotected  or  in  tubing 
as  desired. 

(4)  That  in  the  case  of  distribution  boards  an  iron 

plate  easily  removable  should  form  one  side. 
This  iron  plate  would  then  be  unscrewed  and 
drilled  as  required,  a  much  simpler  job  than 
drilling  the  case  which  is  inclined  to  crack. 
The  latter  arrangement  is  a  very  great  con- 
venience  to   the  erector. 

The  arrangements  of  leading  in  cables,  connecting  up 
and  fault  finding  for  motors  are  usually  badly  designed, 
and  it  is  impossible  to  connect  them  up  neatly  and 
efiicientl}'.  I  consider  that  a  terminal  plate  should 
be  pro\'ided  to  which  all  connections  of  field  coils  and 
armatures,  rotors  and  stators  should  be  brought.  If 
these  terminals  are  equally  spaced,  it  is  possible  to 
make  the  necessary  rotor  connections  with  brass  strips 
of  one  size  :  all  terminals  should  also  be  marked  in  a 
standard  method.  The  advantages  of  this  arrangement 
are  very  great,  as  any  portion  of  the  motor  can  be  easily 
tested  and  alterations  to  the  connections  made  without 
trouble. 

This  terminal  plate  should  be  fixed  on  the  side  of 
the  motor  and  covered  by  a  square  iron  box  with  an 
entering  hole  for  the  cable  on  one  side,  held  by  four 
studs  spaced  equally  so  that  the  bo.x  can  be  turned  so 
as  to  bring  the  hole  by  which  cables  enter  either  at  the 
top,  bottom,  right-hand  side  or  left-hand  side  of  the 
terminal  box. 

The  cover  of  the  box  would  be  removable  to  connect 
up  the  motor,  etc.  With  this  arrangement,  the  wiring 
can  be  run  with  ease  into  the  motor  and  fully  protected 
all  over.  If  slide  rails  are  used,  flexible  tube  will  be 
suitable  protection,  and  a  dividing  box  can  be  attached 
to  the  box  if  paper  cable  is  used. 

Eai-thing. — In  factories  earthing  is  most  important 
and  should  receive  more  attention  than  is  usually  the 
case.  All  metal  (other  than  trolley  wires  and  similar 
apparatus   placed    out    of   reach   and   clearly    carrying 
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current)   that  can   be   accidentally   touched   should   be 
earthed,  including  the  cases  of  arc  lamps  and  meters. 

Bolts  and  nuts  are  not  efficient,  their  resistance 
being  great.  In  one  case  which  came  to  my  notice, 
a  cable  junction  box  in  which  nuts  were  used  for  con- 
tinuity burnt  through  when  a  dead  earth  occurred. 

The  current  that  may  pass  when  an  earth  occurs 
may  be  very  great,  causing  a  high  pressure  near  the 
fault  if  the  resistance  of  the  earth  connection  is  great. 
In  practice  I  find  that  if  one  uses  a  7/20  S.W.G.  (0007 
sq.  in.)  cable  for  each  60  amperes  normal  current  taken 
by  apparatus,  with  7/20  S.W.G.  as  a  minimum  and  an 
equivalently  larger  area  for  greater  currents,  the  results 
will  be  satisfactory.  Screwed  tubing  and  piping  can, 
for  lighting  and  small  power  circuits,  be  safely  used 
instead  of  an  earth  wire,  but  the  joints  should  be  few. 
Maintenance  and  periodica!  testing  of  all  earth  con- 
nections is  most  important,  as  the  lack  of  an  earth 
connection  does  not  usually  show  itself  in  the  working 
of  apparatus.  All  connections  should  be  traced  out 
as  far  as  possible  to  see  their  condition,  and  a  rough 
test  with  a  bell  and  two  cells  will  show  the  continuity 
reasonably  well. 

In  factories  and  in  such  places  in  private  houses  where 
a  person  may  be  in  contact  with  earth  (e.g.  in  a  bathroom) 
the  switch  cases  and  knobs  should  be  earthed  or  in- 
sulated ;  many  tumbler  switches  with  porcelain  covers 
have  metal  knobs,  tliis  being  as  unsafe  as  unearthed 
switches  with  metal  covers. 

Rating. — The  rating  of  apparatus  should  receive  more 
attention  than  has  been  the  case  in  the  past  ;  few 
switches  will  properly  break  the  current  at  which  they 
are  rated  100  times,  and  I  do  not  think  the}'  would  be 
capable  of  passing  the  I.E.E.  test,  which  states  that 
they  must  break  a  circuit  with  the  pressure  and  current 
50  per  cent  in  excess  of  their  rating  ;  and  the  average 
fuse  will  not  clear  a  light-duty  short-circuit.  1  suggest 
that  samples  of  accessories  should  be  tested  and  that 
the  rating  should  be  calculated  from  these  tests  ;  it 
would  be  necessary  for  the  British  Engineering  Standards 
Association,  or  other  authority,  to  specify  a  standard 
test  which  might  be  made  by  the  suggested  National 
Pro\'ing  House.  Such  test  should  not  be  too  stringent, 
as  we  must  endeavour  to  cheapen  the  cost  of  electrical 
work  ;  and  it  should  be  made  under  working  conditions 
as   far   as  possible. 

Standardization. —  It  is  also  very  desirable  that  material 
should  be  standardized  not  only  because  the  cost  of 
production  will  be  reduced,  but  that  one  of  the  principal 
troubles  of  maintenance  work  will  be  eliminated.  It 
is  very  costly  and  irritating  to  find,  when  carrj-ing  out 


a  repair  miles  away  from  any  supplies,  that  the  dimensions 
of  apparatus  vary  from  the  standard. 

Sockets,  in  particular,  should  be  interchangeable 
as  regards  centres  and  diameters  of  pins  ;  there  are 
many  types  fixed  which  cannot  now  be  obtained,  so 
new  types  have  to  be  supplied  if  extensions  are  wanted 
or  a  plug  is  broken  or  lost.  We  met  this  trouble  many 
years  ago  and  adopted  a  well-known,  though  at  that 
time  expensive,  make,  and  can  now  supply  plugs  from 
stock  to  fit  sockets  fixed  15  years  ago,  so  the  adoption 
of  a  standard  has  well  repaid  us.  Although  rules  call 
for  sockets  interlocked  with  switches,  very  few  are 
marketed,  and  there  is  a  good  field  for  these,  particularly 
to  carry  safely  10  and  20  amperes  for  heaters  in  private 
houses,  for  which  purpose  they  must  be  neat  and  un- 
obtrusive. 

Maintenance. — This  is  often  neglected,  and  it  is 
surprising  that  more  accidents  do  not  occur.  Often 
in  going  over  an  existing  installation  I  find  the  work 
in  very  bad  condition,  and  additions  badly  executed, 
breaking  the  most  important  rules.  Insulation  resist- 
ance does  not  show  that  the  installation  is  in  good 
condition,  for  with  dry  wood  casing  the  wires  could 
be  absolutely  bare  and  yet  give  a  good  test,  but  it  is 
useful  to  find  out  certain  faults.  I  think  that  every  job 
should  be  overhauled  periodically  by  a  competent  man. 

Labour  is  one  of  the  most  important  factors  in  an 
efficient  installation.  Unless  the  workmen  actually 
carrying  out  the  work  are  efficient,  the  job  will  be 
unsatisfactory,  even  with  the  best  material  ;  in  fact  I 
think  I  would  rather  have  poor  material  and  good  labour 
than  good  material  and  poor  labour. 

In  conclusion,  it  will  be  seen  that  the  most  important 
factors  in   an   efficient   electrical  installation   are  : — 

(i)  A  properly  designed  scheme  drawn  up  by  an 
engineer  who  knows  what  material  is  most 
suitable  for  the  conditions  of  the  particular  job. 

(2)  Suitable  apparatus  properly  designed  and  manu- 

factured so  that  it  will  easily  fit  the  other 
parts  of  the  installation  and  can  easily  be 
maintained  and  repaired. 

(3)  Efficient    workmen    who    can    be    trusted    to    fix 

and   connect  up  apparatus  properly. 

(4)  Proper  maintenance  to  prevent  faults  developing, 

so  as  to  cause  danger  or  serious  breakdown. 
(s)   Standard    specification    and    rating   of   appeiratus 
and  accessories. 

If  all  work  is  carried  out  on  these  lines,  I  am  confident 
that  there  will  be  brighter  and  more  prosperous  times 
for  all  in  the  electrical  industry. 
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By  Richard  Tanham,  Member. 


(Address  delivered  at  Dublix,   i6  October,  1919.) 
(ABSTRACT.) 


Our  retiring  President  (Mr.  C.  H.  Wordingham, 
C.B.E.)  in  his  address  to  the  Irish  Centre  (DubUn)* 
•delivered  here  in  May  last,  referred  briefly  to  the 
part  that  should  be  played  by  the  Institution  in  the 
period  of  industrial  revival  now  at  hand.  I  should 
like  to  avail  myself  of  this  opportunity  of  strongh' 
recommending  junior  electrical  engineers  and  pupils 
in  this  Centre  to  join  the  Institution.  All  electrical 
•engineers  possessing  the  necessary  quahfications  should 
be  identified  with  it  ;  and  each  of  us  should  use  his 
best  endeavour  to  introduce  eligible  friends  to  the 
meetings  and  secure  their  admission  to  the  Institution. 
I  also  take  this  opportunity  of  drawing  attention  to 
the  Informal  Meetings  that  have  been  held  in  London 
for  the  purpose  of  helping  and  encouraging  the  younger 
members,  and  I  think  it  would  be  an  excellent  arrange- 
ment to  hold  one  or  two  such  meetings  each  session 
at  this  Centre  for  the  same  purpose.  I  feel  sure  that 
all  the  experienced  members  would  be  glad  to  lend  a 
helping  hand  ;  and  in  this  manner  our  younger  members 
would  be  afforded  an  opportunity  of  getting  practice 
in  the  reading  and  discussing  of  papers.  I  know  how 
most  of  the  younger  men  view  this  matter,  and  some 
■of  them  have  already  expressed  the  wish  for  such  an 
■opportunity.  Encouragement  in  this  direction  would, 
I  feel  certain,  bring  out  new  and  interesting  subjects 
and   create   a   keener  interest  amongst   the   members. 

The  Institution  is  of  increasing  value  both  to  the 
members  and  to  the  country  ;  we  all  may  be  able 
to  perform  our  duties  individually,  but  our  usefulness 
no  one  will  deny  is  greatly  increased  by  acting  in  co- 
operation. This  Centre  has  often  criticized  the  short- 
comings of  the  Institution,  and  I  am  sure  we  all  note 
with  pleasure  that  many  of  the  progressive  measures 
suggested  by  Mr.  Wordingham  have  already  been 
inaugurated,  and  in  time,  no  doubt,  his  whole  programme 
will  be  successfully  developed  ;  at  any  rate  it  can  no 
longer  be  said  that  the  Institution  is  not  taking  an 
active  part  in  the  material  welfare  of  its  members  and 
of  each  section  of  the  electrical  industry. 

From  a  perusal  of  the  opening  addresses  delivered 
by  members  of  this  Centre,  not  to  mention  the 
many  valuable  contributions,  it  is  evident  that  it  is 
becoming  increasingly  difficult  for  the  Chairman, 
following  so  many  distinguished  past  chairmen,  to 
choose  any  particular  subject  of  local  interest  for  his 
address.  I  feel  this  handicap  very  much  because 
practically  all  the  schemes  which  seem  of  interest 
-  and   importance   at   the   present   time    have    received 
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attention.  Members  have,  for  instance,  shown  oa 
various  occasions  the  value  and  the  necessity  of  develop- 
ing our  peat  and  water  resources.  The  former  may 
ultimately  be  the  solution  of  power  distribution  in 
Ireland  ;  the  latter,  where  within  reasonable  distance 
from  the  place  of  demand  and  where  the  whole  of  the 
power  can  be  absorbed  during  the  day  and  night, 
should  be  immediately  developed,  linked  up  electrically 
and  connected  to  existing  steam  stations.  We  should 
also  look  into  the  question  of  adopting  suitable  apparatus 
and  methods  for  using  different  kinds  of  coals  not 
hitherto  regarded  as  suitable  or  commercially  available. 
The  three  natural  sources  of  power  in  Ireland,  namely, 
peat,  water  and  coal,  have  recently  been  the  subject 
of  investigation  bv  three  separate  Government  Com- 
mittees, and  their  reports  are  awaited  with  the  greatest 
interest. 

The  subject  of  fuel  economy  would  not  have  attracted 
any  very  special  attention  to-day  were  it  not  that  the 
country  is  compelled  to  consider  it  and  for  several 
assigned  reasons — among  which  may  be  mentioned 
conservation,  enhanced  price,  scarcity  of  supphes,  and 
development  of  industry.  This  country  is  at  the  mercy 
of  every  strike  or  industrial  disorganization  and  it 
is  not  possible  to  build  up  sufficient  reserve  stocks. 
Great  Britain  may  have  to  reduce  our  fuel  requirements 
at  any  time,  and  from  almost  every  point  of  \-iew  it 
would  appear  that  facilities  should  be  granted  for 
the  rapid  development  of  our  power  resources.  In 
these  days  every  country  is,  or  should  be,  making  its 
best  endeavour  towards  maximum  production  and 
conservation  of  resources  ;  now  is  the  time  to  develop 
ours  and  create  a  position  less  dependent  on  the  imported 
article. 

Ireland,  in  common  with  all  other  countries,  has 
had  to  fall  in  with  the  fuel  economy  policy  of  to-day. 
Ever^-  power  station  and  consumer  of  coal  has  had 
to  adopt  means  of  more  efficiently  utilizing  supphes. 
Effective  restraints  were  put  into  force  against  unUmited 
use  of  fusl  ;  consumers  were  obliged  in  many  cases 
to  remove  or  repair  inefficient  apparatus  and  replace 
uneconomical  methods  of  operation.  Electric  power 
stations  and  factories  were  compelled  to  adopt  methods 
towards  the  conservation  of  high-grade  coal  by  the 
use  of  low-grade  coal. 

To  correct  the  extravagant  use  of  coal  the  first  and 
most  obvious  method  was  adopted.  Engineers  were 
appointed  to  assist  the  Government  in  a  fuel-economy 
campaign  ;  in  this  way  considerable  savings  were 
effected  in  the  amount  consumed  by  eliminating  losses 
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due  to  careless  and  inefficient  operation.  Most  of  the 
members  are  no  doubt  acquainted  with  the  methods 
of  procedure  and  I  do  not  propose  to  go  into  details, 
but  as  the  matter  is  one  of  burning  interest  to  electrical 
engineers,  and  as  there  is  nothing  more  important  at 
the  present  time  than  fuel  economy,  I  should  like  to 
refer  briefly  to  the  results  obtained  in  electric  power 
stations. 

The  progress  that  has  been  made  and  the  increased 
efficiency  obtained  with  the  growth  of  the  power- 
station  industry  is  remarkable,  and  we  all  know  that 
the  power-station  industry  has  now  become  a  necessity 
to  the  economic  life  of  the  nation. 

We  have  in  Ireland  13  power  stations  using  coal  and 
furnishing  technical  returns  to  the  Board  of  Trade 
Coal  Mines  Department.  During  the  year  ending 
31st  March,  igi8,  the  total  number  of  units  generated 
by  these  stations  amounted  to  59,159,700.  The  total 
consumption  of  coal  in  the  13  stations  amounted  to 
117,640  tons.  The  following  year  ending  31st  March, 
1919,  the  number  of  units  generated  was  reduced  by 
3,119,365  and  a  saving  of  5,667  tons  of  coal  was 
effected. 

Power  station  engineers  during  the  past  year  adopted 
every  possible  means  towards  the  efficient  control 
of  the  apparatus  at  their  disposal,  which  in  many 
cases  is  not  of  the  most  modern  type,  and  everything 
possible  was  done  to  obey  the  fuel-saving  edict  of  our 
late  Coal  Controller.  In  my  opinion  the  result,  having 
regard  to  the  load,  the  available  plant  and  the  quantity 
of  low-grade  fuel  consumed,  may  be  considered  satis- 
factory. Needless  to  say,  all  the  methods  so  far  adopted 
only  touch  the  fringe  of  fuel  economy  as  it  is  understood 
to-day.  , 

Electric  power  stations  in  Great  Britain  and  Ireland 
using  coal-  or  coke-fired  boilers  have  been  divided  into 
areas  and  groups.  Area  No.  22  denotes  Ireland,  and 
the  figures  obtained  last  year  give  her  12th  place  on 
the  list  of  areas  arranged  in  the  order  of  lowest  average 
for  pounds  of  fuel  consumed  per  unit  generated,  and 
1 7th  place  on  the  list  of  areas  arranged  in  the  order  of 
highest  thermal  efficiency.  The  average  consumption 
of  fuel  per  unit  generated  in  Ireland  last  year  was 
450  lb.  and  in  the  United  Kingdom  3  459  lb. 

The  average  calorific  value  of  the  coal  delivered  at  my 
station  during  the  year  ending  31st  March,  1918,  was 
11,050  therms  per  lb.,  and  last  year  the  average  fell 
to  9,840  therms  per  lb.  The  thermal  efficiency  of  this 
station  during  the  first-mentioned  year  was  902  per 
cent,  and  last  year  890  per  cent.  The  coal  consumption 
per  unit  generated  increased  from  3-41  lb.  in  the  year 
1918  to  390  in  the  year  ending  31st  March,  1919. 

Members  will  note  from  the  above  figures  that  the 
number  of  therms  used  per  watt-hour  generated  was 
37'68  and  3837  respectively  for  the  two  years  under 
review.  These  figures  may  be  taken  as  the  best  that 
can  be  obtained  in  Ireland  under  prevailing  conditions 
in  stations  using  coal-fired  boilers. 

In  the  year  1894  a  figure  of  117  therms  per  watt- 
hour  was  given  as  an  average  for  23  English  power 
stations,  and  32-6  therms  per  watt-hour  generated 
was  considered  a  possible  figure  for  ideal  works  ;  now 
27  therms  per  watt-hour  generated  is  considered  to  be 


common  practice,  and  in  power  stations  with  good! 
load  factors  and  modern  plant  20  therms  per  watt-hour 
generated   has  been   obtained. 

The  highest  thermal  efficiency  of  any  power  station 
in  Great  Britain  and  Ireland  generating  between  3  and' 
15  million  units  per  annum  during  the  year  ending: 
31st  March,  1919,  was  1119  per  cent,  and  the  lowest 
fuel  consumption  per  unit  generated  was  2  61  lb.  There 
are  114  power  stations  in  this  group  and  four  of  them 
are  situated  in  Ireland.  For  power  stations  generating: 
between  15  and  50  million  units  per  annum — and  in 
this  group  there  are  53  stations — the  lowest  fuel  con- 
sumption per  unit  was  2  19  lb.  and  the  highest  thermal 
efficiency  14'05  per  cent.  Altogether  there  are  438 
power  stations  included  in  the  completed  summary 
of  the  Coal  Mines  Department.  Eighteen  of  these 
are  stations  generating  over  50  million  units  per  annum 
and  the  total  number  of  units  generated  last  year  by 
these  18  stations  was  2,038,492,583,  while  the  total 
for  the  whole  438  stations  was  only  a  little  more  than 
double  this  figure.  The  highest  thermal  efficiency 
obtained  last  year  at  any  station  in  Great  Britain  was 
18  per  cent,  and  the  lowest  fuel  consumption  per  unit 
generated  was   180  lb. 

It  has  been  estimated  that  the  average  coal  consump- 
tion per  unit  in  the  year  1888  was  24  lb.  Now  we  know 
that  it  is  possible  to  obtain  a  coal  consumption  of  less 
than  2  lb.  per  unit,  using  coal  having  a  thermal  value 
of  11,000  therms  per  lb.  Members  will  have  noted 
the  remarkable  results  concerning  the  working  of  the 
Connors  Creek  power  station  where  a  kilowatt-hour 
is  generated  for  a  consumption  of  i'42  lb.  of  coal,  and 
electrical  engineers  hope  to  keep  on  improving  the 
efficiency  so  as  to  reach  the  ideal  now  desired,  viz. 
one  kilowatt-hour  delivered  on  the  switchboard  for 
each  pound  of  coal  consumed. 

Our  past  Chairman,  the  late  Mr.  J.  P.  Tierney,  in 
his  address  *  referring  to  the  electrification  of  railways- 
gave  a  figure  of  6  lb.  of  coal  per  horse-power-hour  for 
steam  locomotives,  and  it  is  interesting  to  compare  this 
figure  with  the  one  now  obtained  in  power  stations. 
If  we  take  figures  for  power  stations  and  distribution- 
efficiencies  now  admitted  to  be  within  the  range  of 
established  working  conditions,  we  have  180  lb.  of 
coal  per  unit  ;  allowing  about  10  per  cent  for  falling 
off  of  plant  efficiency  and  vaiying  conditions  of  operation 
we  arrive  at  a  figure  of  2  lb.  of  coal  per  kilowatt-hour. 
The  efficiency  for  conversion  and  line  losses  representing' 
American  railway  practice  are  as  follows  : — Step-up 
transformers  98  5  per  cent,  step-down  transformers 
97 '5  per  cent,  conversion  plant  88  per  cent,  trolley- 
line  90  per  cent,  electric  locomotive  88  per  cent.  The 
combined  efficiency  from  the  switchboard  to  the  draw- 
bars of  the  electric  locomotive  works  out  at  63  4  per 
cent.  We  thus  arrive  at  a  figure  of  2 '35  lb.  of  coal  per 
horse-power-hour  at  the  locomotive.  It  would  appear 
from  this  simple  consideration  that  coal  conserv-ation 
by  electrification  of  railwavs  is  likel)'  to  be  carried  through 
at  a  rapid  rate  in  the  near  future,  particularly  on  suburban 
lines  and  where  a  large  amount  of  shunting  work  has 
to  be  done,  and  it  is  important  to  note  that  most  of 
the  fuel  saved  would  be  high-grade  coal.  There  is- 
•  Journal  I.E.E.,  1919,  vol.  57,  p.  :y. 
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more  than  one  railway  in  our  own  country  where  an 
immediate  saving  of  coal  could  be  made,  and  I  believe 
a  profitable  result  would  follow  electrification  of  a 
portion  of  our  local  lines.  Main-line  electrification 
-will  also  offer  considerable  opportunity  for  coal  con- 
servation, and  in  this  connection  we  may  expect  to 
hear  of  several  interesting  propositions  besides  electrifi- 
cation by  means  of  the  stationai"y  power  house  and 
"transmission  line. 

The  thermal  efficiency  referred  to  above  is  the  ratio 
■of  the  total  electrical  energy  delivered  at  the  switchboard 
to  the  total  energy  in  the  fuel  as  fired,  and  takes  into 
account  all  losses.  This  figure  to  the  electrical  engineer 
is  a  verj'  important  measure  of  progress.  We  have 
•seen  that  i8  per  cent  was  the  highest  attained  last 
year  in  Great  Britain  and  89  per  cent  in  Ireland.  In 
America  during  the  year  1913  a  large  unit  of  20,000 
kw.  capacity  with  turbo-generator,  boilers  and  auxil- 
iaries attained  a  thermal  efficiency  of  18  per  cent,  and 
in  the  year  1918  a  35,000-kw.  unit  reached  a  thermal 
•efficiency  of  21 '6  per  cent  (this  latter  figure  has  probabl)' 
teen  improved  during  the  current  vear).  The  steam 
•turbo-generator  unit  has  not  yet  reached  its  maximum 
•efficiency  and  it  is  calculated  that  in  the  near  future 
26  per  cent  will  easily  be  realized. 

The  economies  offered  by  large  power  stations  reflect 
■the  greatest  credit  on  all  concerned,  and  when  we  compare 
1;he  above  figure  with  the  small  stations  generating 
electricitv  and  consuming  from  10  to  20  lb.  of  coal 
per  unit,  as  must  be  the  case  in  such  stations  as  the 
Lucan  Electric  Railway,  the  Great  Northern  Railway 
Company's  power  station  at  Sutton,  and  the  DubUn 
Port  and  Docks  Board  station,  and  other  industrial  and 
private  plants,  it  is  not  surprising  that  the  tendency  is 
"towards  the  compulsory  closing  down  of  such  stations 
where  it  is  known  that  a  considerable  amount  of  the 
nation's  greatest  birthright  is  being  wasted  every 
day. 

To  the  steam  turbine  with  its  increasing  size  and 
efficiency  must  be  attributed  most  of  our  power-station 
progress.  The  first  large  steam  turbine  of  the  vertical 
type  was  installed  in  Chicago  in  1903  and  was  guaranteed 
"to  give  a  thermo-dynamic  efficiency  of  50  per  cent. 
In  recent  years  35,000-kw.  turbines  have  been  installed 
and  the  thermo-dviiamic  efficiency  is  now  about  80 
per  cent.  I  had  the  opportunity  recently  of  seeing  a 
couple  of  sets  approaching  the  latter  size,  one  a  B.T.H. 
turbo-alternator  of  30,000-kw.  capacitv  for  the  Rother- 
ham  Corporation,  the  other  a  British  Westinghouse 
turbo-alternator  for  Clyde  Valley.  The  maximum 
continuous  output  of  the  B.T.H.  alternator  at  075 
power  factor  1540,000  k.v.a.,  voltage  6,600,  amperes  per 
phase  3,490,  and  the  speed  1,500  r.p.m.  The  turbine 
is  designed  to  work  on  a  steam  pressure  of  220  lb.  per 
rsquare  inch  and  200  degrees  F.  superheat.  The  most 
economical  load  of  the  set  is  25,000  kw.  and  the  thermo- 
-dynamic efficiency  76'3  per  cent.  The  highest  thermo- 
dynamic efficiency  reached  in  America  during  the  year 
1917  is  stated  to  be  787  per  cent. 

Since  the  year  1905  the  development  of  the  turbo- 
. generator  has  been  very  rapid,  and  it  is  interesting  to 
follow  the  growth  of  the  sets  since  that  year.  In  1905 
•d.c.  engine  sets  of  3,000  kw.  capacity,  and  a.c.  engine 


sets  of  5,000  kw.  capacity  were  the  'ma.ximum  sizes  in 
that  year. 

Water-driven  turbo  -  alternators  increased  from 
12,000  kw.  capacit\'  in  1905  to  32,000  k.v.a.  in  1919. 

Steam  turbo-generators  of  3,000  r.p.m.  were  of  about 
1,000  kw.  capacity  in  1905,  3,500  kw.  capacity  in  1910, 
and  10,000  kw.  capacity  in  1915. 

Steam  turbo-generators  of  other  speeds  reached  12,000 
kw.  capacity  in  1905  and  more  than  doubled  their  size 
in  the  following  five  years,  reaching  27,500  kw.  capacity 
in  1910,  36,000  kw.  capacity  in  1915,  45,000  kw. 
capacity-  in  1918,  and  60,000  kw.  capacity  in  1919.  It  is 
frequently  stated  that  the  increase  in  the  size  of  the 
turbo-generator  or  the  individual  output  per  set  is 
closely  associated  with  cheap  power,  as  the  capital 
charges  per  kilowatt  are  reduced  and  the  efficiency 
is  increased. 

This  rate  of  development  reflects  the  greatest  credit 
on  electrical  and  mechanical  engineers  and  is  a  record 
of  progress  that  cannot  be  excelled  in  any  other  branch 
of  engineering.  This  is  not  the  end,  for  we  are  promised 
increased  efi&ciency  by  the  use  of  higher  steam  pressures 
and  temperatures  and  by  "  bleeding  "  or  tapping  the 
turbine  at  two  or  more  places,  placing  heaters  in  series, 
pumping  the  condensate  through  them  in  contra  flow 
and  direct  from  the  condensers  to  the  boilers.  The 
economizer  might  be  retained  as  a  form  of  air  heater, 
the  air  being  heated  by  the  gases  and  delivered  to  the 
boiler  for  combustion  purposes.  In  the  Connors  Creek 
power  station  members  will  have  noted  that  the  heated 
air  coming  from  the  electric  generators,  steam  pipes, 
etc.,  is  lead  to  the  boiler  furnace,  because  for  each 
kilowatt  generated  about  100  therms  can  be  recovered. 
Another  notable  progressive  proposal  is  Mr.  Emmett's 
two-fluid  method,  using  in  this  case  mercury  and  steam. 
He  superimposes  on  the  steam  temperature  a  high 
temperature  by  the  use  of  mercury  vapour.  The 
expected  ef&ciency  is  very  great,  meaning  some  40 
per  cent  sa^^ng  in  fuel  ;  but  progress  has  been  delayed 
by  pressure  of  war  work. 

^\^lilst  it  is  recognized  that  the  steam  turbine  has 
revolutionized  power-station  development  and  that 
greater  freedom  in  the  choice  of  starion  sites  with  a 
plentiful  supply  of  water  has  been  greatly  faciUated 
by  high-tension  transmission  ;  boiler-house  improvements 
have  also  made  great  advances. 

Automatic  stokers,  steam-raising  de\dces,  recorders 
and  auxiharies  have  contributed  considerably  towards 
improving  thermal  ef&ciency.  As  the  size  of  the  turbo- 
generator increased  so  also  did  the  size  of  the  watertube 
boiler  expand.  Boilers  are  now  installed  in  Great 
Britain  for  an  evaporation  of  70,000  to  80,000  lb.  per 
hour,  and  some  are  capable  of  an  overload  duty  of 
104,000  lb.  of  water  per  hour  from  and  at  212°  F.  In 
America,  at  Detroit,  a  peak  load  duty  of  100,000  lb.  per 
hour  per  boiler  is  carried  and  up  to  160.000  lb.  per  hour 
is  expected.  Boiler  working  pressures  are  also  on 
the  increase,  at  Glasgow  275  lb.  per  square  inch  is  to 
be  used  at  the  new  Dalmamock  station.  At  Carville 
power  station  275  lb.  per  square  inch,  and  for  the  new 
Barton  station  at  Manchester  a  boiler  pressure  of  375 
lb.  per  square  inch  is  contemplated.  At  Detroit  station 
plant  is  working  at  350  lb.  per  square  inch  and  at  the 
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British  Thomson-Houston  Company's  power  house 
at  Rugby  there  is  a  350  lb.  per  square  inch  pressure 
plant  with  Babcock  and  Wilcox  self-contained  marine- 
type  boiler,  that  is,  boiler,  superheater,  economizer 
and  stoker  inside  one  casing.  This  plant  was  designed 
by  Mr.  Samuelson  and  put  into  service  in  the  year 
1914.  I  saw  it  after  almost  four  years'  continuous 
working  and  everything  appeared  to  be  satisfactory. 
The  turbine  has  been  opened  up  for  inspection  and  the 
blading  found  to  be  in  first-class  condition.  There 
are  217  self-contained  boiler  units  actually  in  operation 
and  the  capacity  of  these  boiler  units  varies  from  25,000 
to  90,000  lb.  evaporation  per  hour.  I  briefly  refer 
to  the  above  installations  to  draw  attention  to  the 
efforts  that  engineers  are  making  towards  conservation 
of  resources  and  providing  power  at  a  cheaper  rate. 
I  am  preparing  a  high-pressure  boiler  and  turbo  unit 
scheme  to  compare  with  the  running  of  present  plant 
at  my  station  and  with  a  view  towards  increased  economy 
in  connection  with  future  extensions. 

The  use  of  low-grade  fuel  is  now  a  matter  of  consider- 
able importance  and  is  worth}'  of  close  investigation 
in  this  country  particularly.  Investigation  into  pro- 
duction and  methods  of  utilizing  low-grade  fuels  and 
developments  in  other  countries  have  demonstrated 
that  the  use  of  such  fuels  ma)'  be  made  to  afford  economies. 
Stoker  apparatus  for  forced  draught  has  been  on 
the  market  for  a  number  of  years  burning  low-grade 
fuel  ;  there  are  32  forced-draught  travelling-grate 
stokers  at  the  Gas  de  Lyon  burning  coke  breeze,  and 
at  the  Priestman  Colliery  Company's  ^^^unfield  power 
station  there  are  four  small  Stirling  watertube  boilers 
equipped  for  burning  coke  breeze.  Two  large  Stirling 
boilers,  each  having  a  capacity  of  35,000  lb.  of  steam 
per  hour  when  burning  coke  breeze,  are  equipped  each 
with  two  forced-draught  travelling-grate  stokers. 
Altogether  some  725  of  these  stokers  have  been  manu- 
factured in  England,  and  counting  those  made  in  France, 
Austria  and  Germany  the  total  number  manufactured 
would  be  1,500.  I  should  here  like  to  mention  that  to 
burn  coke  breeze  and  to  burn  Irish  anthracite  is  not 
quite  the  same  proposition,  although  the  average  per- 
centage of  volatiles  in  each  is  about  the  same  ;  there 
is  a  considerable  difference  in  the  physical  properties 
of  coke  breeze  and  anthracite. 

Several  tests  and  experiments  have  been  made  with 
existing  stokers  as  at  present  installed,  but  it  has  not 
been  found  possible,  so  far  as  I  am  aware,  to  burn  Irish 
anthracite  coal  in  sufficient  quantity  or  at  a  sufficient 
rate  to  meet  large  power-station  conditions.  I  have 
had  experiments  made  but  could  not  burn  this  fuel 
on  the  apparatus  at  hand  except  on  one  boiler,  and 
with  this  only  obtained  an  evaporation  of  4^9  lb.  of 
water  per  lb.  of  coal  from  and  at  212°  F.  with  a  con- 
sumption of  14-6  lb.  of  coal  per  square  foot  of  grate 
per  hour  ;  we  want  to  be  able  to  burn  at  least  25  lb. 
of  coal  per  square  foot  of  grate  per  hour.  The  makers  of 
the  forced-draught  travelling  grate  stokers  claim  that 
their  stokers  will  burn  Irish  anthracite  coal  at  this 
rate,  and  I  understand  a  number  of  these  stokers  are 
at  present  being  installed  at  the  Corporation  electricity 
■works. 

Forced- draught  travelling-grate  stokers  installed   at 


the  Lambton  and  Hetton  ColUery,  Philadelphia,  power 
station  where  a  great  variety  of  fuel  has  been  burned 
varying  from  rough  small  of  high  calorific  value  to 
colliery  waste  have,  I  am  informed,  burned  anthracite- 
coal  with  excellent  results.  At  an  anthracite  colliery 
in  the  Swansea  district  there  is  a  forced-draught  stoker 
on  a  Babcock  and  Wilcox  boiler  of  6,182  square  feet 
heating  surface  and  I  understand  its  ability  to'  burn 
anthracite  successfully  was  fully  demonstrated. 

Amongst  the  many  other  devices  suggested  for  more 
efficiently  utilizing  our  fuel  resources  may  be  mentioned 
one  recently  installed  at  the  Hammersmith  electricity 
works.  I  refer  to  powdered  fuel  ;  this  process  is  by 
no  means  new,  it  has  been  in  use  about  25  years  in  America 
principally  in  the  cement  industry,  and  incidentally 
I  might  mention  that  this  fact  is  worth  bearing  in 
mind  in  connection  with  the  development  of  cement 
manufacture  in  Ireland.  Patents  for  a  process  of 
burning  powdered  fuel  were  taken  out  in  England  80 
years  ago  and  for  a  means  of  firing  a  locomotive  boiler 
in  America  a  patent  was  granted  in  1881.  During  the 
last  decade  there  have  been  many  powdered  fuel  plants 
put  down,  but  it  is  only  recently  that  developments 
have  been  able  to  overcome  difficulties  experienced 
with  powdered  fuel  for  use  in  stationary  boiler  plants. 
Installations  are  now  being  put  down  in  power  stations'- 
and  the  results  will  be  watched  with  the  greatest  interest. 

In  America  the  consumption  of  coal  in  powdered' 
form  is  about  10  million  tons  per  annum,  the  consumption- 
being    approximately    as    follows  : — 

Manufacture  of  cement  ..  ..  6,000,000  tons., 

Iron  and  steel  industry  . .  . .  2,000,000     ,, 

Production  of  copper  ..  ..  ..  [1,500,000     ,, 

Generation  of  power    .  .  . .  . .         200,000     ,,. 

In  addition  the  development  of  fuel  in  this  form  orr 
board  ship  and  on  locomotives  is  now  under  way.  A 
trial  locomotive  has  been  designed  at  the  Gorton  works 
of  the  Great  Central  Railway  and  there  are  railways 
in  Brazil  and  Sweden  operating  with  such  fuel  ;  in  the 
latter  country  powdered  peat  is  used  successfully  for 
this  purpose. 

Powdered-fuel  supply  companies  are  now  formed  in 
America  and  deliver  fuel  in  containers  for  use  in  apart- 
ment houses,  office  buildings,  and  hotels.  One  company 
ships  and  delivers  the  powdered  fuel  in  special  tank 
wagons  and  from  these  it  runs  into  the  customers' 
receptacles.  The  trouble  at  present  appears  to  be 
connected  with  the  furnishing  of  the  apparatus  which 
is  holding  up  development. 

During  recent  j'ears  American  engineers  have  been 
practically  forced  to  find  a  suitable  fuel  to  help  out  the 
falling  supplies  of  natural  gas.  This  has  led  to  the 
close  investigation  of  powdered  fuel,  and  so  far  as 
bituminous  coal  is  concerned  the  results  show  that 
the  use  of  pulverized  coal  has  now  passed  the  experi- 
mental stage.  Recent  advances  with  this  method  of 
burning  fuel  have  shown  marked  economy  and  it  will 
likely  be  more  widely  used  when  it  is  better  understood. 
The  question  of  greatest  interest  to  Irish  engineers 
is  :  will  this  method  of  burning  fuel  be  applicable  to 
Irish  coal  or  peat  ?  It  is  claimed  that  by  pulverizing 
fuel    and    applying    it    in  the  correct  powdered    form. 
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both  high-grade  anthracite,  bituminous  coal  and  coal 
of  lower  commercial  value,  also  peat,  lignite,  colliery 
waste  heaps,  waste  anthracite  culm  are  now  being 
successfully  burned. 

There  is  a  very  interesting  report  issued  by  the  Fuel 
Research  Board  on  pulverized  coal  systems  in  America. 
This  report  consists  of  notes  made  by  Mr.  Harvey  who 
investigated  the  matter  last  year  in  America  on  behalf  of 
the  British  Government.  I  have  been  in  correspondence 
with  Mr.  Harvey  and  he  informs  me  that  he  has  followed 
the  coal  situation  in  Ireland  very  closely  and  has  been 
in  touch  with  Mr.  Burgess  with  a  \'iew  to  giving  evidence 
before  the  Irish  Coal  Commission  on  the  subject  of 
using  Irish  fuels,  especially  anthracite  culm  and  Irish 
peat.  He  also  informs  me  that  Irish  anthracite  con- 
taining 5  per  cent  volatile  and  4  per  cent  ash  would 
be  ao  exceptional  coal  to  be  used  in  pulverized  form. 


The  content  of  volatile  matter  would  be  quite  sufficient 
to  maintain  continuous  firing  in  power-station  boilers, 
and  the  plant  could  be  run  for  very  long  periods  without 
cleaning.  Semi-anthracite  coal  would  also  be  ideal 
fuel,  containing  15  per  cent  volatile  and  20  per  cent  ash. 
I  There  are  numerous  details  in  connection  with  the 
design  of  burners,  furnaces,  drying  and  powdering 
the  fuel,  and  there  are  many  practical  points  of  importance 
when  burning  low-grade  anthracite  that  differ  from- 
those  used  when  burning  bituminous  coal,  such  as 
reversal  of  the  flame,  a  method  not  resorted  to  when 
burning  bituminous  coal. 

I  venture  to  state  that  the  powdered  fuel  system  is 
worthy  of  careful  investigation  in  this  country  and 
should  receive  financial  aid  from  the  Local  Ad\asory 
Committee  of  Scientific  and  Industrial  Research  on  the 
lines  alreadv  granted  for  industrial  research. 
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Electriciiy  Supply  Bill. 

Under  this  Bill  there  will  be  set  up  a  Board  of  Com- 
missioners who  will  have  absolute  control,  subject  to 
the  Board  of  Trade,  of  the  whole  of  the  electricity 
supply  industry  throughout  the  country.  They  will 
be  empowered  to  devise  some  comprehensive  scheme 
of  supply  and  distribution  in  bulk,  and  adopt  methods 
suitable  to  the  conditions  prevailing  in  the  different 
areas.  The  powers  conferred  by  the  Bill  upon  the 
Commissioners,  if  carried  into  effect  in  the  right  spirit, 
will  be  of  undoubted  advantage  to  the  whole  community. 

The  formation  of  District  Boards  will  be  suspended 
for  the  time  being,  in  order  to  give  those  interested 
a  fair  opportunity  of  de\'ising  schemes  suitable  for 
such  areas,  failing  which.  District  Boards  will  be  set 
up  to  take  over  sole  control. 

This  was  one  of  the  objectionable  features  of  the 
Bill  when  originally  presented,  and  which  fortunately 
has  been  removed,  as  I  think  it  was  generallv  felt  that 
in  some  cases  District  Boards  would  be  set  up  which 
would  be  comprised  of  indi\-iduals  having  no  know- 
ledge whatsoever  of  the  electrical  industry  or  of  the 
requirements  of  any  particular  area.  If  those  already 
interested  and  controlling  the  industry  in  any  particular 
area  fail,  however,  to  dexdse  a  scheme  which  will  satis- 
factorily deal  with  the  situation,  of  course  they  them- 
selves must  accept  the  responfibihty  and  the  one  and 
only  alternative. 

I  am  one  of  those  who  would  favour  the  formation 
of    a    District    Board    at    the    outset,    comprising    the 


technical  representatives  of  the  various  undertakings 
in  an  area  ;  and  if,  and  so  long  as,  they  enter  into 
the  business  with  an  entirely  open  mind,  without  any 
prejudice  regarding  their  particular  undertaking  or 
any  other,  I  feel  satisfied  that  only  good  work  would 
ensue,  and  that  a  Board  constituted  in  this  way  would 
be  of  undoubted  advantage  to  the  Central  Board  of 
Commissioners  in   London. 

I  would  at  no  time  include  the  direct  municipal 
representatives,  as  they,  to  an  extent,  must  be  influenced 
by  local  sentiment.  The  local  technical  representa- 
tives ought  to  be  able  to  devise  a  scheme  or  arrange- 
ment of  interests  such  as  they  would  draw  up  if  they 
were  either  financially  interested  or  affected  by  the 
results  obtained. 

This  is  not  an  opinion  resulting  from  any  intended 
severance  with  municipal  work,  but  one  which  I  have 
all  along  held.  In  fact,  during  negotiations  which 
have  e.xtended  over  a  period  of  years  with  an  important 
local  company,  I  went  so  far  as  to  suggest  to  the 
company  that  if  they  were  able  to  piit  up  a  power 
station  and  generate  and  sell  at  a  lower  cost  than  that 
at  which  we  are  able  to  do  from  the  local  authority's 
station,  I  would  be  prepared  to  advise  such  authority 
to  take  a  supply  in  bulk,  and  this  is,  I  think,  the 
proper  view  for  anybody  to  hold. 

A  particularly  good  feature  in  the  Bill  is  that  relating 
to  wavleaves,  which  will  most  certainly  affect  most 
undertakings,  and  particularly  that  with  which  I  have 
been  connected  during  the  past  igi  years,  but  which 
I  am  about  to  leave,  in  order  to  join  that  branch  of  the 
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profession  which  our  immediate  Past  Chairman  in  his 
Address  last  year  *  considered  to  be  a  fast  disappearing 
one.     However,  I  hold  somewhat  different  views  to-day. 

Another  good  feature  of  the  Bill  is  that  relating 
to  existing  areas,  which  in  the  past  have  suffered  as 
a  result  of  being  too  restricted  in  regard  to  not  only 
lighting  and  power  supplies,  but  also — and  what  is 
of  equal  importance — transport  facilities.  A  particular 
district  must  not  be  denied  a  supply  simply  because 
the  authorized  source  of  supply  for  the  district  is 
remote,  whilst  some  other  source  may  be  available 
at  the  boundary. 

Considerable  thought  will  have  to  be  given  to  the 
effect  that  will  ensue  as  a  result  of  scrapping  machinery 
and  plant  already  existing,  the  cost  of  which  will  have 
to  be  taken  into  account  in  connection  with  new  stations 
that  may  be  erected,  controlling,  as  it  will  do,  the 
prices  chargeable  to  consumers. 

The  proposed  super-power  stations  are  not  going 
to  be  set  up  in  a  day  or  two.  In  fact,  it  may  take 
j'ears  to  get  evervthing  properly  arranged,  and  yet 
something  must  be  done  in  the  meantime  to  supply 
the  increased  demands,  and  it  occurs  to  me  that  perhaps 
some  form  of  linking-up  of  groups  of  stations,  not 
far  remote  one  from  the  other,  would  be  easily  arranged 
pending  the  development  of  the  larger  scheme.  In 
this  connection  there  is  another  matter  which,  in  my 
opinion,  is  of  considerable  importance,  viz.  the  attitude 
of  the  individual  who  would  desire  to  take  a  public 
supply  and  meantime  has  to  install  his  own  plant. 
Such  plants  may  not  comply  with  standard  require- 
ments and  so  make  the  work  of  connecting  up  to  the 
public  supplies  somewhat  difficult — in  many  cases 
necessitating  the  scrapping  of  the  plant. 

During  the  period  of  the  war,  everybody  requiring 
plant  and  machinery,  no  matter  for  what  purpose, 
had  to  obtain  a  permit  from  the  Ministry  of  Munitions, 
giving  their  reasons  for  wanting  such  plant,  together 
with  its  type  and  other  details.  If  the  Board  of  Com- 
missioners could  continue  this  principle  of  control 
during  the  development  of  the  larger  scheme,  they 
would  be  able  to  ensure  that  all  private  installations 
would  be  capable  of  being  coupled  up  later  to  the 
general  supply  without  any  substantial  alterations 
being  necessary. 

The  question  of  frequencies,  voltages,  and  systems 
of  supply  in  different  areas  ought  to  be  settled  without 
delay,  so  that  prospective  consumers  will  know  what 
to  provide  for.  In  fact,  it  might  be  found  in  certain 
areas  that  the  whole  difficulty  could  be  solved  in  this 
way,  especially  in  those  areas  where  no  appreciable 
amount  of  waste-heat  gases  is  available. 

Then,  again,  present-day  prices  of  plant,  affecting 
the  cost  of  super-power  stations,  is  a  very  serious  matter 
and,  rightly  or  wrongly,  1  see  a  danger  in  ha\ing  the 
whole  of  the  electrical  supplies  controlled  from  a  too 
limited  number  of  super-power  stations. 

The  possible  attitude  of  labour  in  the  future  must 
also  be  taken  into  account.  The  fact  that  the  Elec- 
tricity Supply  Bill  will  make  it  a  penal  offence  for 
employees  of  electricity  supply  undertakings  to  cause 
interruptions  to  the  supply  by  striking,   under  certain 
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conditions  would  not  have  much  weight  with  some 
of  the  more  e.xtreme  leaders  of  labour,  and  we  want 
to  avoid  increasing  the  number  of  weapons  already 
used  for  enforcing  unreasonable  demands  upon  the 
community,  bearing  in  mind  the  influence  such  leaders 
have  with  large  bodies  of  workpeople  generally. 

Also,  we  must  not  overlook  the  disadvantages 
resulting  from  the  setting  up  of  super-power  stations, 
such  as  interruptions  of  supply  to  large  areas  through 
breakdowns  of  large  units  or  in  the  overhead  trans- 
mission lines,  as  against  existing  ones  which  are  only 
local  in  effort. 

It  will  undoubtedly  be  a  case  of  smaller  stations, 
and  even  those  of  medium  size,  automatically  dis- 
appearing and  being  absorbed  by  the  larger. 

There  is  another  feature  in  connection  with  the 
Bill  which  requires  some  clearer  definition,  viz.  the 
clauses  relating  to  charges  for  bulk  supplies,  which 
present  certain  difficulties,  notwithstanding  the  fact 
that  it  is  laid  down  that  those  whose  stations  may 
be  taken  over  shall  not  pay  higher  rates  than  those 
at  which  they  were  able  to  generate  power  themselves. 

Due  allowance  ought  to  be  made  in  the  case  of 
stations  the  owners  of  which  have  been  waiting  for 
the  termination  of  the  war  in  order  to  carry  into  effect 
alterations  and  extensions  of  plant,  also  the  scrapping 
of  plant  which  has  become  obsolete,  in  order  further 
to  reduce  their  cost  of  production,  all  of  which  might 
be  done  without  any  appreciable  expenditure  of  capital. 
I  hope  that  such  facilities  will  be  readily  afforded  in 
the  meantime  and  full  advantage  taken  of  them. 
Further,  it  is  hoped  that  under  such  an  arrangement 
one  district  will  not  be  made  to  subsidize  another 
and   consequent   hardships   be  imposed. 

However,  I  think  we  are  all  agreed  that  the  Bill, 
subject  to  certain  amendments  which  are  likely  to 
be  made,  will  be  welcomed  as  a  means  of  effecting 
the  economical  production  and  distribution  of  supplies, 
which,  in  turn,  will  affect  the  production  of  all  other 
industries  and  help  the  country  generally  to  avoid 
slipping  back  into  conditions  that  might  reasonably 
be  termed  hateful,  involving,  possibly,  national  bank- 
ruptcy. 

Before  leaving  this  subject,  there  is  a  matter  to 
which  I  should  like  to  make  reference,  regarding  the 
Reports  upon  which  the  Bill  has  been  very  largely 
based.  I  am  afraid  I  must  come  into  conflict  with 
our  Past  Chairman  regarding  the  development  of  the 
electrical  industry  by  municipal  authorities,  which, 
in  his  opinion,  has  been  disastrous,  whereas  I  consider 
that  the  credit  which  is  due  to  them  has  not  been  given. 

I  cannot  conceive  in  what  way  their  operations  have 
been  disastrous.  It  is  quite  true  that  they  have  been 
compelled  to  supply  in  restricted  areas,  but  surely  the 
fault  in  this  respect  lies  more  particularly  with  those 
Government  Departments  which  are  so  tightly  bound 
with  red  tape  and  to  which  I  have  already  referred. 

Many  of  the  municipal  undertakings,  if  not  all, 
would  have  willingly  extended  beyond  their  areas  if 
they  had  been  allowed  to  do  so,  but  Government 
Departments  have  been  too  apt  to  listen  to  the  plead- 
ings of  smaller  urban  and  rural  councils,  whose  opposition 
has  merely  emanated  through  jealousy. 
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There  may  have  been,  of  course,  some  cases  where 
the  activities  of  certain  authorities  have  not  been 
such  as  one  would  desire,  but  I  think  it  will  be  agreed 
that  municipalities  generally  have  played  a  great 
part — particularly  during  the  period  of  the  war.  From 
this  point  of  \'iew  the  paper  *  by  Mr.  Arnold  B.  Gridley 
(Director  of  Electric  Power  Supply),  in  conjunction 
with  Mr.  A.  H.  Human,  is,  in  my  opinion,  a  splendid 
testimonial  to  what  municipal  authorities  have  done 
and   the  results  that  have   been  obtained. 

A  fair  comparison  as  between  company  and  municipal 
undertakings  was  not  made  when  evidence  was  sub- 
mitted to  the  various  committees  set  up  by  the  Govern- 
ment to  inquire  into  this  important  matter,  and  the 
•conditions  relating  thereto  are  very  different  in  the 
two  cases.  In  the  one  case,  provision  for  proper 
depreciation  and  obsolescence  of  plant  is  sometimes 
•disregarded  in  order  to  obtain  dividends  and  maintain 
the  market  values  of  shares,  and  to  satisfy  temporarily 
those  who  have  invested  their  money,  but  in  the  other 
•case,  that  of  municipal  undertakings,  there  is  no  option. 
The  total  capital  debt  has  to  be  liquidated  within  a 
given  period  of  time. 

In  order  to  make  a  comparison  that  would  be  fair 
to  both,  I  consider  that  gross  profits  in  each  case  should 
be  shown  after  allowing  for  management  charges,  etc., 
and  then  how  such  profit  has  been  disposed  of. 
It  might  be  shown  that  the  amounts  set  aside  by 
municipal  undertakings,  as  interest  on  loans  and  for 
redemption  of  capital  by  means  of  sinking  fund  instal- 
ments, would  exceed  the  amounts  distributed  in  the 
form  of  dividends  by  companies. 

However,  the  Bill — if  carried  into  effect  in  the  proper 
way — should  be  of  considerable  advantage  to  all. 

There  is  one  matter  which  appears  to  be  perfectly 
clear,  namely,  the  impossibility  of  standardizing  one 
frequency.  It  may  be  necessary  to  standardize  merely 
in  different  areas,  in  consequence  of  the  enormous 
amount  of  capital  already  expended  in  such  areas, 
not  only  in  generating  plant,  but  in  substations  and 
oipon    consumers'    premises. 

Ways  axd  Com.munications  Bill. 

The  setting  up  of  a  Ministry  controlhng  Transpoit 
fgenerally,  provided  under  the  Ways  and  Communi- 
■cations  Bill,  is  an  important  step  and,  in  my  opinion, 
•a  step  in   the  right  direction. 

There  may  be  objections  to  giving  carte  blanche  to 
■so  enormous  a  Department  as  tliis  is  likely  to  be,  but, 
after  all,  transport  directly  affects  the  trade  of  the 
■country  and  it  is  essential  that  all  forms  of  transport 
should  be  properly  co-ordinated. 

The  many  instances  of  companies  competing  with 
local  a'Uthorities  will  have  to  be  removed,  and  all  must 
agree  to  work  together  for  the  good  of  the  industry 
generally. 

Many  of  us  are  conversant  with  the  difficulties 
•regarding  the  interchange  of  running,  where  two 
■systems  of  tramways  adjoin  one  another ;  and  the 
ieeUng  of  jealousy  between  one  authority  and  another, 
-whether  municipal  or  company,  which  has  been  allowed 
to  prevail  in  the  past  and  which,  in  my  opinion,  has 

*  Journal  I.E.E.,  1919,  vol.  57,  pp.  406  aad  541. 


undoubtedly  adversely  affected  the  interests  of  both, 
will  have  to   be  removed. 

Further,  I  am  of  opinion  that  the  Ministr\'  of  Ways 
and  Communications  will  be  of  advantage  to  those 
at  present  responsible  for  the  provision  of  transport 
facilities  in  local  areas. 

Regarding  the  question  of  transport  facilities,  I 
read  a  paper  before  the  Municipal  Tramways  Association 
at  their  Conference  in  191 7,  ha\"ing  particular  reference 
to  the  development  of  the  tramways  industry-,  and 
even  at  that  time  I  had  in  mind  something  similar 
to  what  will  in  my  opinion  be  likely  to  result  from 
the  Bill.  I  pointed  out  that  upon  the  termination 
of  the  war,  with  the  railways  suffering  as  a  result  of 
depletion  of  rolling  stock  and  engines,  great  openings 
for  tramways  and  transport  undertakings  generally 
would  arise,  and  I  also  suggested  that  the  railways  would 
later  be  used  for  the  long-distance  traffic,  whilst  tram- 
ways or  light  railways  would  cater  for  all  the  less 
important  traffic.  I  suggested  that  canals  and  water- 
ways would  probably  be  taken  over  and  converted  to 
either  electric  or  steam  haulage,  in  order  to  relieve 
the  pressure  upon  the  railways. 

During  the  period  of  the  war,  we  have  learnt  the 
lesson  of  the  advantages  of  the  cultivation  of  food. 
We  have  also  had  opportunities  of  appreciating  the 
difficulties  of  transporting  such  food  from  where  it 
is  produced  to  the  important  centres,  from  which  it  ■ 
is  either  distributed  or  disposed  of  entirely.  All  these 
difficulties  have  arisen  as  a  result  of  restrictions  pre- 
\-iously  imposed  upon  municipal  and  company  under- 
takings, willing  to  cater  for  the  SEime,  but  not  allowed 
to  do  so. 

The  development  of  tramwaj-s  and  other  forms  of 
transport  will  certainly  be  necessary  in  connection 
with  housing  schemes,  to  enable  the  working  classes 
to  obtain  better  enjoyment  out  of  life  by  living  further 
than  they  do  at  present  from  their  centres  of  work, 
and  such  extensions  as  tend  towards  the  development 
of  breathing  spaces  and  residential  districts. 

They  will  have  a  direct  effect  upon  the  development 
of  factories  and  works,  which  must  necessarily  be 
set  up  if  we  are  to  prevent  ourselves  slipping  back  into 
those  hateful  conditions  that  prevailed  prior  to  the  war. 

I  think  we  can  reasonably  look  forward  to  seeing 
at  some  future  date — I  hope  not  far  distant — towns 
and  cities  generally,  both  large  and  small,  intercon- 
nected in  this  way.  Not  only  so,  but  that  the  time 
must  come  when  important  tramway  undertakings 
will  have  to  be  linked  up  by  means  of  sidings  to  works 
connected  with  important  industries,  so  that  during 
many  of  the  24  hours  when  the  transport  of  the 
ordinan,-  passenger  is  not  required,  the  lines  and  equip- 
ment can  be  used  for  the  transport  of  goods. 

All  this  will  undoubtedly  tend  towards  conser\-ing 
coal  supplies   for  more  important  purposes. 

If  the  setting  up  of  a  Jilinistry  such  as  this  does 
nothing  else  but  remove  the  system  of  red  tape  which 
has  previously  prevailed,  it  will  have  done  a  very 
good  work  and  one  to  which  we  are  looking  forward 
with   the   keenest   possible  interest. 

The  urgent  necessity  for  better  and  greater  develop- 
ment  in   road    transport   has   been    more   prominently 
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brought  to  the  notice  of  people  generally  during  the 
recent  railway  strike. 

The  electrification  of  railways  is  a  very  important 
feature  of  the  Bill,  distinct  entirely  from  what  I  have 
reason  to  think  will  take  effect  in  <;ourse  of  time,  viz. 
the  construction  of  special  transport  roadways  which 
will  be  looked  upon  as  main  arteries  throughout  the 
country  for  the  rapid  transport  of  goods. 

Roughly  speaking,  there  are  some  24,000  miles  of 
railway  in  the  United  Kingdom,  and  a  very  low  estimate 
based  upon  pre-war  figures  would  show  that  at  even 
/20,ooo  per  mile  the  cost  of  electrification  would  not 
be  less  than  some  400  million  sterling.  I'pon  tliis 
basis  it  is  not  difficult  to  imagine  what  the  present- 
day  cost  is  likely  to  be.  Whatever  such  cost  might 
be,  however,  it  must  necessarily  include  proper  pro- 
vision for  power  houses,  railways,  substations,  trans- 
mission lines,  and  all  other  work  incidental  to  the 
electrical  operation  of  railways,  and  when  it  is  borne 
in  mind  that  the  railway  capital  at  the  moment  is 
approximately  1,300  million  pounds  sterling,  and  is 
not  now  productive  of  di\'idends  owing  to  advances 
in  wages  and  cost  of  material.  The  addition  of  prob- 
ably more  than  one  half  to  this  capital  must  necessarily 
be  a  very  serious  matter,  but  it  is  assumed  that,  as 
a  result  of  electrification,  considerable  economies  will 
be  effected  in  the  operation  of  our  railways  and  will 
.have  the  eftect  of  counteracting  to  some  effect  the 
increase'  in   capital  expenditure. 

If  the  railways,  as  we  have  reason  to  think,  are  to 
be  eventually  handed  back  to  the  companies  pre- 
viously controlling  them,  there  may  be  some  difficulty 
in  raising  the  necessary  additional  capital,  unless 
financial  relief  is   afforded   by   the   Government. 

Let  me  at  once  say  that  I  hope  both  these  Bills — • 
the  Electricity  Supply  Bill  and  the  Ways  and  Com- 
munications Bill — will  be  entered  upon  the  Statute 
Book  at  an  early  date,  in  order  that  the  necessary 
works  shall  be  put  in  hand  without  any  loss  of  time. 

Coal. 

This  is  a  subject  about  which  we  are  all  very  much 
concerned. 

A  Coal  Commission  was  set  up  by  Parliament  to 
investigate  thoroughly  the  conditions  imder  which 
coal  was  produced.  We  have  all  probably  read  the 
proceedings  of  the  Commission  with  considerable  interest, 
and  it  is  now  felt  by  a  great  number  that  it  would  be 
a  national  calamity  if  the  coal  industry  were  to  be 
nationalized. 

I  think  I  may  safely  suggest  that  the  Constitution 
of  the  Commission  was  not  what  any  business  man 
would  recognize  ;  and  I  also  think  we  are  all  agreed 
that  an  industry  of  such  importance  as  the  coal  industry 
is  better  left  in  the  hands  of  private  enterprise,  if  and 
so  long  as  proper  means  are  provided  whereby  fair  wages 
and  reasonable  conditions  of  employment  are  secured 
to  the  workers.  There  is  a  considerable  amount  of 
satisfaction  in  the  knowledge  that  the  Government,  for 
very  obvious  reasons,  more  particularly  those  provided 
quite  recently  by  the  railway  strike,  are  not  so  sym- 
pathetically inclined  towards  the  question  of  nationaliza- 
tion as  they  might  have  been  previously. 


The  electrical  industry  depends,  almost  exclusively,, 
on  ample  and  cheap  supplies  of  coal,  and  the  under- 
taking with  which  I  am  connected  is  to-day  paying 
33s.  per  ton  for  coal  for  which  we  paid  13s.  prior 
to  the  war.  It  is  not  a  difficult  matter  to  appreciate 
the  effect  that  the  price  of  coal  has  upon  the  cost  of 
production,  and  the  necessary  increases  in  charges 
paid  for  supplies,  and  yet  we  talk  about  the  develop- 
ment of  the  use  of  electricity  generally  throughout 
the  country,  whilst  all  the  time  such  development  is 
being  made  more  difficult  in  the  way  I  have  indicated. 

The  restricted  output  of  coal  has  also  made  it  impossible 
to  put  in  hand  those  works  which  are  so  necessary 
owing  to  the  heavy  dilapidations  that  have  taken  place 
during  the  period  of  the  war.  Is  it  altogether  surprising, 
although  it  is  regrettable,  that  in  some  cases  we  find 
orders  being  placed  abroad  ? 

Many  of  us  feel  that  if  left  alone  the  greater  number 
of  the  workers  of  this  country  would  use  better  judg- 
ment ;  and  we  can  only  hope  that  the  formation  of 
Industrial  Councils  and  District  Councils  will  have  the 
desired  effect,  but  they  will  be  of  no  use  whatsoever 
unless  those  controlled  by  them  honestly  abide  by  their 
findings. 

Research  Work. 

This  is  a  matter  which  is  deserving  of  the  most  serious^ 
consideration.  A  very  interesting  Report  has  been 
submitted  by  a  Committee  of  the  Privy  Council,  dealing 
with  Scientific  and  Industrial  Research.  The  Report 
clearly  states  that  there  is  no  closed  door  to  research 
work.  It  is  open  to  all  who,  by  way  of  livelihood  or 
hobby,  direct  skilled  attention  to  the  subject,  as  well 
as  to  those  whose  present  concerns  are  fixed  in  the- 
laboratory. 

There  is  a  common  idea  that  the  discoveries  and' 
inventions  which  tend  to  facilitate  manufacture  and  to 
augment  the  conveniences  of  daily  existence  come 
by  chance.  The  fact  is,  that  even  where  the  element 
of  fortune  enters  into  the  case,  the  mind  of  the  discoverer 
or  inventor  has  been  prepared  for  its  revelation  by 
prior  study  and  active  interest,  and  that  the  usual 
avenues  of  discovery  and  invention  lie  through  patient 
work   in   the  laboratory   or   experimental   workshop. 

These  augmentations  of  learning  are  augmentations 
of  public  wealth.  In  the  view  of  many,  the  persons 
who  produce  these  results  are  the  chief  benefactors, 
of  the  species. 

In  some  instances,  the  exploitation  of  discoveries; 
and  inventions  was  deprecated,  in  the  public  interest,, 
in  past  years,  but  those  days  are  past.  Competition 
compels  the  manufacturer  to  avail  himself  of  every 
improvement  in  production  which  offers  itself,  and  in 
many  instances  the  manufacturer  employs  experts 
for  no  other  purpose  than  research  work.  If  the 
competitive  system  were  displaced  by  a  system  of  State 
monopoly,  the  incentive  to  research  and  the  exploitation 
of  discoveries  and  inventions  W'Ould  vanish. 

One  of  the  interesting  features  of  the  Report  of  the 
Privy  Council  Committee  is  that  relating  to  the  formation 
of  Research  Associations.  Minds  are  quickened  by 
contact  with  minds  ;  active  interest  is  reinforced  by- 
competition  and  emulation  ;    and  effort  is  saved  by  the 
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avoidance  of  duplication  and  all  dead  avenues  of 
inquiry. 

There  was  no  time  when  the  need  for  research  work 
was  greater  than  at  present.  We  need  more  economical 
use  of  coal,  the  discovery  of  new  sources  of  heat 
and  power,  better  utilization  of  national  resources  and 
waste  products.  There  is  the  need  of  having  our 
industries  placed  more  generally  upon  a  scientific  basis, 
and  we  have  need  to  produce  and  employ  a  much 
greater  number  of  efficient,  trained  workers  for  both 
production  and  research. 

Whilst  Germany  has  been  beaten  on  the  field  of 
battle,  she  is  not  going  to  remain  content  by  any  means 
and  has  put  forward  every  effort  to  recover  and,  if 
possible,  strengthen  her  position  commercially.  There 
is  no  doubt  that  in  Germany  an  enormous  amount  of 
research  work  must  have  been  carried  on,  resulting 
in  most  wonderful  improvements  in  war  machinerj', 
which  have  been  so  freely  used.  It  would  be  distinctly 
satisfactory  if  those  engaged  upon  research  work  could 
make  known  their  discoveries  to  all  others,  in  order 
that  they  might  have  the  advantage  in  some  cases  of 
some  particular  discovery  that  was  of  no  commercial 
value  to  the  indi\-idual  discovering  it. 

Research  work  has  not  had  that  amount  of  encourage- 
ment in  past  years  which  it  has  deserved.  I  recently 
turned  up  a  cutting  from  the  El'ctrician  of  the  4th 
.\pril,  1914,  in  which  attention  is  drawn  to  the  remunera- 
tion paid  to  men  who  are  supposed  to  be  highly  skilled, 
possessed  of  university  degrees,  etc.,  and  who  were 
to  be  responsible  for  the  training -of  the  minds  of  young 
people,  and  to  whom  a  salary  of  /150  per  annum,  rising 
to  ;f240  according  to  experience  and  qualifications, 
was  offered.  This  salary  was  aptly  compared  with  the 
wag6s  paid  to  a  non-skilled  indi\'idual,  sweeping  streets 
in  London,  and  in  receipt  of  at  least  ^3  5s.  per  weelii 
Yet  this  salarj'  was  offered  by  a  wealthy  concern. 

Of  course,  there  would  be  many  candidates  for  such 
positions,  but  in  most  cases  it  would  be  found  that  the 
candidates  themselves  would  be  very  much  in  need 
of   training. 


Technical  Staffs. 

In  conclusion,  there  is  one  matter  of  the  greatest 
importance  to  which  I  should  like  to  refer,  viz.  the- 
salaries  of  technical  staffs. 

I  am  of  opinion  that  local  authorities  and  employers- 
generally  have  not  appreciated  the  members  of  their 
technical  staffs  at  their  true  value.  This  has  resulted 
in  these  men  organizing  themselves  in  the  same  way 
as  the  ordinary  employees  have  done  for  a  number  of 
years  past ;  and  instead  of  graciously  granting  the 
additional  remuneration  more  fairly  representing  the- 
value  of  these  people,  employers  are  now  compelled  to- 
do  so.  This,  to  my  mind,  is  a  misfortune  in  more  ways, 
than  one.  At  one  time,  whilst  the  employees  had  the 
full  amount  of  war  bonus  or  war  wages  conceded  to  them 
by  Government  Departments  and  in  connection  with 
which  employers  had  no  option  whatsoever,  it  was 
generally  found  that  the  technical  members  of  the 
staffs  were  in  receipt  of  a  very  much  less  bonus 
and  their  positions  relative  to  the  other  employees, 
were  not  maintained. 

Personally  I  must  confess  that  I  welcomed  the  forma- 
tion of  the  Electrical  Power  Engineers'  Association,, 
although  I  was  strongly  of  opinion  that  it  was  most 
unfortunate  that  such  a  thing  should  hav-e  been 
necessary. 

It  is  in  cases  of  trouble  that  we  have  to  fall  back 
upon  our  technical  staffs,  and  there  are  many  instances 
where  employees,  dissatisfied  with  their  conditions, 
have  not  hesitated  to  withdraw  their  labour,  the  re- 
sponsibility of  keeping  things  going  being  undertaken 
by  the  technical  staff.  In  such  cases  as  these  even 
their  services  have  not  received  that  amount  of  recogni- 
tion which  they  have  deser\-ed. 

There  is  another  reason  why  the  formation  of  the- 
Electrical  Power  Engineers'  Association  has  been 
welcomed  as  it  has  been.  Certain  trade  unions  have 
threatened  a  withdrawal  of  labour  unless  the  members^ 
of  the  staff  join  their  unions.  If  such  a  thing  had  been 
left  possible,  the  results  would  have  been  lamentable. 
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Bj'  W.  M.  Selvey,  Member. 

(Address  delivered  at  Leeds,  ii  November,   1919.) 


I  have  to  express  my  great  thanks  to  the  members 
■of  this  Territorial  Centre  for  the  honour  they  have 
•done  me  by  electing  me  to  be  the  Chairman  for  this 
Session. 

A  comparative  stranger  from  further  Nortli  I  have 
experienced  to  the  full  the  heartiness  of  a  Yorkshire 
welcome.  I  think  I  may  say  that  I  have  followed 
pretty  closely  the  proceedings  of  this  Centre  for  the 
last  5 1  years  during  which  I  have  been  a  resident  in 
Sheffield,  and  it  has  given  me  great  satisfaction  to 
«ee  the  undoubted  signs  of  growth  and  progress  which 
'Culminate  this  year  in  the  re-establishment  of  meetings 
in  Sheffield  as  a  Sub-Centre  from  the  parent  Centre 
at  Leeds.  Our  membersliip  is  rapidly  increasing,  and 
there  are  such  a  considerable  number  of  members  now 
residing  in  and  around  Sheffield  that  the  decision  of 
the  Council  to  cater  for  them  specially  is  very  welcome. 

It  is  inevitable  that  a  Chairman's  Address  should 
-contain  many  references  to  topical  events,  but  the 
principal  topic  on  which  I  could  have  dwelt  most, 
-viz.  the  new  national  proposals  in  the  Electricity 
Supply  Bill  now  before  Parhament  is,  at  the  time  of 
writing,  an  unsuitable  subject  as  it  is  sub  judi'je.  Sufi&ce 
•it  to  say  tiiat  no  subject  has  so  stirred  up  the  whole 
of  the  members  of  the  Institution,  nor  ever  before  has 
the  action  of  the  Institution  been  so  thoroughly  decided. 

At  the  time  of  writing,  there  are  great  hopes  that 
the  hindrances  which  have  so  long  affected  the  general 
situation  are  likely  to  be  removed,  and  the  fact  that 
•one  of  oui  Past-Presidents,  Sir  John  Snell,  is  the  Chair- 
man designate  of  the  new  Electrical  Commissioners, 
gives  great  confidence  in  the  future. 

It  is  natural  to  refer  to  the  happy  ending  of  the 
great  War  and  the  success  of  our  gallant  soldiers  in 
■overcoming  the  most  highly  organized  military  macliine 
the  world  has  ever  seen.  We  now  welcome  very 
heartily  many  of  our  members  who  have  returned  to 
us   from  the  Army. 

While  these  and  other  members  ha\'e  had  the  supreme 
privilege  of  serving  at  the  Front,  there  have  been  many 
-war-time  activities  of  the  members  remaining  at  home. 
I  wish  to  refer  pointedly  to  the  work  of  the  local 
members  which  has  resulted  in  that  excellent  report 
known  as  the  "  Report  of  the  Yorkshire  Electric  Supply 
Linking-L'p  Committee."  This  Report,  which  is  accom- 
panied by  an  excellent  map,  is  not  yet  published,  but 
it  is  hoped  that  ultimately  the  Report  will  be  accessible 
to  all  menibers  and  that  they  will  then  see  how  carefully 
matters  connected  with  Yorkshire  have  been  considered. 

It  is  necessary  also  to  refer  to  the  enormous  progress 
■which  has  been  made  in  three  of  the  district  under- 
takings. The  phenomenal  expansion  of  the  Sheffield 
output  from  that  of  an  ordinary  sized  undertaking  to 
an  output  of  172,000,000  units  per  annum  is  almost 
■a  romance  in  itself.  Detailed  figures  have  been  widely 
■quoted   and   it   is   hardly   necessary   to   mention   them 


again.  I  hope  that  members  of  the  Centre  will  some 
time  have  an  opportunity  of  visiting  both  the  Sheffield 
stations  when  the  newest  one  is  completed. 

We  are  also  very  proud  in  referring  to  the  first 
station  on  what  is  now  known  as  super- station  lines, 
viz.  that  at  Rotherham,  where  is  now  being  installed 
the  largest  set  (30,000  kw.)  yet  built  for  this  country. 
The  Yorkshire  Electric  Power  Company  have  also 
made  most  effective  progress,  not  only  in  largely  ex- 
tending their  generating  capacity  but  also  in  wonder- 
fully extending  their  system  of  overhead  mains.  I 
think  I  am  correct  in  saying  that  there  is  no  other 
system  in  this  country  which  can  show  anything  like 
such  progress  in  this  direction.  I  have  some  hopes 
that  much  information  with  regard  to  these  three 
schemes  will  come  before  the  members  in  one  shape 
or  another  during  this  Session,  although  at  the  moment 
the  actual  form  for  presentation  is  not  settled.  The 
Leeds  extensions  are  also  somewhat  noteworthy.  Other 
large  extensions  have  been  projected,  but  War  circum- 
stances have  delayed  them  in  many  cases.  Many 
members  other  than  the  signatories  of  the  Linking-Up 
Report  will  hardly  realize  that  in  Yorkshire  in  1918 
the  generated  units  were  over  520,000,000,  with  a 
maximum  demand  of  over  160,000  kw.  Personally,  I 
expect  that  during  the  next  10  years  Yorkshire,  with 
its  woollen,  steel,  and  coal  industries,  will  become  the 
most  highly  organized  electrical  area  in  any  part  of 
the  world. 

Another  phase  of  activity  in  which  the  members 
of  the  Centre  have  been  largely  employed  is  that  of 
giving  assistance  to  the  Coal  Controller  in  connection 
with  the  re-distribution  scheme  and  the  coal  economy 
campaign.  This  assistance  was  willingly  given  to 
tlie  former  Technical  Adviser  to  the  Coal  Controller, 
Mr.  David  Wilson,  v/hose  name  is  so  well  known  among 
electrical  engineers,  and  followed  his  decision  that 
the  electrical  engineers  of  the  countrv  were  the  best- 
qualified  body  to  deal  with  all  questions  relating  to 
the  economy  of  fuel.  While  the  assistance  ultimately 
found  necessary  had  to  be  drawn  from  many  classes 
of  engineers  outside  the  Institution,  Mr.  Wilson's 
considered  opinion  was  that  his  original  judgment 
had  been  amply  confirmed.  There  were  over  25  of 
the  members  of  this  Centre  who  assisted  in  this  volun- 
tary work,  and  as  one  who  had  the  privilege  of  joining 
with  them  in  this  work,  I  can  express  my  great  admir- 
ation of  their  technical  ability  and   keenness. 

It  was  very  curious  to  me  that  some  of  our  members 
who  have  by  force  of  circumstances  been  left  in  charge 
of  small  municipal  undertakings,  and  whose  scope 
has  been  limited  in  consequence,  due  as  we  all  know 
to  early  legislation,  have  proved  under  other  circum- 
stances how  ably  they  can  handle  a  much  wider  sphere 
of  influence  when  given  the  opportunity.  On  the 
other  hand  the  experience  itself  has  been  most  educative. 
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and  as  I  have  already  said  in  public,  should  the  principle 
of  nationaUzation  become  more  and  more  extended 
the  electrical  engineer  of  a  district  could,  with  a 
maximum  advantage  to  the  community,  become 
responsible  for  the  whole  user  of  power  in  his  district, 
either  if  such  power  is  taken  from  the  public  mains, 
or  is  generated  by  a  private  plant  whether  by  steam 
or  gas.  Whether  such  an  ideal  is  Utopian  or  not  I 
cannot  say,  but  such  a  scope  would  lead  to  balanced 
thought  and  a  proper  perspective  with  regard  to  the 
interests  of  the  community. 

If  the  members  had  previously  been  only  half  con- 
vinced of  the  value  of  a  generous  electricity  supply  to 
the  community  they  must  have  become  wholly  con- 
vinced by  their  experience  in  this  work.  From  their 
specialized  point  of  view,  the  waste  of  fuel,  the  care- 
lessness, indifference,  and  the  ignorance  of  power 
users  in  many  lines  of  industry  were  niost  disturbing. 
While  many  of  the  larger  industrial  undertakings 
with  private  plant  are  exceedingly  well  equipped,  not 
only  are  there  many  small  power  users  who  are  scan- 
dalously inefhcient,  but  other  industries  using  large 
quantities  of  fuel,  and  who  have  little  use  for  power, 
are  still  more  wasteful  in  most  cases.  The  training 
of  the  electrical  engineer  in  power  generation  has  been 
shown  to  be  exceedinglv  helpful  in  dealing  with  all 
questions  where  the  combustion  of  fuel  is  concerned, 
whether   for  power  or   other  purposes. 

The  past  year  is  especially  notable  with  regard  to 
influence  on  the  future  of  the  Institution  arising  from 
the  efforts  of  our  most  able  Past-President,  Mr.  C.  H. 
Wordingham,  C.B.E.  Members  have  been  most  in- 
tensely interested  in  his  grand  ideas  for  the  future 
of  the  Institution.  Not  the  least  valuable  side  of 
these  is  that  it  has  set  all  the  members  thinking,  not 
always  necessarilv  on  the  same  lines.  It  has  given 
us  all  a  new  idea  of  what  the  Institution  may  be  and, 
may  I  say,  shall  be  in  the  lives  of  all  its  members. 

Arising  out  of  my  experience  of  this  Centre  I  am 
struck  with  the  wealth  of  enthusiasm,  knowledge  and 
goodwill  which  is  shown  bv  our  younger  members 
and  which  makes  me  long  to  find  some  way  of  turning 
this  sterling  gold  into  channels  that  will  enure  for  the 
benefit  of  the  Institution,  the  profession,  and  the  whole 
community.  It  is  most  necessary  that  it  should  be 
guided.  The  question  is  :  How  ?  My  own  personal 
experience  is  that  we  have  need  for  more  ideals  to  hold 
together  these  younger  members.  No  organization 
can  live  without  authority,  but  in  this  case  the  authority 
must  be  moral  authority  conceded  by  the  members 
voluntarily  because  they  beheve  that  the  holders  of 
this  authority  will  use  it  for  the  advancement  of  agreed 
ideals.  We  must  continually  keep  before  our  minds 
the  fact  that  an  ideal  easy  of  attainment  is  not  an 
ideal  worth  fighting  for.  A  true  ideal  must  be  pain- 
fully wrought  out  step   by  step. 

A  tremendous  impetus  to  the  coherence  of  the 
members  has  been  given  by  the  inspiring  presidency 
of  Mr.  Wordingham,  and  much  has  been  done.  We 
cannot  always  expect  to  progress  at  this  rapid  rate, 
and  we  must  bear  in  mind  that  in  order  to  keep  up 
anything  like  the  rate  of  progress  we  must  all  join  in 
making    our    new    President    realize    that    he    has   the 


whole-hearted  feeling  of  the  members  behind  him. 
It  used  to  be  the  cry  of  the  younger  members  :  "  What 
does  the  Institution  do  for  us  ?  "  This  crj-  is  now 
out  of  date,  and  in  any  case  was  based  on  a  misunder- 
standing of  how  a  body  becomes  powerful.  In  our 
case  it  can  only  become  powerful  when  the  enthusiasm 
and  driving  power  of  the  younger  members  is  welded 
with  the  judgment  and  experience  of  the  older  members. 

I  am  going  to  venture  with  great  diffidence  to  make 
a  few  remarks  on  what  the  older  members  and  younger 
members  can  do  for  each  other  ;  what  both  can 
do  for  the  Institution,  and  what  the  Institution  can  do 
for  them.  In  my  opinion  the  older  members  can  do 
much  for  the  younger  members  by  giving  them  help 
and  advice,  not  merely  on  how  to  get  on,  but  how- 
to  make  the  best  use  of  the  opportunities  they  now 
have.  It  is  so  ven,-  much  easier  for  the  experi- 
enced members  to  see  the  opportunities  than  for  the 
younger  ones  to  recognize  them.  The  junior  members 
can  help  the  senior  members  by  never  relaxing  their 
enthusiastic  attentions  to  their  duties.  The  outlook 
of  each  junior  member  is  very  largely  and  legitimately 
that  of  desiring  to  better  his  position,  but  he  must 
also  equally  think  of  how  to  fit  himself  for  the  position 
when  it  comes. 

It  is  the  common  experience  of  the  older  members, 
myself  included,  that  when  a  particular  position  is, 
required  to  be  filled,  while  there  are  applications  almost 
without  limit,  it  is  exceedingly  difficult  to  select  the 
man  who  exactly  fills  the  position  from  the  point  oi 
view  of  the  engineer  making  the  appointment.  The 
younger  members  should  study  what  they  are  able 
to  admire  in  the  older  members  and  to  meditate  on 
what  qualities  make  for  success.  They  will  be  rather- 
surprised  in  many  cases  on  reflection  how  many  of 
these  turn  more  on  high  personal  character  than  on 
abstruse  technical  knowledge,  and  if  they  are  honest 
with  themselves  they  will  also  be  rather  surprised  at 
the  amount  of  self-discipline  and  even  self-sacrifice, 
they  will  need  to  exercise  to  develop  these  same 
qualities  in  themselves.  Nevertheless,  no  young  man 
has  a  right  to  excuse  himself  from  making  these  efforts 
as  he  knows  that  from  his  associates  must  be  drawn 
those  who  are  to  occupy  positions  of  importance  in 
the  future,  especially  ha\'ing  in  mind  the  wider  and 
wider  fields  which  are  now  opening  out  to  electrical 
engineers. 

And  now  a  short  word  as  to  how  both  can  help  the 
Institution.  There  is  no  biblical  tale  which  has  more 
point  in  this  direction  than  that  of  "  Naaman  the 
Leper."  I  lay  it  down  fearlessly  that  the  most  impor- 
tant thing  of  the  whole  matter  is  that  all  members 
must  attend  the  meetings  regularly.  I  would  wish 
that  they  all  could  develop  a  conscience  which  tells 
them  that  every  Institution  meeting  is  a  serious  and 
a  primary  engagement  demanding  sacrifice  of  time 
and,  perhaps,  money.  The  very  type  of  member  who 
says  the  meeting  is  no  use  to  him  or  not  worth  attending 
will  find  the  whole  Institution  a  new  tiling  to  him  if 
he  himself  comes  regularly  and  faithfully,  ^\"hatever 
he  fails  to  find,  he  will  find  a  growing  fellowship  among 
the  members. 

Lastly,   a  word   as  to  what   the   Institution   can  do 
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ior  us  all.  It  would  be  impossible  to  refer  to  the 
Institution's  many  acti\-ities  which  are  multiplying 
and  becoming  many  sided  every  day,  but  I  venture 
to  suggest  that  the  Institution  as  a  corporate  body  is 
and  always  will  be  the  origin  of  education  in  its  highest 
sense.  Much  is  now  done  in  this  direction,  and  more 
can  be  done  if  the  members  will  formulate  suggestions 
which  can  be  put  before  the  Local  Committees  and 
transmitted  by  them  to  the  Council.  The  work  of 
the  Council  will  always  be  helped  and  stimulated  if 
they  feel  thev  are  in  close  touch  and  sympathy  with 
an  agreed  body  of  members  and  are  fully  provided  with 
information. 

It  is  hardly  necessary  to  emphasize  that  the  Council 
is  the  only  body  which  can  co-ordinate  and  put  into 
practice  the  outcome  of  any  such  suggestions. 

On  the  subject  of  education  I  am  tempted  to  say  much, 
based  not  only  on  strong  feelings,  but  on  my  own  per- 
sonal experience  of  technical  education.  So  much 
has  been  said  of  the  training  of  the  engineer  in  his 
student  stage  that  I  think  attention  should  be  now 
drawn  to  the  continued  training  of  engineers  for  long 
years  after  they  have  left  their  college  or  the  works 
•where  they  have  served  their  apprenticeship. 

We  are  all  familiar  with  the  system  whereby  naval 
and  miUtary  officers  who  desire  to  be  efficient  can  return 
over  and  over  again  independent  of  rank  and  age  to 
take    technical    courses    at    their    headquarters.     The 
Institution    provides    many    highly    technical    papers 
written  by  experts  and  masters  of  their  subjects,  much 
of  the  material  of  which  is  quite  beyond  all  but  a  few 
of  the  junior  members  and  perhaps  many  of  the  senior 
members.     In  the  course  of  such  papers  we  find  assump- 
tions made — quite  justifiable — and  important  informa- 
tion known  only  to  a  few,   skipped  over  almost  with- 
out notice  in  order  to  shorten  the  paper  to  considera- 
tion of  the  main  matter.     It  is  perhaps  often  j  ust  these 
points  which  would  most  interest  and  instruct  many 
of  us.     While  they  would  be  out  of  place  in  the  main 
paper  it  would  be  a  great  advantage  if  notes  on  such 
points  with  reference  to  other  important  papers,  text- 
books,  and   the   like,   were  contained   in   an   appendix 
at  the  end  of  the  paper.    Many  of  these  points  would  be 
suitable  as  a  basis  of  examination  papers  for  the  Asso- 
ciate Membership   Examination.      The  Council  might, 
with  a  view  to  adding  to  the  interest  of  the  younger 
members  and  building  up  the  Institution  of  the  future 
through  them,  arrange  for  suitable  points  to  be  selected 
and  even  go   the   length  of   arranging    correspondence 
between  the  junior  members  and  the  authors  of  papers 
on  points  on  which  further  information  was  required. 
The  natural  modesty  and  diffidence  of  the  best  type 
of  younger  member  will  always  hinder  him  from  either 
joining  in   the   discussion   at    the    meetings    or    asking 
questions  of  the  authors  of  the  papers,   and  yet  this 
type  of  member  is  often  the  most  earnest  searcher  after 
truth.     Older    members    must    always    remember    that 
all  the  accumulated  information  and  experience  which 
we  have  has  to  be  retransmitted  to  the  coming  generation. 
I  should  here  like  to  protest  against  the  cheap  sneers 
that  are  often  indulged  in  by  older  members  with  regard 
to  what  is  called   "  theory,"   and   their  continual  cry 
that  "  experience  "  or  "  practice  "  is  what  is  necessary. 


Much  of  this,  where  having  some  foundation  in  reason, 
is  due  to  a  wrong  use  of  the  term  "  theory  "  to  describe 
many  hastily  conceived  and  ill-considered  "  hypotheses  " 
which  have  been  put  forward  from  time  to  time  by 
inquirers  groping  in  the  dark.  Hypothesis  is  the  very 
opposite  to  theory.  It  is  the  attacking  of  ignorance 
with  an  untried  sword  and  armour,  highly  necessary 
but  very  difficult.  True  theory  on  the  other  hand  is 
simply  highly  condensed  experience  and,  as  such, 
should  be  honoured  and  kept  apart  from  hypothesis. 
Younger  members  learn  the  language  of  theory  without 
at  all  understanding  the  experience  of  which  it  is  the 
summation,  and  the  real  use  of  experience  is  to  train 
the  younger  members  to  understand  what  theory 
really  amounts  to  in  actual  material  facts  so  that  they 
may  be  enabled  to  make  a  good  fight  with  the  ignorance 
which  is  yet  to  be  conquered.  The  man  who  can 
conquer  this  ignorance  is  the  real  practical  man  of 
the  future,  and  not  he  who  has  been  described  by 
some  "  academic  "  person  as  "  the  man  who  faithfully 
repeats  the  mistakes  of  his  predecessors." 

To  return,  however,  to  our  subject,  not  only  do  I 
think  the  younger  members  want  this  help  in  grasping 
the  foremost  questions  of  the  day,  but  I  think  the  older 
members  require  much  help  in  order  to  be  kept  in  touch 
with  the  ever-widening  circles  of  knowledge,  all  of  which 
are  being  developed  under  the  aegis  of  the  Institution. 
I  can  conceive  in  the  future  that  no  Session  will  be 
considered  complete  which  does  not  include  at  least 
two  lectures  per  year  before  each  Territorial  Centre, 
one  from  a  distinguished  professor,  typified  to-day, 
say,  by  Sir  Joseph  Thomson,  who  will  give  the  members 
some  resume  of  the  progress  made  in  pure  science 
such  as  affects  the  interests  of  the  members,  and  further 
to  this,  another  lecture  given  by  the  experimental  type 
of  research  engineer  who  will  give  some  account, 
say,  of  the  work  done  at  the  National  Physical  Labora- 
tory and  of  the  various  activities  of  the  Research 
Committee. 

While,  of  course,  such  matters  can  be  dealt  with 
by  communications  to  the  Journal  and  by  Reports, 
this  mode  of  imparting  knowledge  will  never  be  equal 
to  the  spoken  word.  The  joint  impression  on  the  brain 
by  the  simultaneous  appeal  to  the  eye  and  the  ear 
will  always  be  much  more  \ivid  than  the  appeal  to  the 
eye  alone.  Moreover,  the  spoken  communication  is 
always  in  language  "  more  easily  to  be  understanded 
of  the  people  "  than  is  the  more  formal  language  of 
an  official  communication.  The  Institution  has,  of 
course,  done  much  in  this  line  already,  but  without, 
I  venture  to  think,  a  general  body  of  the  members 
quite  realizing  the  significance  of  the  matter. 

In  conclusion,  I  must  refer  to  the  very  able  papers 
which  have  been  contributed  to  the  "  Proceedings  "  of 
the  Institution  this  year  by  our  members  Mr.  Yerbury 
and  Mr.  Shaw.  Both  of  these  papers  have  received 
clear  recognition  of  their  value  from  the  members.  I 
should  like  to  add  a  short  technical  note  (see  Appendix  i) 
on  my  own  account  with  regard  to  the  subject  of 
IVIr.  Shaw's  paper  on  "  The  Use  of  High-Pressure  and 
High-Temperature  in  Large  Power  Stations."  *  I  have 
kept  very  closely  to  the  same  figures  that  Mr.  Shaw  has 
•  Journal  I.E.E.,  1919,  vol.  57,  p.  73. 
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used,  so  that  this  short  note  of  my  own  may  be  read 
as  an  appendix  to  that  paper,  and  I  hope  that  though 
rather  technical  it  will  be  of  interest  to  some  of  the 


members.  I  have  termed  the  calculations  "  High 
Pressure  and  High  Temperature  Steam  with  Inter- 
heating  for  Power  Generation." 


APPENDIX    I. 

CALCUL.\TIOXS    RELATING    TO   HIGH    PRESSURE   AND    HIGH    TEMPERATURE    STEAM    WITH 

INTERHEATING    FOR     POWER   GENERATION. 


The  subject  of  interheating  is  of  some  interest  at  the 
present  time  because  it  is  a  means  of  getting  a  higher 
thermodynamic  efficiency  without  resorting  to  higher 
temperatures  and  pressures,,  that  is  without  putting 
further  stresses  on  the  materials  employed.  The 
following  calculations  have  been  made  with  a  view  to 
seeing  what  gain  of  efficiency  is  possible,  and  they  are 
in  particular  an  extension  of  the  valuable  figures  given 
in  Mr.  Shaw's  paper.* 

The  same  general  figures  of  temperatures  corre- 
sponding to  high  pressures  have  been  taken  as  in  Mr. 
Shaw's  schedules.  All  the  steam  pressures  are  expressed 
in  absolute  measure,  the  highest  taken  being  500  lb. 
The  highest  temperature  taken  is  one  also  used  by 
Mr.  Shaw,  \'iz.  688°  F.  While  temperatures  slightly 
higher  than  these  may  ultimately  be  employed,  it  is 
thought  that  this  is  sufficiently  high  to  cover  a  ground 
which  may  be  of  interest  within  the  next  stage  of 
power  developments.  As  regards  vacuum,  all  modern 
power  stations  in  future  will  fall  within  the  limits 
chosen  of  28  inches  (that  is,  an  absolute  pressure  of 
2  inches)  and  29' i  inches  (that  is,  an  absolute  pressure 
•of   o'9    inch). 

The  tables  given  below  are  simply  figures  defined  by 
the  nature  of  steam,  and  are  independent  of  any  form 
of  apparatus.  They  can  therefore  be  used  in  any  particu- 
lar case  by  taking  into  account  the  efficiency  of  the 
apparatus.  The  schedules  are  numbered  i  to  7,  and 
are  accompanied  bv  seven  diagrams  illustrating  some 
■of  these  tables.  In  Schedule  i  the  data  are  given 
relating  to  diagram  efficiencies  obtainable  with  steam 
initially  at  500  lb.  per  square  inch  absolute,  total 
temperature  688°  F.,  where  the  steam  after  expanding 
and  doing  work  to  certain  selected  pressures  is  again 
reheated  to  the  original  temperature  and  then  further 
■expanded  down  to  vacuum  pressures. 

The  figures  of  course  represent  what  could  be  obtained 
were  it  possible  to  build  a  heat  engine  of  100  per  cent 
mechanical  efficiency,  and  if  there  were  no  losses  of 
pressure  in  conveying  the  steam  to  be  reheated  from 
And  to  the  engine.  It  is  convenient  to  refer  to  them 
as   "  cycle  "   efficiencies. 

It  will  be  quite  easy  to  find  the  influence  of  such  losses 
as  are  inevitable  by  means  of  curves  drawn  from  the 
data  given  in  this  and  the  other  schedules.  The  schedule 
gives  a.  column  in  which  the  obtainable  efficiencies  are 
all  compared  with  plain  expansion  straight  from  the 
full  pressure  to  vacuum,  the  comparison  from  vacuum 
to  vacuum  being  preserved.  The  first  schedule  shows 
that  the  best  circumstances  for  interheating  are  by 
expanding  to  a  pressure  somewhere  in  the  neighbourhood 
■of  200  lb.  per  square  inch  before  the  reheating,  and  that 
the  possible  gain  in  efficiency  is  of  the  order  of  2|  per 
•cent. 

•  Loc,  cit. 


Schedule  2  takes  the  same  circumstances  from  rather 
a  different  point  of  view,  namely,  that  while  expanding 
to  the  same  set  of  pressures  the  steam  is  not  reheated 
to  its  original  temperature  but  only  to  its  original 
superheat.  There  are  certain  reasons  for  making  this 
selection  which  could  not  be  gone  into  here  except 
to  say  that  all  practical  cases  must  lie  between  these 
two  limits.  Under  these  circumstances  Schedule  2  shows 
that  the  best  pressure  for  a  single  interheat  is  some- 
where above  200  lb.  and  that  the  possible  gain  in 
efficiency  is  of  the  order  of  il  per  cent. 

In  Schedule  3  are  given  calculations  which  show  the 
efiect  of  twice  interheating  the  steam,  i.e.  making 
three  separate  expansions,  the  steam  being  reheated 
after  each  expansion  to  its  original  temperature.  The 
calculations  show  that  there  is  a  fairly  wide  range  of 
choice  for  two  interheats  for  which  the  efficiency  remains 
sensibly  constant,  the  most  favourable  of  these  condi- 
tions shown  being  an  expansion  first  to  215  lb.,  reheat- 
ing, and  then  an  expansion  to  70  lb.,  and  further  re- 
heating with  a  final  expansion  from  70  lb.  to  the  vacuum 
pressure.  These  calculations  show  a  possible  gain 
in  efficiency  over  plain  expansion  of  about  4J  per  cent. 

Schedule  4  is  derived  from  the  other  schedules  for 
the  purpose  of  drawing  out  the  connection  between 
the  value  of  interheating  and  the  initial  pressure.  The 
figures  given  show  ver\-  clearly  that  the  value  of  in- 
terheating is  greater  in  proportion  as  the  initial  pressure 
is  lower.  At  the  top  of  the  list  the  expansion  from  500 
lb.  with  an  interheat  to  the  original  temperature  at 
150  lb.  shows  a  gain  for  plain  expansion  from  500  lb. 
of  only  2' 4  per  cent.  .\t  the  bottom  of  the  table,  steam 
originally  at  150  lb.  interheated  at  50  lb.  to  the  original 
temperature  of  688°  F.  shows  a  gain  over  plain  expansion 
from  150  lb.  of  7-2  per  cent.  This  draws  attention 
to  the  value  of  pressure,  and  in  Schedule  5  the  figures 
are  collected  from  these  aforegoing  schedules  which 
show  the  value  of  pressure  alone  for  the  constant  top 
temperature. 

It  is  necessary  to  take  some  basis  for  comparison 
and  in  this  schedule  the  absolute  pressure  of  215  lb., 
that  is  of  200  lb.  gauge,  is  taken  as  a  basis.  The  figures 
show  that  at  500  lb.  the  gain  is  a  matter  of  n  per 
cent,  whereas  at  70  lb.  pressure  (there  is  a  large  amount 
of  such  steam  yet  used  in  this  country)  there  is  a  deficit 
of  15  per  cent. 

Schedule  6  gives  the  same  set  of  figures,  but  in  this 
case  with  the  superheat  kept  at  the  constant  figure 
of  2i9'3  degrees  F.  This  table  somewhat  clearly  brings 
out  the  value  of  pressure  because  the  superheat  is  kept 
constant,  whereas  in  Table  5  the  superheat  necessarily 
decreases  as  the  pressure  rises,  the  steam  being  main- 
tained at  the  constant  top  temperature.  In  Schedule 
6  it  is  seen  that  the  gain  of  500  lb.  over  215  lb.  is  as 
much  as  13  per  cent. 
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Schedule  7  collects  together  the  main   efficiencies  of 
the  Schedules  and  they  are  compared  with  the  efficiencies 


to  the  diagrams  which  show  much  more  quickly  what 
these  variations   of   efficiency   mean. 


Schedule  i. 
Data  relating  to  Diagram  Efficiencies  obtainable  with  Steam  Initially  at  500  lb.  per  sq.  in.  abs.  pressure  :   688°  F. 
Total  Temperature:    with  One  Interheating  to  688°  F.  before  Final  Expansion  (Ho=  1355-9  therms). 
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2-3 
2-3 

100 
100 
100 

28-0 
28-5 
29- 1 

162-3 
162-3 
162-3 

370-8 
386-6 
413-7 

533-1 
548-9 
576-0 

1193-6 
1193-6 
1193-6 

183-8 
183-8 
183-8 

1377-4 
1377-4 
1377-4 

1470- 8 
1480-2 
14960 

36-24 
37-08 
38-51 

420-3 
416-6 
411-2 

2-0- 
1-9 
2-0 

f)0 

go 
90 

28-0 
28-5 
29-1 

170-9 
170-9 
170-9 

364-6 
380-6 
407-7 

535-5 
551-5 
578-6 

1185-0 
1185-0 
I 185-0 

192-9 
192-9 
192-9 

1377-9 
1377-9 
1377-9 

1479-9 
1489-3 
1505 -I 

36-18 
37-03 
38-45 

419-0 
415-8 
410-2 

1-8 
i-S 
1-8 

80 
80 
80 

28-0 
28-5 
29- 1 

180-3 
180-3 
180-3 

357-  7 
373-8 
401-3 

538-0 

554-1 
581-6 

1175-6 
1175-6 
1175-6 

202-9 
202-9 
202-9 

1378-5 
1378-5 
1378-5 

1489-9 
1499-3 
1515-1 

36-  11 
36-96 
38-39 

418-0 
415-0 
409-4 

1-7 
1-6. 

1-7 

70 
70 
70 

28-0 
28-5 
29-1 

191-0 
191-0 
igi-o 

349-8 
366-0 
393-7 

540-8 
557-0 
584-7 

1164-9 
1164-9 
1164-9 

214- 1 
214/  I 
214-1 

1379-0 
1379-0 
1379-0 

1501 " 1 
1510-5 
1526-3 

36-02 
36-88 
38-31 

416-8 
414-0 
408-4    j 

1-4 
1   + 
1-5 

Plain        / 
Expansion  1 

28-0 
28-5 
29-1 

0 
0 
0 

457-11 
471-57 
495-6 

457-11 
471-57 
495-6 

— 

— 

— ■ 

1287-0 
1296-4 
1312- 2 

35-51 
36-37 
37-76 

409-  8 
406-8 
400-6 

0 
0 
0 

•rf(28)            1 

•(/(28-5)  si 
•d(29-i)^| 

28-0 
28-5 
29- 1 

4.'57-i' 
471-57 
495 '6 

0 
0 
0 

457-11 
471-57 
495-6 

— 

— 

1771-0 
1794-9 

1834-7 

25-81 
26-26 
27-  61 

— 

•  Special  case  to  accompany  Figs.  4,  5, 
= vacuum  pressure. 


and  6,  to  show  limiting  conditions  with  reduction  of  pressure  of  interheating;  this  being  now  P4-rf  P,  where 


obtainable  with  a  perfect  fluid  between  the  same  limits 
of  temperature.  Having  thus  drawn  attention  ■  to 
the  bare  iigures  and  their  calculations,  we  may  turn 


Fig.  I  (page  38)  is  an  ordinary  temperature-entropy 
(T  ip)  diagram  exactly  as  given  in  Mr.  Shaw's  paper. 
The    area    bounded    by    the    lines    marked    "  Water," 
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"  Evaporation,"   "  Superheat,"   the   vertical   hne   from 
the  highest  point  of  the  superheat  and  the  condensation 


represents   the   heat   rejected    to   the   condenser.     The 
efficiency     is     therefore     the     "  work     area  "     divided 


Schedule  2. 

Data  relating  to  Diagram  Efficiencies  obtainable  with  Steam  Initially  at  500  lb.  per  sq.  in.  abs.  pressure  ;  688°  F. 
Total  Temperature  .  ivith  One  Interheating  to  restore  Original  Degree  oj  Superheat  (219-3  Degrees  F.)  before  Final 
Expansion  (Ho  =  l355'p  therms). 


^1 

5  *- « a 

Final  Expansion 
Pressure  Vacuum 
(Bar.  30  in.) 

g.            Available  Work 
g            to  First  Stage 
B            Pressure 

Available   Work 
(after  Interheat- 
ing) to  Final 
Pressure 

Total  Available 
Work,  both 
Stages 

Total  Heat  (HE,) 
after  First  Stage 
Expansion 

Heat  to  be  added 
for  RchcatinK  to 
219-3°  V.  Super- 
heat 

Total  Heat  of 
Reheated  Steam 
(HR,) 

Summation  Heat 
less  Heat  in  Fee 

'is  is 

g?i  iM 

1    1 
a    1 

Equivalent 
Camot, Tempera- 
ture, C  (<) 

Gain  in  Economv 
due  to  One  Inter- 
heat 

lb.  per  sq.  in.  abs. 

Hg.  in. 

therms 

therms 

therms 

therms 

therms 

therms 

per  cent 

°F. 

per  cent 

365 

28-0 

36'9 

433-3 

470-2 

1319   0 

26-8 

1345-8 

1313-8 

35-80 

413-8 

0-8 

365 

28-5 

36-9 

447-6 

484-5 

1319-0 

26-8 

1345-8 

1323-2 

36-61 

410-2 

0-7 

365 

29-1 

36"9 

472-0 

508-9 

13190 

26-8 

1345-8 

1339-0 

37-99 

403-8 

0-6 

280 

28-0 

66-2 

413-4 

479-6 

1289-7 

47-8 

1337-5 

1334-8 

35-92 

415-4 

1-2 

280 

28-5 

66-2 

427-9 

494-1 

1289-7 

47-8 

1337-5 

1344-2 

36-76 

412-2 

I  -o 

280 

29-1 

66-2 

4.52-6 

518-8 

1289-7 

47-8 

1337-5 

1360-0 

38-15 

406-0 

i-o 

215 

28-0 

93-3 

393-6 

486-9 

1262-6 

66-8 

1329-4 

1353  8 

35-96 

415-8 

1-3 

215 

28-5 

93-3 

408-3 

501-6 

1262-6 

66-8 

1329-4 

1363-2 

36 -So 

412-8 

I  -2 

215 

29-1 

93-3 

433-3 

526-6 

1262-6 

66-8 

1329-4 

1379-0 

38-19 

406-6 

l-I 

200 

28-0 

99-9 

388-2 

488-1 

1256-0 

71-2 

1327-2 

1358-2 

35-95 

415-8 

1  -2 

200 

28-5 

99-9 

402-9 

502-8 

1256-0 

71-2 

1327-2 

1367-6 

36-78 

412-6 

1-1 

200 

29-1 

99-9 

428-1 

528-0 

1256-0 

71-2 

1327-2 

1383-4 

38-16 

406-2 

I-  I 

150 

28-0 

127-2 

367-0 

494-2 

1228-7 

90-0 

1318-7 

1377-0 

35-89 

414-8 

1-0 

150 

28-5 

127-2 

381-9 

509-1 

1228-7 

90-0 

1318-7 

1386-4 

36-71 

4II-6 

0-9 

150 

29-1 

127-2 

407-4 

534-6 

1228-7 

90-0 

1318-7 

1402-2 

38-13 

405-8 

I  -0 

100 

28-0 

162-3 

337 -o 

499-3 

1193-6 

113-4 

1307-0 

1400-4 

35-65 

411-8 

0-4 

100 

28-5 

162-3 

352 -3 

514-6 

1193-6 

113-4 

1307-0 

1409-8 

36-52 

409-0 

0-4 

100 

29- 1 

162-3 

378-4 

540-7 

1193-6 

113-4 

1307-0 

1425-6 

37-93 

403-0 

0-4 

90 

28-0 

170-9 

329-3 

500-2 

1185-0 

119- 1 

1304-1 

1406-1 

35-58 

410-8 

0-2 

90 

28-5 

170-9 

344-7 

515-6 

1 1 85  •  0 

119-1 

1304-1 

1415-5 

36-44 

407-8 

0-2 

90 

29- 1 

170-9 

370-9 

541-8 

1185-0 

119-1 

1304-1 

1431-3 

37-85 

402-0 

0-2 

80 

28-0 

180-3     i 

320-8 

501  •  I 

1175-6 

125-2 

I300-S 

1412- 2 

35-48 

409-4 

0- 1 

80 

28-5 

180-3 

336-2 

516-5     . 

1175-6 

125-2 

1300-8 

1421-6 

36-33 

406-2 

0- 1 

80 

29-1 

180-3     ' 

362-5 

542-8 

1175-6 

125-2 

1300- 8 

1437-4 

37-77 

400-8 

0-0 

70 

28-0 

191-0 

311-0 

502-0 

1164-9 

133-9 

1298-8 

1420-9 

35-33 

407-4 

0-5 

70 

28-5 

191   0 

326-6 

517-6     1 

1164-9 

133-9 

1298-8 

1430-3 

36-19 

404-4 

0-5 

70 

29-1 

191-0 

353-1  ■ 

544-1 

I164-9 

133-9 

1298-8 

1446- I 

37-63 

398-8 

0-3 

Plain     / 

28-0 

0 

457-" 

457-1 



— 

— 

1287-0 

35-51 

409-8 

0 

Expansion  1 

28-5 

0 

471-57 

471-6 



— 

— 

1296-4 

36-37 

406-8 

0 

^               V 

29-1 

0 

495-6 

495-6 

— 

— 

1312-2 

37-76 

400-6 

0 

*d{2S)         J 

28-0 

457-" 

0 

457-1 



.     — 

— 

1660  -  4 

27-54 



— 

'd(28-5)E° 

28-5 

471-57 

0 

471-6 



— 

— 

1670-2 

28-23 



— 

•d(29)      "■!, 

29-1 

495  ■  6 

0 

495-6 



— 

— 

1686-3 

29-41 

— 

•  Special  case  to  accompany  Figs. 
■  vacuum  pressme. 


and  6,  to  show  limiting  conditions  with  reduction  of  pressure  of  interheating;   this  being  now  P-fdP,  where 


line,    represents    to    scale    the    available    work.     The 
rectangle    between    this    area    and    the    absolute    zero 

Vol.  .58. 


by  the  "  work  area  "  plus  the  "  heat  rejected  area." 
Were  water  a  perfect  fluid   from  a  heat  engine  point 

3 
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of  view,  the  "  work  area  "  would  ha\-e  been  a  rectangle, 
and  in  consideration  of  this  problem  I  have  found  it 
of  great  use  for  every  steam  cycle  to  calculate  what 
I  have  called  the  equivalent  Camot  temperature  and 
denote  it  by  the  symbols  C  (t).  This  Carnot  tempera- 
ture is  that  temperature  which  if  a  horizontal  line  be 
drawn  parallel  with  the  evaporation  and  condensation 


compression  to  the  top  temperature.  The  horizonta' 
line  would  then  be  entirely  an  evaporation  line  and 
the  vertical  line  an  adiabatic  expansion  line  to  the 
original  temperature  in  which  the  steam  would  all 
be  condensed  at  the  constant  temperature  of  the  vacuum. 
This  is  a  description  of  how  steam  would  act  were 
water  a  perfect  fluid  from  the  heat  engine  point  of  view 


Schedule  3. 

Diagratn  Efficiencies  obtainable  jrom  Steam  Initially  at  500  lb.  per  sq.  in.  ahs.  pressure  688°  F.   Temperatuie  with 
Two  Interheats  to  688"   F.  compared  with  Plain  Expansion   (Ho=i355'9  therms). 


go 

II 

£  e  . 
&"? 

c 

•25 
1" 

■M    OJOQ 

Final  Expansion 
Pressure  Vacuum 
(Barometer  30  in.) 

Available  Work  to 
First  Stage  Pressure 

Available  Work 
First  to  Second 
Stage  Pressure  after 
Interheating 

Available  Work 
Second  Stage  to 
Final  Pressure  after 
Interheating 

Summation  Avail- 
able Work  Three 
Stages 

0 

1=  a. 

Heat  to  be  Added 
for  Second  Reheat 
to  688°  F. 

Heat  Added  in 
Generation  Less 
Heat  in  Feed 

Summation  Heat 
Less  Heat  in  Feed 

■  gw  W 

g    .Si 

1  & 

Equivalent  Camot 
Temperature,  C  (/) 

0  oS 

9    (Tt    >* 

a  £.5 
«■£  » 

llb.persq. 

Ib.persq. 

in.  abs. 

in,  abs. 

Hg.  in. 

therms 

therms 

therms         therms 

therms 

therms 

therms 

therms       per  cent 

°F. 

percent 

365 

150 

28-0 

36-9 

98-4 

394-1 

529-4 

44-2 

109-9 

1287-0 

1441-1       36-76 

426-9 

3-5 

365 

I. "5° 

28-3 

36-9 

98-4 

409-6 

544-9 

44-2 

109-9 

1296-4 

1450-5       37-56 

423-2 

3-3 

36.5 

150 

29-1 

36-9 

98-4 

435-9     571-2 

44-2 

109-9 

1312-2 

1466-3 

38-95 

417-4 

3-1 

365 

100 

28-0 

36-9 

136-9 

370-8      544-6 

44-2 

151-1 

1287-0 

1482-3 

36-74 

426-7 

3-5 

365 

100 

28-5 

36-9 

136-9 

386-6     560-4 

44-2 

I5I-I 

1296-4 

1491-7 

37-57 

423-5 

3-3 

365 

100 

29-  I 

36-9 

136-9 

413-7     587-5 

44-2 

I5I-I 

1312-2 

1507-5 

38-97 

417-8 

3-2 

365 

70 

28-0 

36-9 

167-9 

349-8      554-6 

44-2 

183-7 

1287-0 

1514-9       36-61 

424-9 

3-1 

365 

70 

28-5 

36'9 

167-9 

366-0      570-8 

44-2 

183-7 

1296-4 

1524-3       37-45 

421-6 

3-0 

365 

70 

29-1 

36'9 

167-9 

393-7     598-5 

44-2 

183-7 

1312-2 

1540-1 

38-88 

416-6 

3-0 

280 

100 

28-0 

66-2 

112-9 

370-8     :     549-9 

78-1 

122-5 

1287-0 

1487-6 

36-98 

430-2 

4-2 

280 

100 

28-5 

66-2 

II2-9 

386-6 

565-7 

78-1 

122-5 

1296-4 

1497-0 

37-79 

426-5 

3-9 

280 

100 

29- 1 

66-2 

112-9 

413-7 

592-8 

78-1 

122-5 

1312-2 

1512-8 

39-18 

420-8 

3-8 

215 

70 

28-0 

93  "3 

122-6 

349-8 

565-7 

108-7 

130-3 

1287-0 

1526-0       37-08 

441-4 

4-4 

21.5 

70 

28-5 

93-3 

122-6 

366-0 

581-9 

108-7 

130-3 

1296-4 

1535-4       37-89 

426-0 

4-2 

215 

70 

29-1 

93-3 

122-6 

393-7 

609-6 

. 108-7 

130-3 

1312-2 

1551-2 

39-30 

422-4 

4-1 

150' 

50 

28-0 

127-2 

I2I-0 

329-6 

577-8 

146-0 

126-4 

1287-0 

1559-4 

37-05 

441-0 

4-3 

150 

50 

28 -.5 

127-2 

I21-0 

346-2 

594-4 

146-0 

126-4 

1296-4 

1568-8 

37-88 

428-0 

4-2 

150 

50 

29-  I 

127-2 

121  -0 

374-5 

622-7 

146-0 

126-4 

1312-2 

1584-6 

39-37 

423-5 

4-2 

150 

45 

28-0 

127-2 

131-0 

322-9 

581-1 

146-0 

136-7 

1287-0 

1569-7 

37-03 

440-6 

4-2 

150 

45 

28-5 

127-2 

I3I-0 

339-7 

597-9 

146-0 

136-7 

1296-4 

1579- I 

37-87 

427-8 

4-1 

150 

45 

29*  1 

127-2 

131-0 

368-1 

626-3 

146-0 

136-7 

1312-2 

1594-1 

39-32 

422-6 

4-1 

150 

40 

— 

127-2 

142-0 

316- 1 

585-3 

146-0 

147-9 

1287-0 

1580-9 

37-01 

440-4 

4-2 

150 

40 

— 

127-2 

142-0 

333 -o 

602-2 

146-0 

147-9 

1296-4 

1590-3 

37-87 

427-8 

4-1 

150 

40 

127-2 

142 -0 

361-6 

630-8 

146-0 

147-9 

1312-2 

1606- I 

39-27 

422-0 

4-0 

lines  and  completed  by  the  adiabatic  expansion  line, 
the  condensation  line  and  vertical  line  drawn  from  the 
start  of  the  water  line  would  give  an  area  equal  to  the 
irregular  work  area  already  described.  Such  a  rect- 
angle expressed  on  the  temperature-entropy  (T  0) 
diagram  would  be  what  would  be  obtained  were  the 
temperature  of  water  to  rise  on  being  pumped  into  the 
toiler   to' the   evaporation    temperature,    i.e.    adiabatic 


and  could  therefore  be  worked  strictly  on  the  Carnot 
cycle. 

Considering  Fig.  i,  it  will  be  at  once  noticed  that  as 
so  much  heat  has  to  be  put  into  the  feed  water  at  a 
less  temperature  than  the  top  temperature  there  is 
considerable  loss  of  possible  efficiency  by  the  use  of 
water  as  a  working  fluid.  Without  superheat,  howe\er, 
tliis    loss,    though   considerable,    is    not    very    striking. 
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but  when  we  come  to  consider  the  superheat  part  of 
the  curve  we  see  that  the  departure  of  the  diagram 
from  the  plain  rectangle  is  most  marked.  The  addi- 
tional superheat  therefore  makes  the  difference  in 
efficiency    between    using    a    perfect   fluid     and     using 


utilize  this  steam  all  provisions  have  to  be  made  corre- 
sponding to  the  temperature  of  688°  F.,  the  question  of 
pressure  very  little  entering  into  the  practical  provisions 
as  drawn  out  by  Mr.  Shaw's  paper.  In  fact  the  use  of 
high    pressure    has   already'    very    much    reduced    this 


Schedule  4. 

Diagram  Efficiencies  obtainable  with  Steam  at  Various  Initial  Pressures  and  Temperature  688°  F.  with  One  Interheat 
to  688°  F.  compared  with  Plain  Expansion,  to  show  Connection  between  Initial  Pressure  and  Value  of  Inter- 
heating. 


1 

2 

cE 

0  3 

&^% 
=  11 

Available  Work 
to  Stage  Pressure 

Available  Work 
to  Final  Pressure 
after  Inter- 
heating 

0 

It 
s  « 

il 

1'^ 
ill 

SOX 

Heat  added  to 
Reheat  to  688°  F. 

Summation  Heat 
less  Heat  in  Feed 

E     S 

T-         0 

=  s 
-    a 

Equivalent 
Carnot  Tempera- 
ture, C  (() 

Gain  due  to 
Interheat  over 
Plain  Expansion 

lb.  per  sq. 

in.  abs. 

500 

500 

500 

lb.  persq. 
in.  abs. 

150 
150 
150 

Hg.  in. 
28-0 
28-5 
29-1 

therms 
127-2 
127-2 
127-  2 

therms 

394-1 
409-6 

435-9 

therms 

521-3 
536-8 
563-1 

therms 
1287-0 
1296-4 
1312-2 

therms 
146-0 
146-0 
146-0 

therms 
1433-0 
1442-4 

1458-2 

per  cent 
36-38 
37-21 
38-62 

'F. 
421-6 
418-4 
412-6 

percent 

2-4 
2-3 
2-3 

365 
365 
365 

150 
150 
150 

2S-0 

28-5 

29-1 

98-4 
98-4 
98-4 

394  - 1 
409 -6 

435-9 

492-5 
508-0 

534-3 

1294-3 
1303-7 
1319-5 

109-9 
109-9 
109-9 

1404-2 
1413-6 
1429-4 

35-08 
35-94 

37-37 

404-2 
401  -0 

395-3 

3-4 
3-3 
3-1 

3(>5 
365 
365 

100 
100 
100 

28-0 

28-5 
29-1 

135-9 
136-9 
136-9 

370-8 
386-6 
413-7 

507-7 
523-5 
550-6 

'1294-3 
1303-7 
1319-5 

151-1 
151-1 
I5I-I 

1445-4 
1454-8 
1470-6 

35-13 
35-98 

37-44 

404-6 
401-6 
396-3 

3-5 
3-4 
3-3 

365 
365 
365 

70 
70 
70 

28-0 
28-5 
29-1 

167-9 
167-9 
167-9 

349-8 
366-0 

393-7 

517-7 
533-9 
561-6 

1294-3 
1303-7 
I3I9-5 

183-7 
183-7 
183-7 

1478-0 
1487-4 
1503-2 

35-03 
35-89 
37-36 

403-4 
400-4 

395-1 

3-2 

3-4 
3-0 

280 
280 
280 

100 
100 
100 

28-0 
28-5 
29- 1 

II2-9 
II2-9 
112  -9 

370-8 
386-6 
413-7 

483-7 
499-5 
526-6 

1298-9 
1308-3 
1324-1 

122-5 
122-5 
122-5 

1421-4 
1430-8 
1446-6 

34-02 
34-91 
36-41 

390-8 
387-4 
382-4 

4-3 

4-5 
4-1 

^15 

215 

215 

70 
70 

70 

28-0 
28- 5 
29-1 

122-6 
122-6 
122-6 

349-8 
366  0 
393-7 

470-4 
488-6 

516-3 

1302-4 
I3II-8 
1327-6 

130-3 
130-3 
130-3 

1432-7 
1442-1 
1457-9 

32-84 

33-88 
35-42 

375-3 
374-3 
360-4 

5-2 

5-4 
5-1 

150 
150 
150 

50 
50 
50 

28-0 
28-5 
29- 1 

121    0 
I2I-0 
I2I-0 

329-6 
346-2 
374-5 

450-6 
467-2 
495-5 

1305-8 
I3I5-2 
1331-0 

126-4 
126-4 
126-4 

1432-2 
I44I-6 
1457-4 

31-47 
32-41 
34-00 

358-7 
356-2 

351-8 

7-2 

6-9 
6-5 

150 
150 

45 
45 
45 

28-0 

28-5 
29-1 

131   0 

I3I-O 

131 -0 

322-9 

339-7 

368-1 

453-9 
470-7 

499-1 

1305-8 
I3I5-2 
1331-0 

136-7 

136-7 
136-7 

1442-5 
1451-9 
1467-7 

31-47 
32-41 
34-01 

358-5 
356-2 
351-8 

7-2 
6-9 
6-5 

150 
150 
150 

40 
40 

4° 

28-0 
28-5 
29- 1 

142-0 
I42-O 
142-0 

316-1 
333-0 
361-8 

458-1 
475-0 
503-8 

1305-8 
1315-2 
1331-0 

147-9 
147-9 
147-9 

1453-7 
1463 -I 

1478-9 

31-52 
32-46 

34-07 

359-1 
356-8 

352-3 

7-4 
7-0 

6-7 

■water  very  considerable.  The  actual  figures  are  given 
in  Schedule  7,  and  these  show  that  for  this  first  simp'e 
diagram  at  500  lb.  pressure  without  interheating  and 
at  a  'total  temperature  of  688°  F.,  the  use  of  the 
perfect  fluid  gives  some  44  per  cent  higher  efficiency 
than  that  of  the  plain  use  of  steam.  From  the  point 
.of  view  of  the  materials  used  in  the  ens^ine  which  is  to 


difference  which  is  far  greater  when  the  comparison  is 
made  with  low-pressure  steam,  as  can  be  seen  by  con- 
sidering Schedule  5  which  shows  the  value  of  pressure 
with  a  constant  top  temperature. 

It  will  be  gathered,  as  is  well  understood  among 
engineers,  that  in  order  to  approach  the  possible  Carnot 
efficiencies  it  is  necessary-  as  much"  as  possible  to  take- 
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in  all  the  heat  at  the  top  temperature,  and  for  im- 
provements in  the  use  of  water  as  a  working  fluid  we 
can  see  from    this   temperature-entropy    diagram   that 

Schedule  5. 

Value  of  Pressure  with  Constant  Top  Temperature  of 
6S8°  F.  Pressure  0/215  ^^-  ^^i'^-  taken  as  Basis  of 
Comparison. 


lb.  per 
sq.  in, 
abs.; 
500 
500 
500 

365 
365 

365 


215 
215 
215 

200 
206 
200 

150 
150 
150 

100 
100 
100 

90 
90 
90 

80 
80 

So 

70 
70 
70 


=  §■3 

I     " 

g,>| 


Hg.  in. 
28-0 
28-5 
29-1 

28-0 
28-5 
29- 1 


280  28-0 
280  I  28-5 
280  ;  29-1 


28-0 
28-5 
29- 1 

28-0 
28-5 
29- 1 

28-0 
28-5 
29- 1 

28-0 
28-5 
29-1 

28-0 
28-5 
29-1 

28-0 
28-5 
29*1 

28-0 
28-5 
29- 1 


therms 

457-1 

471-57 

495-6 

441-9 
456-3 
480-9 

428-5 
443-2 
468-4 

414-2 
429-3 
455-0 

410-4 
425-5 
451-3 

394-1 
409-6 

435-9 

370-8 
386-6 
413-7 


364 

6 

380 

6 

407 

7 

357 

7 

373 

8 

401 

3 

349 

8 

366 

0 

393 

7 

therms 
1287-0 
1296-4 
I3I2-2 

1294-3 
1303-7 
I3I9-5 

1298-9 
1308-3 
1324- I 

1302-4 
1311-8 
1327-6 

1303-1 
I312-5 
1328-3 

1305-8 
1315-2 
1331-0 

1308-5 
1317-9 
1333-7 

1309-0 

1318-4 
1334-2 

1309-6 
I319-O 
1334-8 

1310-1 
1319-5 
1335-3 


ts 

Si  re 
o-g 


per  cent 
35-51 
36-37 
37-76 


°F. 
409-8 
406-8 
400-6 


34-14  391-7 
35-01  388-6 
36-43       382-6 


32-98 

33-88 
35-38 

31-82 
32-73 
34-27 

31-50 
32-42 
33-98 

30-18 
31-15 
32-75 

28-34 
29-34 
31-01 

27-86 
28-87 
30-56 

27-32 

28-33 
30-05 

26-  70 
27-73 
29-48 


377-0 
374-3 
369-1 

362-8 
359-8 
354-9 

358-9 
356-2 
351-6 

343-4 
341-1 
336-2 

322-7 
320-6 
316-5 

317-7 
315-4 
311-5 

311-8 
310-0 
305-8 

305-3 
304-2 
299-7 


is  - 

.„    ni   (A   U] 


per  cent 
11-6 
II- 1 

IO-2 

7-3 
7-0 

6-3 

3-6 

3-5 
3-2 

o 
o 
o 

—  I  -o 

-  o-g 

-  0-8 

-  5-2 

-  4-8 

-  4-4 

—  10-9 

—  10-3 

-  9-5 

-12-5 
-II-8 

—  IO-8 

-14-1 

-13-4 

—  12-3 

-16-1 

-15-3 

—  14-0 


engine  which  could  do  this  would  be  working  more 
nearly  on  the  Carnot  cycle  because  it  would  be  taking 
in  a  further  modicum  of  heat  at  the  top  temperature. 

Schedule  6. 

Value  of  Pressure  with  Constant  Degree  of  Superheat  of 
2193°  F.  Pressure  of  215  lb.  abs.  taken  as  Basis 
of  Comparison. 


were  it  possible,  so  to  speak,  to  keep  our  engine 
red  hot,  i.e.  the  equivalent  of  the  Carnot  hot  body  so 
that  the  temperature  of  the  steam  should  not  drop 
during    expansion    lor    a   considerable   time,    then    the 


lb.  per 
sq.  in. 
abs. 
500 
500 
500 

365 
365 
365 

280 
280 
280 

215 
215 

215 

200 
200 
200 

150 
150 
150 

100 
100 
100 

90 
90 
90 

80 
80 
80 

70 

70 
70 


o  3  » 


Hg.  in. 
28-0 

28-5 
29-  I 

28-0 
28-5 
29-  I 

28-0 
28-5 
29-  I 


28- 

0 

28- 

5 

29- 

I 

28- 

0 

28- 

5 

29- 

I 

28 

0 

28 

5 

29 

I 

28 

0 

28 

5 

29 

1 

28 

0 

28 

5 

29 

I 

28 

0 

28 

5 

29 

I 

therms 

457-1 
471-6 

495-6 

433-3 
447-6 
472-0 

413-4 
427-9 
452-6 

393-6 
408-3 
433-3 

388-2 
402-9 
428-1 

367-0 
381-9 
407-4 

337-0 
352-3 
378-4 


28-5 
29- 1 


311-0 
326-6 

353-1 


-5™ 
f-as 


therms 
1287-0 
1296-4 
1312-2 

1276-9 
1286-3 
1302-1 

1268-6 
1278-0 
1293-8 

1260- 5 
1269-9 
1285-7 

1258-3 
1267- 7 
1283-5 

1249-8 
1259-2 
1275-0 


11 

per  cent 

Equivalent  Camot 
Temperature  C.  (() 

°F. 

35-51 

409-8 

36-37 

406-8 

37-76 

400-6 

33-93 

389-0    i 

34-80 

386-1    ! 

36-24 

380-3    1 

32-59 

372-0 

33-41 

368-3 

34-97 

363-5 

c  -T  - 
a  -"  ■-  ° 


31-23 
32-15 
33-70 

30-85 
31-79 
33-35 

29-36 
30-33 
31-93 


1238- I  27-22 
1247-5  28-24 
1263-3  '  29-95 


329-3  I  12352  I  26-66 

344-7  i  1244-6  27-70 

370-9  I  1260-4  29-43 

i 

320-8  I  1231-9  1  26-04 

336-2  1241-3  27-09 

362-5  1257-1  28-83 


1229-9 
1239  "3 
1255- I 


25-28 

26-35 
28-13 


355-7 
353-1 
348-0 

351-2 
348-5 
343.-8 

334-2 
331-8 
327-0 


310 
308 
304 


304-9 
303  -  o 
299-2 

298-4 
296-5 
292-  7 

290-8 
288-9 
285-3 


per  cent 

13-7 
13-1 

I2-0 

8-6 

8-2 

4-3 
3-9 
3-8 

o-o 
o-o 
0-0 

—  1-2 

—  I-  I 

—  i-o 

—  60 

—  5-7 

—  5-2 

-12-8 

—  12-2 

—  11-2 

—  14-6 
-13-8 

—  12-7 

-16-6 
-15-7 
-I4-  + 

-19-1 

—  18-0 

-16-5 


In  the  Carnot  cycle  this  heating  during  expansion 
or,  as  it  is  generally  called,  isothermal  expansion,  is- 
carried  on  to  a  certain  pressure  and  then  stopped. 
This  pressure  is  such  that  on  further  adiabatic  expansion 
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the  working  fluid  falls  in  temperature  to  the  basis  or 
lower  temperature.  To  embody  this  concept  it  will 
be  seen  in  Fig.  i  that  there  is  a  horizontal  hne  drawn 
from  the  top  temperature  marked  continuous  inter- 
heating  to  such  pressures  (there  stated)  as  will  give 
steam  just  dry  at  the  range  of  vacuum  chosen  to  cover 
all  ordinary  cases.  Supposing  for  a  minute  that  such 
a  system  were  physically  possible,  then  we  can  easily 
judge  the  gain  in  efficiency  due  to  what  I  have  termed 
for  the  purpose  of  this  diagram  "  Ideal  Interheating." 
It  is  not  ideal  in  the  sense  that  the  actual  figures  taken 
give  the  highest  possible  efficiency,  but  rather  because 


It  is  not  possible,  however,  to  go  further  into  this 
aspect  of  the  matter,  as  such  extension  of  the  inter- 
heating scheme  would  give  a  different  result  for  every 
initial  pressure.  We  therefore  get  from  this  diagram 
certain  figures  which  are  embodied  in  Schedule  7  and 
show  the  maximum  increase  in  efficiency  to  be 
expected  from  such  a  scheme  as  I  have  there 
termed  "ideal  interheating,"  this  amount  being  about 
II  per  cent.  A  moment's  reflection  will  suggest, 
however,  that  such  a  scheme  of  continuous  inter- 
heating would  be  very  difficult  to  carry  out  in 
practice,   and    in  an5-  case  instead   of   the  horizontal 


Schedule  7. 
Sumtnary  of  Comparative  Efficiency. 


Thermodynamic  Efficiency 

Equivalent  Camot 
Temperature 

Gain  in  Economy  over  Plain 
Expansion 

(a) 
per  cent 

w 

(o 

(«)                 tfi) 

(c) 

(a) 

per  cent 

(c) 

per  cent 

per  cent 

°  F.               "¥. 

"F. 

per  cent 

per  cent 

Use  of  a  perfect    fluid   between  tem- 

perature    limits,     ^0  =  688°  F.     and 

/,  =  iori'F.  (28  in.),  91-7°  F.   (28-5 

in.),  75-6°  F.  (291  in.) 

51-12 

51-95 

53-37 

688-0     688-0     688-0 

44-0          42-9 

41-4 

Use  of  steam  at  500  lb.  abs.  pressure 

superheated   to   688°  F.    and   main- 

tained isothermally  during  expansion 

to  pressures   of    (0)    2188   lb.   abs.. 

(fc)  17-66  lb.  abs.,  (c)  12-03  lb.  abs.  ; 

and  then  expanded  adiabatically  to 

(a)  28  in.,  [b]  28-5  in.,  (c)  29-1  in..  . 

39-33 

40-34 

42-01 

464 -5      464-7 

462-3 

10-8          10-9 

II-3 

Use  of  steam  at  500  lb.  abs.  pressure 

superheated,  etc.,  expanded  to  215 

lb.  reheated  to  688°  F.,  expanded  to 

70  lb  ,  reheated  to  688°  F.  and  finally 

, 

expanded  to  (a)  28  in.,  (b)  28-5  in.. 

(c)   29- 1  in. 

37-08 

37-89    39-30 

441-4      426-0     422-4 

44           4'2 

4-1 

Use  of  steam  at  500  lb.  abs.  pressure 

, 

superheated  to  688°  F  and  expanded 

1 

to  150  !b.  abs.,  reheated  to  688°  F., 

and  finally  expanded  to  (a)   28  in.. 

\ 

(b)  28-5  in.,  [c]  29-1  in. 

36-38 

37-21 

38-62 

421-6     41S-4 

412-6 

2-4         2-3 

2-3 

Use  of  steam  at  500  lb.  abs.  pressure 

1 

superheated  to  688°  F.  and  expanded 

direct  to  [a]  28  in.,   (b)  28-5  in.,  (c) 

291  in. 

35-51 

36-37 

37-76 

409-8 

406-8 

400-6 

0 

0 

° 

the  further  modicum  of  heat  hsis  been  added  exactly 
on  the  principle  of  the  Camot  cycle  and  therefore  at 
the  highest  possible  efficiency  as  regards  this  added 
modicum  alone. 

I  might  just  mention  that  the  interheating  could  be 
carried  to  a  still  lower  pressure  with  a  still  further 
gain  in  efficiency,  because  the  main  part  of  the  diagram 
to  the  left  of  the  interheating  space  is  still  large  com- 
pared with  the  whole  and  therefore  constitutes  such  a 
drag  on  the  combined  areas  that  an  addition  to  the 
whole  of  a  further  portion  of  interheating  area  even 
at  a  lower  efficiency  than  the  ideal  efficiency  would  still 
bring    up   slightly   the   overall   efficiencv   of   the   cj-cle. 


continuous  interheating  Une  we  should  have  the  saw- 
toothed  curve  representing  interheating  at  everj-  ex- 
pansion in  the  case  of  the  turbine  engine.  The  natural 
course  of  inquiry-  therefore  turns  as  to  what  can  be 
attained  by  doing  something  towards  interheating  in 
the  simplest  possible  way.  I  do  not  propose  to  discuss 
at  this  time  whether  one  single  interheating  would  be 
best  done  by  leading  the  steam  back  to  the  boilers 
or  hy  having  a  gas-fired  interheater  close  to  the  turbine 
and  leading  the  exhaust  gases  back  to  the  boilers,  but 
one  would  naturally  in  turning  to  this  inquirj'  remember 
that  the  higher  the  pressure  of  the  interheat  the  more 
easv  it  would    be    to  convev  steam  from  and  to  the 
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engine.  Taking  as  more  or  less  accepted  the  possible 
use  of  500  lb.  steam  as  described  in  Mr.  Shaw's  paper, 
it  will  have  been  noticed  that  in  the  schedules  various 
lower  pressures  have  been  selected  as  other  standards 
with  which  to  make  comparisons.  The  next  lowest 
pressure  from  500  lb.,  viz.  365  lb.,  is  practically  that 
at  which  the  plant  is  running  at  the  British  Thomson- 
Houston  Company's  works  at  Rugby,  and  I  beUeve 
it  IS  proposed  to  run  one  of  the  super-stations  in  this 
district  at  this  pressure.  The  next  lower  pressure, 
viz.  280  lb.,  is  at  or  about  the  pressure  selected  both 


industrial  purposes.  I  have  therefore  included  the 
effects  of  interheating  attach  of  these  selected  pressures, 
the  same  being  quite  sufficient  to  explore  the  whole 
range  of  pressure.  As  before  pointed  out,  there  are 
two  schemes  on  which  one  can  elect  to  do  interheating, 
the  first  and  more  correct  is  to  the  initial  temperature 
and  the  second  or  less  correct  is  to  the  same  initial 
superheat.  It  is  almost  obvious  that  one  would  not 
reheat  to  higher  than  the  original  temperature.  Some- 
where between  these  two  schemes  therefore  any  practical 
scheme  must  he. 
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Fig.   I. — Temperature-Entropy  diagram  for  500  lb.   (abs.)  steam, 
comparing  "  plain  e.xpansion  "  with  "  ideal  interheating." 


for  Glasgow  and  New  Carville.  The  next  lower  pressure, 
215  lb.,  is  that  at  which  many  of  our  largest  stations  are 
running  to-day,  while  many  only  a  little  smaller  are 
running  at  200  lb.  abs.  (185  lb.  gauge). 

There  are  also  quite  a  number  of  old  stations  of 
which  150  lb.  was  the  pressure  for  Lancashire  boilers 
and  which  have  installed  watertube  boilers  at  the 
same  pressure.  Pressures  below  these  which  have 
been  taken  have  a  direct  connection  with  industry, 
in  that  at  these  pressure  schemes  are  now  in  operation 
and    many    are    proposed    for    bleeding    off    steam    for 


In  Fig.  2  I  have  outlined  a  scheme  for  single  inter- 
heating at  stage  pressures  of  365  lb.  and  280  lb.  Such 
selection  does  not  at  once  commend  itself,  but  it  is 
very  useful  to  see  the  effect  of  selecting  these  pressures 
which  are  clearly  •  shown  on  this  figure.  It  will  be  seen 
that  the  added  area  due  to  interheating  is  small  compared 
with  the  area  to  the  left,  and  therefore  we  could  not 
expect  much  practical  gain  at  these  pressures. 

In  Fig.  3  I  have  drawn  out  a  single  interheat  for 
stage  pressures  of  215  and  100  lb.,  and  in  this  case 
it    will   be   seen   that   the   added   area  is  a  substantial 
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portion   o£   the  "  ideal    interheating "   area  shown  in 
Fig.   I. 

Schedule  i  also  shows  that  somewhere  between  these 
two  pressures  will  be  found  the  maximum  gain  which 
will  be  made  with  one  interheating. 

These  figures  are  quite  sufficient  to  show  the  nature 
of  a  problem,  and  so  in  Figs.  4.  5,  and  6  I  have  combined 
the  whole  of  these  results  in  cur\es  which  show  the 
effect  of  one  interheat  at  any  pressure  below  the  initial 
pressure.  It  is  necessary-  to  draw  three  different  curves 
for  each  vacuum.  In  addition  to  the  efficiency  curves 
for  the  combined  expansion  with  one  interheat  I  have 
also  drawn  the  efficiency  curves  for  the  second  expansion 
alone.  Figs.  4  to  6  therefore  give  not  only  the  value 
of  interheating  but  a  direct  comparison  of  the  efficiencies 
between  different  pressures.  The  way  in  which  the 
efficiency  rises  with  pressure  as  compared  with  inter- 
heat strongly  illustrates  what  has  already  been  men- 
tioned as  to  the  value  of  pressure.  In  considering 
Fig.  3  we  notice  that  the  single  saw-tooth  gives  us  a 
curve  which  is  verj'  far  from  representing  heat  fully 
taken  in  at  the  top  temperature,  and  it  is  therefore 
interesting  to  extend  the  inquirj-  into  the  region  of 
more  than  one  interheat,  and  here  I  think  one  would 
have  to  abandon  the  idea  altogether  of  taking  the 
steam  back  to  the  boiler  but  not  entirely  that  of  bringing 
the  heat  to  the  engine. 

In  Fig.  7  I  have  drawn  out  the  superheat  region  of 
the  temperature-entropy  diagram  to  a  larger  scale 
and  have  given  the  superheat  portion  of  the  curve 
from  the  saturation  line  up  to  the  constant  top  tempera- 
ture of  688°  F.  for  all  the  pressures  given  in  the  schedules. 
It  is  very  easy  from  this  diagram  therefore  to  take  as 
manj'  saw-teeth  as  are  hkely  to  be  of  interest.  It  is 
only  proposed,  however,  to  consider  a  few  of  these 
as  given  in  Schedule  3.  The  lines  which  have  been 
drawn  in  slightly  hea\der  than  the  others  show  three 
sets  of  conditions.  For  the  first  expansion  these  are 
to  stages  of  280  lb.,  2151b..  and  150  lb.  respectively. 
In  the  first  case  re-expansion  after  280  lb.  is  naturally 
to  about  100  lb.  In  the  second  case  re-expansion 
after  215  lb.  is  naturally  to  70  lb.  In  the  third  case' 
re-expansion  after  150  lb.  is  naturally  to  about  50 — 
40  lb. 

In  exploring  this  diagram  we  can  now  see  the  advan- 
tage of  drawing  what  I  have  called  the  "  Carnot  zone," 
which  is  a  narrow  horizontal  band  covering  the  range 
of  the  "  Carnot  temperatures "  for  the  range  to  a 
vacuum  of  from  28  to  29-1  inches.  Bearing  in  mind 
that  our  object  is  to  take  in  as  much  heat  as  possible 
at  the  top  temperature,  and  considering  that  we  have 
already  explored  the  efficiency  for  plain  expansion  and 
for  one  interheat,  it  is  ob\dous  that  in  dropping  down 
any  vertical  hne  of  adiabatic  expansion  for  any  stage 
of  expansion  we  cannot  hope  to  gain  much  in  efficiency' 
after  we  have  got  down  to  the  Carnot  zone.  ^Vithout 
this  diagram  it  would  have  been  extremel}-  difficult 
to  have  decided  what  to  explore  in  the  way  of  more 
than  one  interheat  or  what  pressure  to  consider.  A 
mathematical  investigation  as  to  what  would  be  the 
best    pressures    would    have    been    very    cumbersome. 

Turning  to  the  results  as  shown  in  Schedule  3,  we 
note  that  the  curve  of  tlie  whole  range  of  efficiencv 


obtained   from   two   interheats   would   be   exceedingly 
flat,  and  this  shows  us  that  it  would  not  be  necessary 
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Figs.  4.  5,  and  6. — Effect  on  efficiency  of  pressure  at  wliich 
one  interheating  is  made  in  expanding  from  500  lb.  (abs.) 
to  vacuum. 

to  define  any  particular  set  of  exact  pressures.  Also, 
once  given  the  high  initial  pressure  of  500  lb.,  the 
actual  efficiencies  do  not  show   much   encourasement. 
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We  have  only  gained  about  4-4  per  cent  over  plain 
expansion  and  therefore  only  2  per  cent  over  a  gain 
of  a  single  interheat.  This  is  to  say  that  the  second 
interheat  does  not  show  quite  so  great  an  increase 
as  the  first  interheat,  and  this  rather  discourages  us 
from  proceeding  any  further  into  the  region  of  three 
or  more  interheats,  as  we  already  have  the  figure  of 
II  per  cent  for  ideal  interheating  as  shown  in  Fig.  i. 
Nevertheless,  it  would  be  quite  easy  to  make  a  quick 
calculation  from  Fig.  7  because  the  superheat  curves 
are  so  straight  that  it  would  be  quite  easy  to  take  any 
intercept  between  various  adiabatic  lines  as  a  straight 
line  and  from  this  make  a  quick  calculation  as  to 
the  efficiency  of  the  added  portion,  the  efficiency  of  the 
original  plain  expansion  being  fully  determined  in  the 


view,  maldng  a  maximum  use  of  the  existing  plant,  and 
this  is  likely  to  be  a  matter  for  some  consideration  in 
view  of  the  high  prices  for  plant  which  are  likely  to 
pre\ail  for  very  long  periods. 

It  is  hoped  that  this  short  communication  will  round 
oE  the  question  of  the  possibihties  of  efficiencj'  in  .the 
use  of  high-pressure  and  high-temperature  steam  so 
ably  dealt  with  by  Mr.  Shaw. 

Inquirers  into  the  future  will  have  probably  turned 
their  thoughts  in  two  directions.  One  will  be  the  use 
of  a  working  fluid  which  has  a  greater  ratio  of  latent 
heat  to  specific  heat  than  in  the  case  of  steam. 

Referring  to  Fig.  i,  this  would  mean  that  the  water 
line  to  the  left  would  rise  much  more  sharph-.  Such 
a  working  fluid  is  mercurv  which  has  a  latent  heat  of 


1-73  1-8 

Entropy    ($) 

Fig.  7. — Temperature-Entropy  diagram  for  500  lb.  (abs.).     Right-hand  portion  enlarged  to  show  effect 
of  more  than  one  interheat  (see  Figs.  1-3)  to  a  constant  top  temperature  of  688"  F, 


schedules.  One  further  reflection  arises  on  Schedule 
4,  and  that  is  that  the  gain  due  to  one  interheat  is  very 
much  greater  at  moderate  pressures  than  at  the  highest 
pressures.  This  rather  signifies  that  the  scheme  may 
be  of  some  value  to  old  stations  which  have  perfectly 
good  plant  only  suitable  for  moderate  steam  pressure. 
There  is  nothing  to  prevent  such  steam  being  fed  into 
any  type  of  engine  arranged  for  interheating,  pro\-ided 
the  heat  is  brought  to  the  turbine  instead  of  the  steam 
from  the  engine  being  taken  back  to  the  boilers.  Under 
this  arrangement  it  would  not  be  necessary  to  modify 
the  boiler  plant  at  all,  but  it  would  mean  the  addition 
of  a  producer  gas  plant  to  the  power  station  which  is 
a  very  likely  development  in  the  future.  Moreover, 
it  would  not  be  very  difficult  to  modifj''  many  existing 
turbines  to  take  interheated  steam  so  that  the  scheme 
might  be  worth  going  into  from  a  practical  point  of 


68  calories  and  a  specific  heat  of  0-033.  Another  direc- 
tion in  which  the  working  fluid  could  be  modified  is 
that  its  evaporation  line  should  be  at  a  high  temperature 
for  a  given  pressure,  pro\dded  always  that  condensation 
can  easily  be  obtained  at  a  moderately  low  temperature. 
In  this  direction  again  mercurj-  perhaps  oflers  advantages, 
since  its  temperature  of  evaporation  at  ordinary-  atmo- 
spheric pressure  is  about  358°  C.  while  its  vapour  pressure 
even  at  a  temperature  of  boiling  water  is  exceedingly 
small.  The  other  direction  wliich  inquiries  will  take 
is  probably  that  of  a  double-fluid  engine.  This  is  a 
scheme  of  interheating  but  with  change  of  fluid  whereby 
the  rejected  heat  of  the  first  fluid  is  at  such  a  tempera- 
ture as  to  be  able  to  evaporate  the  second  fluid. 

This  again  is  really  a  case  of  endeavouring  to 
make  the  "  work  area  "  of  Fig.  i  more  nearly  approach 
the  shape  of   a  rectangle.     The  idea  is  of  course  very 


4'2 


SELVEY:   NORTH    MIDLAND   CENTRE:   CHAIRMAN'S   ADDRESS. 


old    and    has 
engines    with 


been  explored  by  using  reciprocating 
steam  together  with  sulphur-dioxide 
as  a  second  fluid.  Other  vapours  at  low  boiling  points 
have  been  suggested.  Quite  recently,  too,  all  engineers 
have  been  much  interested  in  the  account  given  of  the 
Still  engine  which  proposes  a  double  working  fluid, 
first  air  and  then  steam.  This  is  of  course  quite  old, 
but  the  method  by  which  it  is  applied  has  apparently 
given  quite  good  success. 

As  regards  the  air  part  of  the  cycle,  of  course  quite 
good  ethciencies  are  already  obtained  in  the  plain  gas 
engine,  and  gas  engine  designers  have  often  considered 
the  question  and  have  generally  come  to  the  conclusion 
that  the  gain  in  power  by  adding  the  steam  cycle  did 
not  justify  the  extra  comphcation  of  the  engine,  especially 
as  they  have  been  able  to  find  many  ready  uses  for  the 
exhaust  heat  in  process  work. 

With  regard  to  the  efificiencies  now  obtainable  with 
plain  gas  engines,  I  would  recommend  every  electrical 
engineer  to  read  carefully  Dugald  Clerk's  book  on  the 
Gas,  Petrol,  and  Oil  Engine.  Quite  apart  from  whether 
he  may  be  interested  in  the  course  of  his  business  in 
such  a  question,  it  is  most  enlightening  to  read  classics 
written  by  great  workers  in  other  lines,  and  its  perusal 
will    probably    give    him    considerable    pleasure. 

It  is  very  interesting  to  compare  these  steam  cycle 
efficiencies  with  the  data  given  on  the  sheet  of  curves 
relating  to  gas  engine  efficiencies  in  the  Gas,  Petrol, 
and  Oil  Engine,  by  Dugald  Clerk  (1910,  vol.  i,  p.  310). 
I  do  not  here  reproduce  this  diagram  but  it  will  be 
sufficient  to  quote  the  following  approximate  figures  : — 

Efficiencies  with  Compression 


Air  standard=  I  —  (!/>)•>"'  .. 

Ideal  efficiency  actual  work- 
ing fluid  .  . 

Diagram  efficiencies  obtained, 
i.e.  S8  per  cent  of  ideal 
obtainable  with  actual 
working  fluid 
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We  see  from  this  diagram  (without  going  into  the 
arguments  and  experiments  by  which  it  is  obtained) 
that  the  efficiency  obtainable  from  the  actual  working 
fluid  compared  with  that  obtainable  from  an  ideal 
working  fluid  is  in  the  ratio  of  071  to  o-88,  that  is  about 
8o-6  per  cent.  Tliis  is  a  much  greater  difference  than 
perhaps  is  usually  appreciated  by  steam  engineers. 
If  we  compare  the  case  of  ideal  interheating  at  500 
lb.  with  the  ideal  Carnot  efficiencies  based  on  the  tem- 
perature range  we  see  that  the  corresponding  ratio 
is  of  the  order  of  78  per  cent,  which  is  remarkably 
similar.  Even  in  the  case  of  plain  expansion  this 
ratio  is  about  70  per  cent.     Another  curious  coincidence 


can  be  traced  in  the  fact  that  the  explosion  pressures 
are  of  the  order  of  450 — 470  lb.,  which  is  very  close  to 
the  500  lb.  absolute  adopted  for  the  purpose  of  these 
calculations.  Another  coincidence  is  that,  taldng 
into  account  the  value  of  superheat  and  its  effect  on 
turbine  efficiency,,  a  modern  turbine  of  largest  size 
will  have  an  efficiency  ratio  at  the  coupHng  of  85  per 
cent,  which  again  is  remarkably  close  to  the  mechanical 
efficiency  of  a  large  gas  engine.  We  may  conclude 
therefore  that  in  the  near  future  the  steam  turbine 
may  equal  if  not  surpass  the  gas  engine  in  efficiency, 
the  competition  being  still  more  severe  in  overall 
efficiency  since  the  efficiency  of  large  boilers  in  the 
most  modern  practice  is  now  showing  a  margin  of  nearly 
10  per  cent  over  the  corresponding  gas  producer 
efficiency.  The  battle,  if  any,  which  may  range  between 
these  two  methods  of  producing  power  in  the  future  may 
turn  on  the  direct  total  utilization  of  their  rejected  heat, 
which  is  still  unfortunately,  under  any  system,  of  the 
order  of  60  to  70  per  cent.  It  is  along  these  lines  one 
look  for  progress  rather  than  in  much  further  improve- 
ment of  the  efficiency  of  these  prime  movers,  and  there 
are  already  signs  that  a  very  vigorous  interest  is  being 
taken  by  engineering  economists  in  questions  arising 
out  of  the  utilization  of  the  rejected  heat  of  both  forms 
of  working  fluid. 


APPENDIX  z. 

All  the  figures  and  data  which  hav'e  been  used  and 
prepared  in  these  schedules  are  taken  from  the  figures 
contained  in  the  Steam  Tables  by  Professor  Callender 
published  by  Arnold  (19 15  edition).  The  explanation 
given  in  connection  with  these  tables  is  so  full  as  hardly 
to  need  any  comment.  Wherever  possible  in  preparing 
the  schedules  the  figures  for  available  work  have  been 
taken  from  the  Heat  Drop  Tables  (absolute  pressures) 
by  Messrs.  Moss  and  Callender  published  by  Arnold 
in  1917.  The  calculation  for  continuous  interheating 
is  very  simple,  since  having  already  calculated  the 
plain  expansion  the  added  heat  is  simply  T  d<p  and 
the  gain  in  available  work  (Tq  — Ti)rf0.  Heat  drops 
not  available  from  the  tables  have  been  calculated  from 
the  formula  at  the  foot  of  page  24,  Table  2,  of  Callender's 
tables,  which  is  quite  easy  to  manage.  One  little  point 
is  perhaps  worth  mentioning,  viz.  that  in  calculating 
available  work  during  a  stage  expansion  in  which  the 
steam  is  fully  superheated  the  simplest  plan  is  to  take 
the  steam  as  an  ordinary  perfect  gas  with  y=I'3  and 
calculate  a  temperature  at  the  end  of  the  expansion. 
Having  then  found  both  initial  and  final  pressures  and 
temperatures  it  is  easy  to  take  out  the  total  heat, 
and  its  change  must  be  the  available  work. 

In  preparing  the  schedules  I  have  used  the  range  of 
vacuum  from  28  to  29' i  inches,  as  this  method  of 
describing  vacuum  seems  to  be  impossible  to  alter. 
What  these  figures  mean  of  course  are  absolute 
pressures  of   2'o  inches  down  to  09  inch  of    mercury. 
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SCOTTISH     CENTRE  :     CHAIRMAN'S     ADDRESS 
By    W.   B.   HiRD,  Member. 


{Address  delivered  al  Glasgow,  ii  November,   1919.] 


In  choosing  a  subject  for  my  address  this  evening, 
1  was  naturally  drawn  to  consider  the  many  inventions 
and  developments  which  took  place  during  the  war, 
and  which,  necessarily  kept  secret  during  the  continua- 
tion of  hostilities,  are  now  only  just  getting  generally 
known  and  open  to  discussion.  In  all  the  different 
branches  of  engineering,  of  physics,  of  chemistry,  and 
ul  militarv  science,  new  strides  were  taken  with  a  rapidity 
which  only  the  great  stress  and  necessity  of  the  times 
could  have  brought  about,  a  rapidity  utterly  impossible 
in  times  of  peace  when  every  new  thing  must  show  at 
any  rate  some  prospect  of  commercial  success  before 
it  can  hope  to  receive  encouragement. 

The  particular  feature  to  which  I  would  specially 
draw  attention  is  the  marked  tendency  towards  an 
mcreasingly  close  connection  between  pure  science  and 
its  applications  in  engineering  and  practical  work 
generally.  The  time  is  not  far  distant,  but  it  has 
gone  for  ever,  when  the  work  done  in  the  physical 
laboratory  and  in  the  study  of  the  mathematician  was 
looked  on  askance  by  the  man  who  boasted  of  being 
"  practical." 

Perhaps  one  of  the  most  striking  instances  of  this 
closer  connection  between  theory  and  practice  is  the 
very  large  use  which  has  been  made  of  the  apparatus 
known  as  the  thermionic  valve.  For  some  years  the 
attention  of  some  of  our  best  physicists  has  been  directed 
to  investigations  of  the  electron,  but  it  was  scarcely 
to  be  expected  that  investigations  which  were  started 
and  carried  on  solely  from  the  point  of  view  of  pure 
science  and  which  were  directed  to  such  highly  abstract 
considerations  as  the  constitution  of  the  atom  of 
matter  and  the  changes  which  might  take  place  in  its 
constitution  would,  in  so  short  a  time,  have  developed 
into  an  instrument  of  great  practical  utility,  which 
could  be  manufactured  in  quantities  by  comparatively 
unskilled  labour  and  required  no  great  amount  of 
training  in  those  who  used  it  to  give  useful  results. 

The  study  of  the  electron  has  been  going  on  for  a 
comparatively  short  number  of  years.  Many  appar- 
ently unconnected  observations  had  pre\-iously  been 
made  of  phenomena  which  had  not  received  a  full 
explanation.  For  instance,  it  had  long  been  known 
that  the  air  in  the  neighbourhood  of  red-hot  metals 
was  electrified.  In  1884,  experiments  carried  out  on 
an  incandescent  lamp  showed  what  was  then  known 
as  the  "  Edison  effect."  X  separate  electrode  was 
sealed  into  the  glass  of  an  incandescent  lamp  so  as  to 
reach  between  the  two  legs  of  the  horse-shoe  filament. 
When  this  filament  was  made  incandescent  a  galvano- 
meter connected  between  the  negative  end  of  the 
filament  and  the  electrode  showed  practically  no 
deflection,   but   when    it    was    connected    between   the 


electrode  and  the  positive  end  of  the  filament,  a  current 
was  observed  flowing  in  the  direction  from  the  filament 
to  the  plate. 

The  discovery  was  also  made  of  rays  which  had  the 
property  of  affecting  photographic  plates  and  wliich 
were  capable  of  passing  in  varj-ing  degree  through 
substances  opaque  to  light  \-ibrations  ;  the  verj-  name 
which  still  survives  of  "  X  "raysshows  what  an  unknown 
quantity  they  appeared  to  the  first  investigators. 

The  first  attempts  at  any  connected  explanation  of 
these  and  similar  phenomena  became  possible  when  in 
1890  Sir  J.  J.  Thomson  published  the  results  of  his 
investigations  and  introduced  to  science  the  conception 
of  "  electrons  "  or,  as  they  were  originally  called, 
"  corpuscles,"  masses  infinitely  smaller  than  the  mass 
of  the  hydrogen  atom,  which  up  to  that  time  had  been 
conceived  the  smallest  unit  in  existence,  and  each 
carrjdng  a  definite  charge  of  negative  electricity. 

The  study  of  the  electron  has  gone  on  since  that 
date.  It  has  occupied  the  most  eminent  men  in  physics 
and  mathematics,  and  we  may  well  be  filled  with 
amazement  at  the  results  obtained  in  the  comparatively 
few  years  that  have  elapsed,  and  at  the  wonderful 
amount  of  information  we  now  possess  as  to  the  pro- 
perties and  behaviour  of  this  minute  and  elusive 
constituent  of  the  atom. 

It  has  been  found  possible  to  count  accurately  the 
number  of  free  electrons  in  a  conductor  carrying  a 
current,  or  in  a  given  space  in  an  exhausted  bulb. 
Not  only  has  the  number  of  free  electrons  been  counted, 
but  it  has  been  found  that  they  are  all  of  equal  mass 
and  all  carry  or  are  associated  with  a  given  definite 
quantity  of  electricity,  and  this  mass  and  quantity 
have  been  accurately  measured. 

The  investigations  and  experiments  carried  out  have 
been  largely  directed  to  increasing  our  knowledge  of 
the  ultimate  constitution  of  matter.  It  is  now  pre- 
sumed that  the  atom  consists  of  a  number  of  electrons 
kept  in  equilibrium  by  the  attraction  of  a  positively 
charged  nucleus,  and  several  different  mathematical 
models  of  the  atom  have  been  discussed.  The  chemist 
has  brought  his  particular  knowledge  to  bear  on  the 
question,  and  the  probabihty  of  any  particular  hypo- 
thetical arrangement  of  electrons  in  the  atom  will  be 
largely  judged  by  whether  it  gives  a  satisfactory  expla- 
nation of  the  periodic  law  of  the  chemist.  According 
to  this  law  a  list  of  the  elements  arranged  in  the  order 
of  their  atomic  weights  can  be  tabulated  so  as  to  fall 
into  groups  ha\dng  similar  chemical  properties.  The 
atom  will  contain  an  increasing  number  of  electrons 
as  the  atomic  weight  increases.and  the  present  endeavour 
is  to  formulate  such  a  law  for  the  arrangement  of  these 
electrons  as  will  cause  the  model  atoms  also  to  fall  into 
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groups   with   the   same   periodic   recurrence   of   similar 
configurations. 

It  is  one  of  the  most  prominent  signs  of  the  accelerat- 
ing effect  of  the  abnormal  conditions  we  have  gone 
through,  that  investigations  directed  primarily  to 
considerations  of  such  an  abstract  subject  should  have 
so  rapidly  and  quickly  developed  into  so  concrete  a 
result  as  the  production  of  thermionic  valves,  which 
were  manufactured  during  the  war  iu  hundreds  of 
thousands  and  were  used  in  huge  numbers  for  varied 
purposes. 

The  theory  of  the  electron  and  the  results  of  experi- 
ments show  that  electrons  are  given  off  from  the  atoms  ■, 
of  which  they  form  a  constituent  part  under  a  varietj- 
of  circumstances,  but  in  order  that  they  maj'  be  detected 
they  must  be  caused  to  move  in  a  definite  direction 
in  a  continuous  stream.  This  stream  of  electrons  has 
the  properties  of  an  electric  current,  it  can  be  deflected 
b}'  a  magnet  or  can  itself  deflect  a  compass  needle,  the 
path  of  the  stream  can  be  made  visible  by  placing  parallel 
to  the  lines  of  flow  a  piece  of  mica  coated  with  a  fluores- 
cent substance.  The  electrons  impinging  on  this  cause 
the  material  to  fluoresce  and  thus  trace  their  path  on  \ 
the  mica  plate.  It  is  only  possible  to  obtain  this  flow  i 
of  electrons  in  a  highly  exhausted  bulb.  If  any  air 
or  other  gas  at  anything  like  atmospheric  pressure  is 
present,  the  path  of  the  free  electrons  becomes  very 
much  shortened  on  account  of  their  collisions  with  the 
particles  of  gas,  and  moreover  they  "  ionize  "  the  gas. 
The  effect  of  the  collisions  is  to  cause  the  gas  particle 
to  part  with  some  of  the  electrons  of  which  it  is  built 
up,  and  the  remaining  nucleus  thus  carries  an  excess 
of  positive  charge,  the  presence  of  which  obscures  the 
action  of  the  electrons.  The  first  condition,  then,  is 
to  operate  in  a  highly  exhausted  space. 

The  second  necessary  condition  is  that  there  should 
be  an  electric  force  present  in  this  vacuum  to  give  the 
electrons  a  definite  direction  of  motion. 

The  actual  emission  of  electrons  into  the  vacuum 
may  be  obtained  in  different  ways.  If  a  sufficiently 
high  difference  of  potential  is  employed  between  the 
two  elecfrodes,  the  electric  force  will  be  sufficient  itself 
to  determine  the  throwing  off  of  electrons  from  the 
cathode. 

This  is  the  method  used  in  tubes  for  the  produc- 
tion of  X  rays.  The  two  electrodes  sealed  into  the 
exhausted  glass  bulb  are  connected  to  the  terminals 
of  the  secondary  winding  of  a  coil  capable  of  giving 
in  air  a  spark  of  several  inches.  The  high  voltage 
thus  applied  to  the  electrodes  causes  a  stream  of  elec- 
trons to  flow  from  cathode  to  anode  and,  if  the  degree 
of  exhaustion  is  appropriate,  gives  rise  to  the  cathode 
rays,  which  in  their  turn  in  impinging  on  the  glass  of 
the  bulb  cause  the  radiation  of  X  rays. 

An  incandescent  metal  or  carbon  filament  will  throw 
off  electrons,  and  in  this  case  a  very  moderate  electric 
force  is  sufficient  to  give  these  a  definite  direction.  In 
some  of  the  thermionic  valves  in  use,  the  electromotive 
force  between  the  filament  and  the  plate  is  only  about 
30  volts. 

Another  case  of  the  spontaneous  emission  of  atoms 
is  seen  in  the  case  of  radium  and  other  so-called  "  radio- 
active "   elements,   the   atoms  of   which  spontaneously 


break  up,  some  of  the  products  of  this  decomposition 
being  electrons. 

The  method  of  the  hot  filament  is  that  used  in  the 
production  of  thermionic  valves. 

An  incandescent  cathode  contained  in  a  highly 
exhausted  vessel  gives  out  these  negatively  charged 
corpuscles.  These  being  free  to  move  in  any  direction 
will,  if  not  under  the  influence  of  any  directing  force, 
show  no  signs  of  motion  in  any  particular  direction. 
The  greater  part  of  those  that  escape  from  the  surface 
of  the  metal  will  in  time  return  and  be  re-absorbed  in 
the  body  itself.  If,  however,  an  electric  force  is  present 
in  the  space  in  which  these  electrons  are  emitted,  it 
will  act  on  the  free  electrons  and  give  them  a  definite 
direction. 

If,  for  instance,  a  negatively  charged  body  is  brought 
near  the  incandescent  filament,  the  electrons  will  be 
repelled  and  will  return  to  the  filament,  but  if  a  positively 
charged  body  is  substituted,  the  electrons  will  be 
attracted  and  there  will  be  a  definite  flow  from  the 
filament  to  the  electrode. 

In  its  simplest  form  and  consisting  mereh'  of  a  fila- 
ment and  an  electrode,  the  valve  has  been  used  as  a 
rectifier.  It  is  evident  from  what  has  already  been 
said,  that  if  a  source  of  alternating  potential  is  con- 
nected to  the  filament  and  the  electrode,  a  stream  of 
electrons  will  pass  during  those  periods  of  time  when 
the  electrode  is  positi\ely  charged  with  respect  to  the 
filament.  In  the  alternate  intervals  when  the  electrode 
is  negative,  the  electrons  are  repelled  into  the  filament 
and  no  action  takes  place,  thus  the  valve — and  hence 
is  its  name  derived — will  let  tluough  current  in  one 
direction  but  refuses  passage  in  the  other. 

A  further  development  is  the  introduction  of  a  third 
electrode.  This  electrode  usually  consists  of  a  spiral 
wire  or  thin  plate  pierced  with  holes,  and  is  placed 
between  the  filament  and  the  anode,  the  whole  of  these 
being  contained  in  a  highly  exhausted  vessel.  The 
addition  of  this  third  electrode,  generally  called  the 
grid,  transforms  the  valve  from  being  merely  a  recti- 
f\-ing  device  into  a  kind  of  relay  which  can  give  a  large 
amplification  to  any  oscillations  it  receives.  When  a 
thermionic  current  is  passing  between  the  filament  and 
the  anode,  any  change  in  the  potential  of  the  grid  will, 
by  attracting  or  repelling  electrons,  change  their  rate 
of  flow  between  filament  and  anode  and  therefore  alter 
the  value  of  the  thermionic  current. 

A  comparatively  small  difference  of  potential  between 
the  filament  and  the  grid  will  cause  a  very  much  greater 
difference  of  potential  between  the  filament  and  the 
anode,  and  in  this  way  the  valve  can  be  used  as  an 
amplifier  and  quite  small  differences  of  potential  im- 
pressed between  the  filament  and  the  grid  will  be 
magnified  and  appear  as  much  greater  differences  between 
the  filament  and  the  plate. 

This  property  of  amplifying  any  oscillating  electro- 
motive force  applied  to  the  grid  circuit  can  be  made 
use  of  to  generate  alternating  current.  The  plate 
circuit  of  the  yalve  is  connected  to  one  coil  of  a  trans- 
former, the  second  coil  of  which  is  connected  to  the 
grid,  any  small  oscillating  potential  difference  being 
applied  to  the  grid  circuit  ;  a  magnified  oscillation  will 
result  in  the  plate  circuit,  and  this  through  the  action 
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oi  the  two  transformer  coils  will  react  upon  and  increase 
the  oscillation  in  the  grid  circuit.  The  circuits  will 
thus  "  build  up  "  in  the  same  sort  of  way  as  a  direct- 
current  generator  starting  with  a-  small  amount  of 
permanent  magnetism  gradually  "  builds  up  "  until  a 
■state  of  equihbrium  is  reached.  In  the  same  way  an 
"  ionic  "  valve,  connected  as  above  described,  will 
increase  the  ampUtude  of  the  vibrations  until  the  whole 
svstem  steadies  to  a  state  of  equilibrium. 

The  frequency  of  the  oscillation  depends  on  the  ratio 
of  inductance  to  capacity  in  the  plate  circuit,  and  by 
varjdng  these  values  it  can  be  changed  within  very 
wide  limits.  Experiments  described  by  Mr.  W.  C. 
\Miite  in  the  General  Electric  Review  showed  that  the 
\-alve  used  could  be  made  to  give  oscillations  vairjang 
from  one-half  period  up  to  50  milUon  periods  per  second. 
The  current  obtained  by  these  means  is  not  only  veri,' 
steady  and  for  many  purposes  ver^-  useful  on  account  of 
the  large  range  of  periodicity-  to  which  it  can  be  readily 
adjusted,  but  is  also  of  a  ver\'  pure  sine-wave  form. 

From  this  short  description  of  the  thermionic  valve 
it  will  be  seen  that  whether  it  is  used  as  a  rectifier,  as 
a  relay  for  amplifying  received  impulses,  or  as  a  gene- 
rator of  oscillating  current,  the  principle  is  in  all  cases 
the  same,  a  stream  of  electrons  flowing  from  filament 
to  plate  is  acted  upon  by  the  charged  grid. 

Compare  this  with  the  rectifiers,  relavs  and  con- 
verters which  were  the  best  at  our  disposal  before  the 
discovery  of  the  electron,  and  it  is  easily  seen  how 
vastly  superior  is  an  instrument  which  instead  of  having 
to  rely  on  influencing  material  mo\-ing  parts  of  a  more 
or  less  clumsy  construction  deals  with  electrons  of  a 
mass  only  a  little  greater  than  one  2,000th  part  of 
that  of  an  hydrogen  atom.  It  is  necessary  to  look  at 
it  in  this  way  in  order  to  realize  the  possibility  of  the 
results  actually  obtained  in  practice. 

The  applications  of  thermionic  valves  have  so  far 
been  chiefly  in  the  ser\-ice  of  wireless  telegraphy,  and  of 
the  newer  branch  wireless  telephony. 

In  the  British  Navy,  Army  and  Air  Forces,  the 
progress  made  in  wireless  communications  was  largely 
due  to  the  introduction  of  thermionic  valves  both  as 
ampUfiers  in  the  receiver  and  as  generators  of  high- 
frequency  oscillations  in  the  transmitter. 

In  1914  and  1915,  three  electrode  valves  were  used 
for  wireless  transmitters  in  a  more  or  less  experimental 
way  in  the  Xavy,  and  from  that  time  the  use  of  these 
instruments  became  more  and  more  standardized. 
The  improvements  effected  were  rather  in  the  details 
of  construction  than  in  principle,  and  consisted  in 
obtaining  a  higher  degree  of  vacuum  in  the  bulb  and 
in  discovering  the  best  materials  to  use  for  the  different 
electrodes. 

As  early  as  1915  communication  was  made  between 
H.M.S.  Vernon  in  Portsmouth  and  a  ship  off  the  North- 
umberland coast,  the  current  in  the  aerial  of  the 
Vernon  being  only  o-6  ampere.  In  1916,  with  further 
improved  transmitting  valves  using  2,000  volts  in  the 
plate  circuit,  a  current  of  8  to  10  amperes  was  obtained 
in  the  aerial  of  the  Vernon  and  communication  was 
got  with  Gibraltar.  In  1918,  sets  were  being  supplied 
to  the  Grand  Fleet  as  rapidly  as  they  could  be  manu- 
factured. 


In  the  Air  Force,  the  wonderful  improvement  in 
intercommunication  made  chiefly  by  the  use  of  the 
ionic  valves  is  strikingly  realized  when  we  learn  that, 
of  the  aircraft  originally  sent  over  to  France  with  the 
Expedirionary  Force,  one  only  was  fitted  with  wireless 
apparatus,  while  at  the  signing  of  the  armistice  about 
500  machines  were  so  fitted  and  there  were  2,000  >vire- 
less  stations  with  the  batteries  capable  of  communi- 
cating with  these  machines. 

The  original  sets  in  lise  in  aeroplanes  were  in  some 
cases  worked  from  batteries,  others  from  engine-driven 
sets,  and  had  a  capacity  of  50  to  150  watts.  They 
varied  in  weight  from  about  i  lb.  to  \  lb.  per  watt 
output.  It  was  not  till  1916  that  recei\'ing  as  well  as 
transmitting  apparatus  was  regularly  fitted  to  aero- 
planes, and  this  was  effected  by  the  use  of  thermionic 
\alves  as  amplifiers.  At  the  same  time,  vahes  were 
used  experimentally  for  the  purpose  of  transmitting 
and   recei\'ing  wireless  telephone   messages. 

It  is  obvious  that  if  a  system  of  waves  interrupted 
b\'  the  use  of  a  Morse  key  will  transmit  JNIorse  signals, 
it  is  only  a  question  of  finding  a  detector  sufficiently 
dehcate  and  prompt  in  response  in  order  to  enable  us 
to  receive  the  signals  caused  by  the  interruption  and 
variation  of  these  wave  trains  by  the  \-ibration  of  a 
telephone  diaphragm.  The  variations  caused  by  these 
sound  vibrations  are  so  rapid  and  of  such  slight  values 
that  no  very  great  success  was  obtained  until  ionic 
valves  used  as  amphfiers  were  used  as  receivers.  A 
valve  will  ampUfy  the  oscillations  received  on  the  grid 
circuit  differently,  according  to  the  construction  of  the 
valve  and  to  the  potential  differences  at  which  it  is 
used.  The  valves  so  far  obtained  vary  from  an  increase 
of  about  5  rimes  to  30  times,  but  any  number  of  such 
valves  can  be  connected  as  it  were  in  series,  the  oscilla- 
tion in  the  plate  circuit  of  No.  i  being  impressed  on 
the  grid  circuit  of  No.  2,  another  magnification  being 
thus  obtained,  and  the  process  can  be  repeated  as  often 
as  desired. 

The  Americans  have  developed  the  use  of  this  instru- 
ment for  wireless  telephony  to  a  greater  extent,  and 
experiments  have  been  carried  out  when  telephonic 
communication  was  obtained  between  New  York  and 
San  Francisco,  New  York  and  Honolulu,  and  finally 
between  New  York  and  Paris.  In  some  of  these  experi- 
ments as  many  as  300  three-electrode  valves  were 
used  ;  and  if  it  be  assumed  that  each  valve  mag- 
nified 5  rimes,  the  magnification  obtained  by  300 
in  series  would  be  of  the  order  of  5  to  the  power 
of  300. 

One  very  striking  use  of  such  magnification  has  been 
the  detection  of  ordinary  telephonic  conversations  a?, 
the  Front.  By  dri\'ing  metaUic  rods  into  the  ground 
at  a  distance  of  a  few  hundred  yards  apart,  the  line 
joining  them  being  roughly  parallel  to  the  enemy  tele- 
phonic lines,  it  was  possible  to  tap  the  return  earth 
current.  AMien  the  extremely  small  value  of  the 
current  in  an  ordinary  telephone  line  is  considered, 
and  how  extremely  attenuated  the  earth  current  must 
be  at  a  lateral  distance  from  the  Une  which  must  be 
considerable,  since  it  must  include  at  least  the  dis- 
tance between  the  front  Une  trenches,  the  fact  that  it 
was  found  possible  to  intercept  conversations  going  on 
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behind   the   Cierman   lines   is   an   excellent   testimonial 
to  the  magnifying  power  of  the  valves  used. 

I  have  laid  particular  stress  on  the  evolution  and 
practical  application  of  the  thermionic  valve,  because 
it  is  the  most  marked  example  of  the  connection  between 
the  work  of  the  scientist  and  of  the  practical  engineer, 
but  many  other  examples  of  a  close  connection  between 
the  laboratory  and  the  workshop  are  to  be  found. 

The  rapid  progress  made  in  the  science  of  aviation 
has  resulted  from  the  action  and  reaction  of  practical 
experience  and  theoretical  investigations.  At  the  begin- 
ning of  the  war  our  knowledge  of  the  laws  of  pressure 
on  bodies  moving  through  a  fluid  was  of  a  very  elemen- 
tary character.  It  is  true  that  the  equations  of  motion 
of  a  fluid  about  an  object  of  any  given  shape  are  old 
and  well  known,  but  their  solution  has  not  hitherto 
been  found  possible  for  practical  purposes  except  in 
a  few  simple  cases  and  when  the  motion  is  steady  and 
free  from  eddies.  It  is,  I  believe,  still  the  fact  that  no 
solution  of  the  flow  of  air  round  any  of  the  bodies  used 
in  aviation  has  been  calculated  from  the  equations  of 
motion,  and  that  all  our  knowledge  of  streain  lines  in 
such  cases  is  due  to  experiment,  but  it  is  nevertheless 
true  that  our  knowledge  has  been  very  greatly  increased, 
if  indeed  it  cannot  be  said  to  be  entirely  due  to  the 
mathematician  and  the  physicist. 

One  of  the  most  useful  steps  was  the  publication  by 
Lord  Rayleigh  of  the  formula  for  the  variation  in  the 
air  pressure  due  to  change  of  dimensions  of  the  moving 
body,  and  it  is  entirely  due  to  the  application  of  the 
law  thus  formulated  that  experiments  in  aviation  were 
kept  on  sound  lines  and  that  the  results  have  proved 
the  astounding  success  which  we  have  seen. 

Without  this  guide,  not  only  would  it  have  been 
impossible  to  work  with  small  models  to  scale,  the 
number  of  possible  experiments  being  thus  hugely 
reduced,  but  the  actual  results  obtained  during  the 
flights  of  full-sized  machines  would  have  been  chaotic 
and  applied  only  with  great  uncertainty  and  difficulty 
to  evolving  either  improved  efficiency  or  increased 
size. 

Another  totally  different  direction  in  which  we  can 
see  science  coming  into  closer  contact  with  practical 
work  is  in  connection  with  the  methods  of  shop  organiza- 
tion now  being  so  widely  discussed.  The  up-to-date 
shop  organizer  is  no  longer  satisfied  merely  to  observe 
for  himself  the  effect  of  fatigue,  to  time  and  tabulate 
the  different  motions  gone  through  in  carrying  out  any 
operation,  but  he  calls  in  the  assistance  of  the  physi- 
ologist and  the  psychologist  to  devise  laboratory 
experiments  and  to  draw  on  his  experience  in  quite 
different  spheres  to  advise  him  as  to  the  proper  pro- 
portion of  work  and  rest  periods,  to  discuss  the  different 
results  of  nerve  and  muscle  fatigue,  and  the  mental 
attitude  produced  in  different  groups  of  workers  by 
changes  in  their  environment. 

Nay,  even  the  mathematician  steps  in,  and  it  has 
recently  been  proposed  to  apply  the  mathematical  law 
of  probability  to  discover  whether  or  not  there  is  any 
deliberate  attempt  to  restrict  output,  the  principle 
being  that  on  di\'iding  a  number  of  workers  performing 
the  same  operation  into  groups  according  to  their 
ability    as    indicated    by    their    output,    counting    the 


numbers  in  each  group  and  plotting  the  results  as  a 
graph,  the  curve  should  be  symmetrical  about  its  average 
value  if  the  observations  have  been  carried  out  on  a 
sufficiently  large  number.  If,  however,  any  extraneous 
cause,  such  as  a  deliberate  attempt  of  the  more  able 
to  hide  their  abilitj-  in  order  to  restrict  output,  is  intro- 
duced, the  symmetry  of  the  curve  about  its  mean 
value  will  vanish. 

Other  examples  of  the  results  of  scientific  research 
during  the  war  are  the  improvement  in  range  finders, 
the  finding  of  range  and  direction  of  an  enem}'  gun 
through  the  agency  of  the  sound  waves  produced  by 
its  discharge  ;  the  use  of  a  reflected  sound  wave,  an 
echo  in  fact  of  a  sound  produced  at  the  observation 
post,  to  detect  the  presence  of  unseen  objects  whether 
in  the  air  or  under  water  ;  the  production  of  the  hydro- 
phone, a  telephone  receiver  capable  of  being  submerged 
and  which  being  kept  rotating  indicates  the  direction 
of  the  impending  sound  waves  by  giving  the  loudest 
indication  at  the  moment  when  the  plane  of  the  dia- 
phragm comes  into  coincidence  with  the  wave  front. 
These  are  all  examples  of  the  direct  use  made  of  scien- 
tific methods  and  of  the  services  of  scientific  men. 
Nor  would  I  have  it  thought  that  this  is  by  any  means 
a  complete  catalogue  of  what  has  been  done  in  this 
way  ;  rather  is  it  a  short  list  of  a  few  samples  taken 
almost  at  random  from  a  very  large  number. 

If,  turning  from  the  past,  we  venture  to  glance  at 
the  future,  we  can  scarcely  hope — perhaps  we  ought 
not  to  hope — that  the  rapidity  of  adaptation  of  scien- 
tific discovery  to  practical  work  developed  in  quite 
abnormal  times  will  continue  under  more  normal 
conditions.  We  may  not  unreasonably  hope,  however, 
that  the  closer  connection  and  the  more  rapid  adaptation 
of  scientific  discoveries  will  to  a  large  extent  be  main- 
tained under  the  new  conditions  we  are  all  looking 
forward  to,  and  it  is  gratifying  to  note  that  among 
the  many  projected  reforms  and  reorganizations  the 
setting  up  of  research  laboratories  by  large  industrial 
concerns,  and  the  stimulating  of  an  increased  public 
interest  in  scientific  work,  are  not  forgotten. 

It  is  also  gratifying  to  find  that  an  increased  interest 
is  being  taken  in  societies  such  as  our  own  Institution, 
which  are  the  most  powerful  link  between  the  scientist 
and  the  engineer,  and  that  we  are  all  increasing  our 
membership,  striving  to  add  to  our  spheres  of  acti\-ity 
and  to  organize  and  fit  ourselves  for  the  work  before  us. 

Great  as  has  been  the  work  of  the  engineer  in  "the 
past  century  in  bringing  into  our  services  first  steam 
and  then  electricity,  if  we  consider  the  centuries  that 
elapsed  between  Hero's  first  steam-driven  model  and 
the  evolution  of  the  modern  steam  turbine,  if  }ve  re- 
member that  electricity  was  known  to  the  ancient 
Greeks  and  that  barely  a  few  years  have  elapsed  since 
any  practical  use  was  made  of  it,  and  if  we  compare 
these  periods  with  the  history  of  the  electron  unknown 
yesterday,  to-day  usefully  employed  for  our  benefit, 
it  may  well  seem  that  we  maj-  be  on  the  brink  of  a  new 
era  the  possibilities  of  which  are  as  yet  undreamed  of. 

For  if  each  fresh  discovery  opens  up  ever  vaster 
fields  of  inquiry,  it  is  also  true  that  a  larger  and  larger 
number  of  workers  mentally  equipped  to  carry  out  the 
exploration  are  each  year  available,  and  it  is  part  of 
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our  work  as  an  Institution  to  see  that  the  supply  of 
such  workers  is  kept  up  to  the  requisite  standard 
and  that  their  work  and  efforts  are  properly  appre- 
ciated. 

It  is  only  necessary  to  glance  at  any  technical  or 
scientific  journal  to  see  how  large  a  proportion  of  the 
time  and  attention  of  present-day  science  is  engaged  in 
problems  of  radio-activity  and  of  the  constitution  of  the 
atom  ;  and  however  imperfect  our  knowledge,  howev-er 
much  we  still  have  to  learn  as  to  the  properties  of  the 
electron  and  how  it  enters  into  that  combination  which 
we  call  the  atom,  there  is  one  point  on  which  there 
cannot  be  considered  to  be  any  doubt,  and  that  is  the 
immense  quantity  of  energy  stored  up  in  the  atom  of 
matter.  It  has  been  calculated  that  the  average  energy 
stored  up  in  one  grain  of  radium  is  sufficient  to  raise 
loo.ooo  tons  of  water  from  freezing  to  boiling-point, 
and  atoms  of  other  elements  contain  energy  in  quanti- 
ties of  the  same  order  of  magnitude.  At  present  this 
energy  is  entirely  out  of  our  control,  the  atom  breaks  up 
spontaneously,  and  we  have  no  means  of  either  retarding 
or  accelerating  the  process,  nor  have  we  as  yet  any 
means  of  using  it.  Perhaps  we  never  shall  find  means 
of  bringing  it  under  control,  but  the  knowledge  that 
such  an  inexhaustible  store  of  energy  is  available  makes 
it  possible  to  hope,  without  too  great  a  stretch  of  the 
imagination,  that  some  means  of  using  it  will  some 
day' be  forthcoming,  and  we  may  then  anticipate  such 
a  revolution  in  the  conditions  of  living  as  will  absolutely 


throw  into  the  shade  the  changes  of  the  last  loo  years 
brought  about  by  the  discovery  of  the  steam  engine 
and  the  electric  telegraph.  For  we  are  all  convinced 
that  improved  methods  of  obtaining  and  distributing 
power  are  the  one  important  factor  in  obtaining  better 
conditions  of  life.  To  the  engineer  the  fact  is  patent, 
and  even  writers  describing  modern  social  Utopias  all 
find  it  necessary  to  postulate  large  developments— 
in  their  case  vague  and  obscure  development — in  the 
methods  of  obtaining  and  distributing  energj^  in  order 
to  be  able  to  attain  to  their  standard  of  ideal  existence. 
Already  in  the  ionic  valve  we  are  making  some  practical 
use  of  atomic  energy.  In  wireless  telegraphy  we  are 
transmitting  not  inconsiderable  quantities  of  energj'  to 
great  distances  without  material  connection,  and  surely 
if  further  developments  do  follow  whether  in  the  imme- 
diate or  the  distant  future,  they  will  be  so  intimately 
connected  with  the  work  of  the  electrical  engineer  that 
he  will  perforce  take  a  leading  part  in  bringing  them 
about. 

If  any  excuse  is  required  for  drawing  members' 
attention  to  possibilities  which  at  present  are  rather  in 
the  realm  of  romance  than  of  actuality,  it  is  only  neces- 
sary to  point  to  the  changes  and  forecasts  of  changes 
in  every  department  of  activity  around  us.  Our  military 
leaders  during  the  war  were  often  accused  of  a  lack  of 
imagination  to  which  many  failures  were  attributed. 
It  may  be  that  occasionally  to  indulge  our  imagination 
may  also  help  in  times  of  peace. 
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{Address  delivered  at  Manchester,   i8  November,   1919.) 


For  the  first  time  for  six  j-ears  we  meet  under  actual 
peace  conditions. 

The  bitter  struggle  in  which  this  nation  with  her 
Allies  entered  upon  in  1914,  with  its  terrible  toll  of 
life,  human  suffering,  and  material  destruction,  has 
ended  in  a  complete,  let  us  hope  a  final  victory  for  all 
our  Allies.  We  remember  at  this  time  those  members 
of  this  Centre  who  went  out  to  do  their  dutj'  in  the 
early  days  of  the  war.  X  number  of  these  have 
made  the  great  sacrifice,  others  have  returned  men- 
tally and  physically  disabled.  We  pay  to-night  our 
tribute  to  the  memories  of  those  who  have  fallen.  To 
those  who  have  returned  let  us  see  that  at  any  rate 
they  are  reinstated  in  civil  life,  and  that  they  will 
not  be  at  a  disadvantage  on  account  of  the  sacrifices 
they  have  made. 

The  part  played  by  the  electrical  industry  in  the 
war  is  being  recorded  officially  by  the  Ministry  of 
Munitions,  and  the  first  portion  of  the  published  returns 
dealing  with  power  supply  during  the  war  reveals  some 
striking  results. 

When  called  on  to  provide  an  adequate  supply  of 
power  for  the  manufacture  of  munitions,  power  stations 
were  labouring  under  serious  disadvantages  in  1915.  In 
the  early  days  of  the  war,  and  before  its  real  nature 
had  been  grasped,  power  station  staffs  were  depleted 
owing  to  technical  assistants  and  skilled  men  leaving 
for  naval  or  military'  service.  When,  later,  the  country 
became  organized  for  war  munitions  output,  large  and 
urgent  demands  for  power  were  made.  Existing  plant 
had  to  be  run  to  its  full  capacity,  including  all  reserve  or 
stand-by  plant,  new  plant  had  to  be  hurriedly  installed 
and  risks  taken  which  would  not  have  been  justified 
under  any  other  than  war  conditions.  Working  under 
the  disadvantages  of  depleted  staffs,  shortage  of  labour, 
scarcity  and  low  quaUty  of  fuel  supplies,  and  with 
ordinary  maintenance  work  postponed  indefinitely,  the 
power  stations  were  able  nevertheless  to  meet  all  de- 
mands made  by  the  Ministry  and  thereby  to  assist  in 
the  manufacture  of  munitions,  which  at  that  time  were 
of  vital  national  necessity  and  coiild  not  have  been 
turned  out  had  a  public  supply  of  power  not  been 
available. 

One  result  of  the  increased  electrical  activity  during 
the  war  was  to  stimulate  its  employment  for  ordinary 
industrial  purposes,  and  to  place  electricity  beyond  all 
doubt  as  the  most  efficient,  reliable  and  cheapest  form 
of  power  for  all  industrial  and  manufacturing  purposes. 
Between  August  1914  and  November  1918  the  supply 
of  electricity  from  public  generating  stations  had  been 
doubled,  and  the  plant  installed,  or  ordered  during  the 
war,  was  greater  in  capacity  than  all  the  plant  in  use 


in  August  1914.  -Most  of  this  plant  was  supplied  on 
the  "  rationed  "  principle,  and  it  must  be  said  that 
on  the  whole  the  Ministry  of  Munitions,  who  had  the 
responsibility  for  issuing  permits  to  enable  plant  to 
be  purchased,  carried  out  their  duties  with  fairness 
and  discretion. 

It  was  not  surprising  that  the  increased  use  of  elec- 
tricity called  attention  to  the  possibility  of  cheap  power 
production,  and  the  question  of  centralization  under 
joint  control  became  a  problem  of  vital  national  im- 
portance. 

The  advantages  of  centralized  production  of  electricity 
on  a  large  scale  and  its  distribution  over  wide  areas 
were  of  course  well  known  before  the  war.  The  diffi- 
culties in  carrying  out  any  scheme  of  unification  were 
political  rather  than  commercial  or  technical.  The 
Board  of  Trade  since  1883  had  granted  Provisional 
Orders  to  companies  and  local  authorities  on  the  as- 
sumption that  the  local  authority  area,  already  delimited 
for  administrative  purposes,  was  also  a  suitable  area 
for  the  supply  of  electricity.  The  Electric  Lighting 
Act  of  1883  undoubtedly  favoured  municipal  control, 
and  placed  restrictions  on  private  enterprise  which 
at  that  stage  tended  to  retard  progress. 

Something  may,  however,  be  said  for  the  Board  of 
Trade.  Public  utilities,  such  as  water,  gas,  and  tram- 
ways, had  in  previous  years  been  entrusted  to  private 
companies,  and  the  results  were  not  encouraging. 
The  Board  apparently  determined  that  this  new  public 
utility,  then  used  for  lighting  purposes  only,  and  likely 
to  be  a  strong  competitor  of  the  gas  industry,  should 
be  placed  under  public  control. 

The  Electric  Lighting  Act  of  1888  was  rather  more 
favourable  to  private  enterprise,  chiefly  by  increasing 
the  period  of  concession  from  21  to  42  years,  and  pro- 
viding that  at  the  end  of  that  period  the  undertaking 
might  be  purchased  at  its  "  then  "  value.  It  does 
not,  however,  appear  to  have  stimulated  private  enter- 
prise to  any  great  extent,  and  many  of  the  company 
undertakings  which  were  set  up  in  the  eighties  were 
purchased  from  the  companies  by  the  local  authorities 
under  agreement  long  before  the  period  of  tenure  had 
expired. 

The  power  companies  who  obtained  supply  rights 
in  perpetuity  over  large  areas  between  1898  and  1902 
had  not  up  to  1914  made  much  progress  in  the  direction 
of  cheap  power  production,  and  in  only  a  few  cases 
had  local  authorities  closed  down  their  small  stations 
in  favour  of  bulk  supplies.  How  far  tliis  was  due  to 
local  jealousies  and  how  far  due  to  the  inability  of 
the  power  companies  to  furnish  cheap  supplies  need  not 
be  discussed  here  ;    the  fact  remains  that  it  required 
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the  strain  of  this  great  war  to  bring  the  importance  of 
cheap  electricity  supply  into  the  region  of  national  politics. 
The  first  actual  step  in  this  direction  was  really  taken 
by  the  reading  of  Mr.  E.  T.  Williams's  paper  *  before 
the  Institution  in  the  early  part  of  1916.  This  paper 
put  forward  bold  comprehensive  proposals  for  national 
electricity  supply  under  a  Board  of  Commissioners  in 
London.  The  scheme  included  the  erection  of  super- 
stations,  transmission  lines,  and  supplies  in  bulk  to 
local  authorities  over  distncts  to  be  set  up  by  the 
Commissioners. 

At  a  discussion  on  the  paper  in  Manchester  in  April 
1916,  I  ventured  to  state  that  Mr.  Williams's  proposals 
were  impracticable  under  the  conditions  at  that  time, 
when  the  problem  was  really  one  of  immediate  and 
abundant  supplies  of  power  for  all  purposes.  As  an 
alternative  I  suggested  the  linking  up  of  existing  stations 
as  a  means  of  increasing  the  output  from  the  present 
plant  and  affording  rehability  of  supply. 

As  an  outcome  of  the  discussion  a  committee  of 
engineers  was  appointed  about  two  weeks  later  to  report 
on  a  linking-up  scheme  for  Lancashire  and  Cheshire. 
It  should  be  explained  here  why  that  scheme  fell  through. 
In  preparing  their  second  Report,  which  was  intended 
to  formulate  a  detailed  linking-up  scheme,  the  Com- 
mittee felt  that  to  make  linking  up  effective,  a  full 
measure  of  central  control  was  necessary.  The  hours 
of  running  of  each  station  must  be  controlled  by  a  central 
authority,  and  it  followed  that  the  central  authority 
must  also  decide  at  what  stations  extensions  of  plant 
should  be  carried  out.  The  erection  of  new  stations 
by  the  central  board  followed  as  a  matter  of  course. 
The  majority  of  the  Committee  felt  that  the  Report, 
to  be  of  any  value,  must  put  forward  a  full  scheme 
which  would  pro\-ide  not  only  for  linking  up,  but  also  for 
the  joint  ownership  and  control  of  generating  stations. 
The  second  Report  was  considered  at  a  conference 
representing  35  supply  authorities  in  December  1917, 
and  by  a  majority  of  two  to  one  (each  authority  having 
equal  voting  power)  the  local  authorities  refused  to 
consider  the  latter  portion  of  the  engineers'  scheme 
deahng  with  the  purchase  of  existing  stations  and  the 
erection  of  new  stations. 

The  decision  was,  I  think,  unfortunate.  Had  it 
been  othenvise,  Lancashire  would  have  had  the  oppor- 
tunity of  setting  an  example  to  the  rest  of  the  country 
by  carrying  out  proposals  which  were,  in  all  essentials, 
identical  with  the  main  proposals  in  the  Electricity 
Bill  now  before  Parliament. 

But  the  work  of  the  linking-up  Committee  was  not 
altogether  fruitless.  It  brought  the  question  promin- 
ently before  local  authorities  and  engineers,  and  linking- 
up  Committees  became  the  fashion  throughout  the 
country.  ■  A  number  of  instances  of  voluntary  linking 
up  have  taken  place,  some  of  them  in  Lancashire. 
Perhaps  the  most  interesting  of  these  is  the  recent 
linking  up  of  Manchester  and  Salford.  Here  we  have 
a  case  where  the  political  conditions  could  hardlv  be 
described  as  favourable.  The  two  authorities  have  not 
hitherto  shown  an  overwhelming  desire  for  co-operation 
in  pubhc  utihty  work,  but  in  this  instance  the  proposal 
was  adopted  unanimously  by  both  Corporations. 

•  Journal  I.E. E.,  1916,  vol.  54,  p.  581.  I 
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A  cable  has  been  laid  of  10,000  kw.  capacity  at 
33,000  volts  between  the  Moss  Side  substation  of  Man- 
chester Corporation  and  the  Salford  generating  station 
in  Frederick-road.  The  energy  is  stepped  up  from 
6,600  to  33,000  volts  at  Moss  Side,  and  stepped  down 
again  at  Frederick-road  to  6,600  volts,  where  the  two 
systems  are  operated  in  parallel. 

In  the  meantime  provision  is  made  for  a  supply  of 
5,000  kw.  by  Manchester  to  Salford,  but  this  can  be 
increased  to  the  full  capacity  of  the  cable  by  instalbng 
a  second  set  of  transformers. 

It  may  be  mentioned  that  the  Salford  system,  in 
addition  to  operating  in  parallel  vnth  Manchester, 
also  operates  in  parallel  with  the  system  of  the  Lancashire 
Power  Company.  The  Power  Company's  system  is 
connected  to  two  generating  stations  each  generating 
at  6,600  volts,  so  that  we  have  a  series  of  five  linked- 
up  stations  extending  from  Manchester  in  the  east 
to  Wigan  in  the  west. 

Following  the  Reports  of  the  Lancashire  Committee, 
the  Special  Committee  on  Power  Supply  appointed  by 
the  Board  of  Trade  issued  its  Report  in  June  of  last  year, 
and  as  a  result  we  have  the  Electricity  (Supply)  Bill 
which  is  now  before  Parliament. 

This  Bill,  which  has  now  emerged  from  the  Committee 

stage  in  Parhament,  is  by  far  the  most  important  event 

in   the   history   of   electricity   supply   in   this   country, 

and  is  bound  to  exercise  an  enormous  influence  on  future 

I    developments. 

The  report  of  the  proceedings  in   Committee  shows 
that   the    proposals   in    the    Bill   have    undergone    the 
most  exhaustive  and  searching  scrutiny.     Company  and 
municipal  interests   have   been   ably   represented,    and 
while  compromises  have  naturally  had  to  be  effected, 
the  Bill  will,  I  think,  be  accepted  in  its  present  form  by 
the    supply  industry  at  large  as  being  on  the  whole 
a  comprehensive  and  satisfactory  measure  for  dealing 
with  what  is  now  an  extremely  complicated  problem. 
The  most  striking  feature  of  the  Bill  is  the  enormous 
powers   which   are  to   be  exercised   by  the  five   Com- 
missioners   to    be    appointed    "  to    promote,    regulate, 
and   supervise  "   the   supply   of   electricity.     They   are 
to  create  areas  for  purposes  of  electricity  supply,   to 
constitute    District    Boards,    to    approve,    modify,    or 
reject  schemes  formulated  by  local  authoriries  or  others, 
to  bring  forward  schemes  themselves,  to  lend  money, 
to  control  prices,  and  to  fix  such  minor  matters  as  the 
type  of  current,    frequency,  and  pressure  employed  for 
the    new    systems.     They    are    also    to   be  allowed  to 
spend  20  million  pounds  on  new  schemes  within  two 
years  after  the  passing  of  the  Bill.     They  will,  in  short, 
exercise   complete   control   over   the    whole   electricity 
supply  industry.     Such  powers  are  quite  unprecedented, 
and  their  exercise  will  call  for  men  of  undoubted  standing 
and  abiUty  who  can  be  trusted  to  act  impartially  and 
who  are  free  from  any  interest   political,   commerica!, 
or    otherwise,    which    might    clash    with    their    duties 
as    Commissioners.     So    far    the    only    Commissioner 
appointed   is   the  Chairman,    and  it  will  be  a  source 
of   satisfaction    to    power    station    engineers    that    the 
choice  has  fallen  upon  Sir  John  Snell,  a  Past-President 
of  this  Institution,  who  is  not  only  an  engineer  of  great 
abihty  and  wide  experience,  but  who  possesses  to  an 
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exceptional  degree  the  confidence  of  all  parties — 
municipal  and  company — interested  in  electricity  supply. 

The  discussion  of  the  Bill  has  largely  centred  round 
Glauses  5  and  7,  and  some  material  alterations  have 
been  made  to  both.  On  Clause  5,  which  originally 
proposed  to  confer  powers  on  the  Commissioners  to 
create  electricity  districts  and  constitute  District 
Electricity  Boards  who  were  to  be  responsible  for  a 
"  cheap  and  abundant  supply  of  electricity  "  within 
the  district,  with  powers  to  acquire  existing  generating 
stations  and  transmission  lines,  and  to  construct  new 
generating  stations,  an  important  compromise  has  been 
made.  Instead  of  setting  up  District  Boards  in  each 
of  the  districts,  the  Commissioners  now  may  exercise 
any  one  of  three  alternatives.  If  they  are  satisfied  with 
the  existing  organization  for  electricity  supply,  they  maj' 
leave  matters  as  they  are  ;  or  if  they  are  not  satisfied, 
they  may  hold  an  inquiry  at  wliich  any  local  authority 
or  other  interested  party  maj'  put  forward  a  scheme 
for  consideration,  wliich  the  Commissioners  may  accept, 
or  modify,  or  reject.  If  the  scheme  is  accepted,  a  joint 
electricity  authority  may  be  formed  under  the  scheme 
comprising  the  various  undertakers  within  the  district, 
with  or  without  the  addition  of  large  consumers  and 
other  interests.  This  Board  will  have  power  to  take 
over  existing  undertakings  in  whole  or  in  part,  and 
exercise  the  prov-isions  of  the  Act  which  apply  to  District 
Electricity  Boards. 

The  third  alternative  is  that  if  the  Commissioners 
are  not  satisfied  with  the  existing  organization,  and  if 
'  the  authorities  or  those  interested  cannot  or  will  not 
themselves  put  forward  a  scheme,  i.e.  if  the  authori- 
ties do  not  co-operate  on  a  scheme  which  receives 
the  approval  of  the  Electricity  Commissioners,  the 
Commissioners  may  then  set  up  a  District  Board  which 
vsdll  carry  out  a  scheme,  including  the  taking  over  of 
power  stations  and  the  erection  of  new  stations  with  or 
without  the  consent  of  the  supply  authorities. 

The  effect  of  the  modification  is  to  make  the  pro\'isions 
more  elastic,  and  to  give  the  local  authorities  and 
companies  themselves  a  chance  to  co-operate  on  a 
combined  scheme. 

The  terms  on  which  existing  stations  and  trans- 
mission lines  may  be  purchased  as  set  forth  in  Clause 
7  have,  as  expected,  given  rise  to  acute  controversy^ 
the  criticism  coming  with  equal  force  and  measure 
from  municipal  and  company  representatives  respectively. 
The  "  standard  price  "  in  the  case  of  local  authority 
stations  may  either  be  the  outstanding  capital  liabilities 
in  respect  of  the  station,  payable  in  the  form  of  annuities 
for  interest  and  sinking  fund  charges,  or,  as  amended, 
the  local  authority  is  entitled,  if  it  desires,  to  have  the 
price  determined  by  an  arbitrator  on  the  basis  of 
capital  cost  of  the  station,  less  depreciation.  An 
increased  amount  is  also  to  be  paid  on  account  of  any 
portion  of  the  station  or  transmission  lines  which  has 
been  paid  for  from  Revenue  Account.  In  the  case 
of  companies  the"  standard  price  "  is  to  be  the  certified 
cost  of  the  generating  station  and  transmission  lines, 
less  an  amount  for  depreciation,  to  be  determined  by 
the  Electricity  Cortimissioners,  and  plus  an  allowance 
for  "  loss  by  severance." 

The  critics  of  the  purchase  terms  in  the  case  of  local 


authorities  contend  that  owing  to  the  operation  of 
sinking  funds  and  the  increase  of  values,  the  generating 
stations  of  local  authorities  are  worth  considerably  more 
than  the  standard  price,  under  either  of  the  alterna- 
tives offered.  It  will  be  found  that,  as  a  rule,  local 
authority  generating  stations  have  redeemed  on  the 
average  not  less  than  40  and  in  many  cases  as  much 
as  60  per  cent  of  the  original  capital  expenditure,  and 
as  the  value  of  plant  has  increased  from  2  to  at  times 
over  pre-war  prices,  the  Joint  Boards  or  District 
Boards  will  make  a  ^■ery  good  bargain  indeed. 

Another  criticism  is  that  the  terms  make  no  distinction 
between  the  prudent  and  imprudent  local  authorities. 
The  authority  which  has  not  only  been  redeeming  its 
capital  by  way  of  sinking  fund  but  Las  depreciated  in 
addition,  is  to  receive  no  recognition  over  the  authority 
which  has  only  made  provision  in  the  past  for  statutory 
sinking-fund  requirenaents,  transferring  all  surplus 
profits  for  the  benefit  of  the  district  rates. 

There  is  much  force  in  tliis  criticism,  but  it  must  be 
remembered  that  local  authorities  are  not,  strictly 
speaking,  trading  for  profit.  Their  proper  function  as  a 
public  authority  is  to  ensure  that  a  cheap  and  efficient 
supply-  of  electricity  is  available  for  the  community 
they  represent.  The  changes  proposed  in  the  Bill 
simply  mean  the  transfer  of  their  responsibilities  and 
liabiUties  to  the  new  authority,  and  the5^  will  reap  the 
.benefit  of  cheap  purchase  of  their  stations  bv  the  District 
Board  in  the  reduced  rates  charged  to  them  for  bulk 
supplies. 

In  the  case  of  companies  the  conditions  are  soniewhat 
different.  They  ha\'e  invested  their  shareholders'  money 
in  providing  electricity  supply  under  parliamentary 
sanction  with  the  perfectly  natural  object  of  making 
a  profit  from  the  business. 

Whether  the  ownership  of  public  utilities  by  private 
companies  under  limited  tenures  is  a  right  policy  or 
not  need  not  be  discussed  now.  The  fact  is  that 
these  companies  were  willing  to  risk  their  capital  in 
proxdding  public  supplies  of  electricity  at  a  time  when 
the  local  authorities  themselves  were  not  prepared  to 
do  so.  They  have  been  operating  imder  parliamentary 
guarantees  regarding  purchase  terms,  and  it  would  be 
contrary  to  all  our  parliamentary  and  national  traditiors 
to  take  their  generating  stations  from  them  now  on  terms 
less  favourable  than  they  are  entitled  to  under  existing 
Acts   of   Parliament. 

The  terms  were  discussed  at  considerable  length 
in  Committee,  and  it  is  unfortunate  that  a  compromise 
satisfactory  to  the  companies  could  not  be  arrived  at.  The 
matter  will  probably  be  raised  again  in  Parhament. 
The  Government  are  evidently  prepared  to  recognize 
that  the  companies  are  entitled  to  better  terms,  because 
in  a  later  clause — Clause  12 — it  is  provided  that  if 
the  company's  generating  station  is  taken  over  by  a 
District  Board,  the  company  may,  within  two  years, 
call  on  the  District  Board  to  take  over  their  distribu- 
tion system  also  at  the  original  capital  cost  of  the 
whole  undertaking,  less  the  sum  already  received  for  the 
generating  station.  The  effect  is,  of  course,  that  if  the 
companies  lose  their  generating  stations,  and  wish,  as 
many  of  them  will,  also  to  dispose  of  their  distribution 
systems,  they  will  receive  the  original  value  of  the  whole 


ROBERTSON:     NORTH-WESTERN   CENTRE:    CHAlRxMAN'S   ADDRESS. 


51 


undertaking,  including  the  station,  without  any  deduc- 
tion for  depreciation. 

The  provisions  of  Clauses  7  and  12  as  they  stand 
appear  to  be  designed  to  drive  private  companies  out 
of  the  business  of  electricity  supply,  and  I  trust  that 
Clause  7  may  be  so  amended  that  the  Companies  will 
receive  the  same  terms  for  the  station  alone  as  it  is 
proposed  under  Clause   12   for  the  whole  undertaking. 

There  is  one  provision  in  Clause  7  which  is,  I  think, 
open  to  very  grave  objection.  Sub-section  5  stipulates 
that  when  a  generating  station  has  been  taken  over 
by  a  District  Board,  the  Board  is  obhged  to  supply 
the  authority  from  whom  it  is  taken  with  electiicity 
not  less  in  amount  than  could  have  been  generated  at 
the  transferred  station  and  at  a  price  not  greater  than 
that  at  which  it  could  have  been  generated,  having 
regard  to  any  reduction  of  costs  which  may  have  been 
expected  to  accrue  from  improvements  contemplated 
on  the  8th  May,  1919. 

This  provision  simplv  bristles  with  difficulties  and 
will  give  rise  to  interminable  disputes.  \Mio  is  to 
decide  what  the  station  could  ha\-e  generated  at  if 
certain  contemplated  improvements  had  been  carried 
out  ?  This  is  a  task  too  big  even  for  the  Commissioners. 
The  chief  objection,  however,  in  my  opinion,  is  one  of 
principle.  The  proxision  strikes  a  blow  at  the  main 
purpose  for  which  this  Bill  has  been  drafted.  The 
anomaly  at  the  present  time  in  nearly  all  industrial 
districts  is  the  difference  in  piices  and  rates  charged  by 
the  various  supply  authorities.  A  consumer  situated 
in  one  area  may  be  charged  a  certain  rate  for  electrical 
energy,  say  to  a  cotton  mill.  Half  a  mile  away  a  con- 
sumer requiring  an  exactly  similar  supply,  operating 
under  the  same  circumstances  as  regaids  load  factor 
and  cost  of  transmission,  may  be  charged  rates  50  per 
cent  more  because  the  energy  is  furnished  by  another 
supply  authority.  Surely  we  had  a  light  to  expect 
that  anomalies  would  be  swept  away  by  the 
Electricity  Bill,  and  that  the  new  authority.  Joint 
Board  or  District  Board,  set  up  for  that  district  would 
be  in  the  same  position  as  regards  equality  of  rates 
and  "  no  preference  "  in  furnishing  supphes  as  the 
existing  authorities  who  are  debarred  from  showing 
preference  to  one  consumer  over  another  taking  the 
supply  "  under  similar  circumstances." 

Under  Sub-Section  5  the  anomaly  is  to  be  con- 
tinued in  perpetuity.  The  various  supply  authori- 
ties will  be  entitled  and  obhged  to  receive  bulk 
supplies  from  the  District  Board  at  prices  based 
on  the  previous  costs  of  generation.  If  the  genera- 
tion costs  at  one  station  were  high,  the  prices 
charged  by  the  District  Board  will  be  high,  although 
the  cost  of  transmission  may  actually  be  less  than  in 
other  cases  where  the  authorities  are  entitled  to  a 
cheaper  supply  because  they  were  pre\'iously  for  some 
reason  or  another  able  to  generate  more  cheaply  than 
their  neighbours.  If  such  a  provision  has  been  intro- 
duced as  a  safeguard,  it  is  entirely  illusory,  because 
the  District  Board  is  only  bound  to  supply  the  amount 
which  could  have  been  generated  at  each  station,  and 
if  a  further  amount  is  required,  there  is  apparently  no 
limit  to  the  price  which  may  be  charged.  This  Sub- 
"Section  in  "my  opinion  is   a  most  serious  defect  in   the 


Bill.  I  trust  it  will  yet  be  deleted,  and  that  the 
District  Boards  will  be  obhged  to  supply  energj-  to  the 
distributing  authorities  over  the  whole  of  the  respective 
electricity  districts  at  uniform  rates. 

Under  Clause  16  of  the  Bill,  which  authorizes  District 
Electricity  Boards  with  the  sanction  of  the  Electricity 
Commissioners  to  exercise  their  powers  through  author- 
ized undertakers  or  bj'  companies  formed  for  the 
purpose,  the  Committee  have  by  a  large  majority  limited 
the  District  Board  to  exercising  their  powers  through 
"  authorized  undertakers "  only.  The  principle  of 
public  control  has  therefore  been  established  in  cases 
where  schemes  are  financed  with  public  money. 

In  Clause  17  the  compensation  terms  for  deprivation 
of  emploj"ment  have  been  enlarged,  and  will  now,  I 
think,  be  accepted  as  generally  satisfactory  by  those 
interested. 

Uijder  Clause  15  the  Board  of  Trade  can  authorize 
any  District  Board  to  abstract  water  from  rivers  or 
canals,  and  this  power  has  now  been  extended  in 
Committee  to  include  all  authorized  undertakers. 
This  is  an  important  extension,  and  will  be  appre- 
ciated by  those  undertakers  who  have  found  it 
impossible  to  obtain  condensing  rights  except  at  pro- 
hibitive prices. 

The  powers  conferred  by  the  Bill  on  various  under- 
takers with  regard  to  wayleaves  for  overhead  wires 
and  cables  will  remove  a  restriction  hitherto  exercisable 
by  local  authorities  and  land  proprietors,  which  has 
long  hampered  electricity  supply,  especially  in  rural 
districts. 

The  power  to  hire  (but  not  to  sell)  electrical  apparatus 
is  now  extended  to  all  local  authorities,  and  an  important 
proWso  has  been  added  that  the  fittings  and  appliances 
pro\-ided  on  consumers'  premises  either  before  or  after 
the  passing  of  the  Act  are  to  be  held  to  form  part  of 
the  undertaking. 

It  is  gratifying  to  note  that  in  addition  to  their 
administrative  powers,  the  Commissioners  will  have 
power  to  make  experiments  with  the  object  of  improNdng 
the  supply  of  electricity.  There  will  be  no  question 
amongst  engineers  as  to  the  necessity  and  urgency  of 
such  work.  I  am  not  overlooking  what  has  been 
done  by  manufacturers  in  their  laboratories  or  the 
research  work  carried  on  in  many  universities  and 
colleges.  In  the  case  of  manufacturers  the  draw- 
back is  that  unless  a  new  method  or  de\'ice  is 
patentable,  the  manufacturer  will  hesitate  to  disclose 
the  result  of  his  investigations  for  the  benefit  of  his 
competitors  in  trade.  In  this  respect  manufacturers 
may  be  very  often  short-sighted,  and  as  they  are  now 
pooling  their  commercial  resources,  I  suggest  that 
with  proper  understanding  and  good  faith  they  might 
be  able  to  carry  out  co-operati\-e  research  work  for 
the  benefit  of  the  whole  industry-. 

There  is  still  much  investigation  required  regarding 
the  properties  of  insulating  materials  for  high-pressure 
cables  and  generating  plant,  the  corrosion  of  turbine 
blading,  protective  de\'ices  for  high-tension  systems, 
switchgear  to  deal  with  pressures  up  to  50,000  volts, 
and  many  similar  problems.  It  is  Ukeh'  that  within 
the  next  five  years  a  sum  of  not  less  than  100  milUons 
will  be  expended  in  the  construction   of  new  stations 
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and  transmission  lines,  and  a  small  fraction  of  this 
amoimt,  say  J  per  cent,  expended  immediately  on 
research  work  would  prove  a  thoroughly  sound  invest- 
ment. 

It  appears  certain  that  within  a  very  short  time  the 
Bill  will  become  law  and  the  supply  authorities  will  be 
faced  with  some  interesting  and  vital  problems. 

When  the  Commissioners  come  to  create  Electricity 
Districts,  it  will  be  found,  I  think,  that  in  not  more  than 
one  or  two  industrial  areas  matters  will  be  allowed 
to  remain  as  they  are.  Certain  other  districts,  with 
stations  situated  far  apart,  where  the  power  demand 
IS  not  a  pressing  problem,  may  also  be  left  alone  in 
the  meantime,  but  in  the  remaining  districts — Lancashire, 
Yorkshire,  the  north  and  south  Midlands,  South 
Wales  and  London — Joint  or  District  Boards  are  certain 
to  be  formed. 

It  appears  likely  that  the  Lancashire  and  Cheshire 
area  will  be  one  of  the  first  to  be  dealt  with,  probably 
under  three  Boards,  representing  South-East  Lancashire 
and  a  part  of  Cheshire,  North  Lancashire,  and  South- 
west Lancashire,  the  latter  including  the  stations  on 
the  Wirral  Peninsula  in  Cheshire. 

The  supply  authorities  in  these  districts  will,  in  the 
first  instance,  have  the  opportunity  of  formulating 
schemes  of  their  own  for  subm.ission  to  the  Electricity 
Commissioners. 

Under  such  schemes  the  Board  may  be  composed  of 
authorized  undertakers  only,  and  it  appears  that  in 
most  cases  such  a  Board  will  be  preferable  to  a  District 
Board  which  will  have  outside  representatives,  repre- 
senting labour  and   large  consumers. 

The  question  is,  will  the  local  authorities  be  able  to 
sink  local  jealousies  and  co-operate  with  each  other  and 
with  companies  for  the  purpose  of  a  joint  scheme  ? 

The  engineers,  who  are  the  responsible  advisers  of 
their  Committees  or  Boards,  have  a  tremendous  re- 
sponsibility, and  their  attitude  will  largely  determine 
whether  a.  voluntary  scheme  is  adopted  or  not. 

It  is  to  be  hoped  that  on  this  occasion,  and  having 
in  view  the  fact  that  if  they  fail  to  agree  on  a  voluntary- 
scheme  a  District  Board  will  be  set  up  in  which  they  will 
be  compelled  to  take  part,  they  may  take  a  broad  view, 
uninfluenced  by  personal  or  local  considerations. 

The  technical  problem  will  turn  in  most  cases  on  the 
merits  of  local  generating  stations  situated  near  the 
centre  of  their  respective  loads,  as  compared  with 
supplies  from  one  large  station  on  a  site  suitable  for 
economical  generation  but  distant  by  comparison  from 
the  loads. 

The   advantages   of    the   super-station    are : — 

(i)   A   favourable   site   for   condensing,    and   for   coal 

supplies  and  disposal  of  ashes,  with  ample  room 

for  extension. 
(2)   The    lower    capital    cost    per    kilowatt    of    plant 

installed,    higher    load    factor,    lower  costs  for 

fuel,  labour  and  maintenance. 

Against  these  undoubted  advantages,  we  have  to 
set  the  cost  of  transmission — including  capital  charges 
on  mains  and  the  lower  efficiency  due  to  transformer 
and  line  losses. 

It    is    a    fact,    I    believe,   that  at  the    present  time 


engineers  are  more  divided  amongst  themselves  as  to  the 
policy  to  be  followed  than  they  were  a  few  years  ago. 

It  IS  contended  that  the  increased  cost  of  super-station 
construction,  which  has  risen  fron  £•]  or  ^^8  per  kilowatt 
of  plant  installed  to  £20  or  £12,  with  a  corresponding 
increase  in  ihe  cost  of  transmission  lines,  has  turned  the 
scale  in  favour  of  local  generation. 

On  the  other  hand  it  is  true  that  coal  and  labour 
costs  have  increased  in  almost  the  same  proportion, 
but  it  is  claimed  that  the  saving  from  super-station 
generation  in  these  items  does  not  neutralize  the  in- 
creased capital  charges  on  super-station  construction. 

It  is  impossible  of  course  to  apply  any  general  rule 
to  individual  cases,  and  the  factors  vai-y  so  much  that 
any  estimate  on  general  lines  is  apt  to  be  misleading- 

I  do  not  propose  to  go  into  details,  but  will  deal 
with  one  or  two  general  points  which  should  be  taken 
into  consideration  when  schemes  come  to  be  considered. 

It  may  be  admitted  at  once  that  in  the  case  of  a 
local  station  equipped  with  fairly  modern  plant  at 
the  prices  obtaining  prior  to  191 7,  with  natural  con- 
densing facilities  sufficient  to  deal  with  the  present 
load,  and  able  to  operate  economically  sets  of  3,000 
or  5,000  kw.  capacity,  it  is  extremely  difficult  to  make 
out  a  case  for  supply  from  a  super-station,  saj'  8  or  10 
miles  distant. 

There  are  a  number  of  such  stations  in  the  Lancashire 
area  which  can  show  working  costs  that  compare  favour- 
ably with  many  of  the  larger  stations  now  in  operation. 
On  commercial  grounds  there  appears  to  be  no  good 
reason  for  closing  down  these  stations  at  present  in 
favour  of  a  bulk  supply. 

In  preparing  a  scheme  for  a  whole  district,  the 
question  must,  however,  be  looked  at  from  a  broader 
point  of  view,  regard  being  had  not  to  present  condi- 
tions, but  to  the  conditions  which  may  exist  7  to  10 
years  hence. 

The  main  fact  is  that  we  are  faced  in  these  industriai) 
districts  with  very  much  greater  demands  for  electricity 
than  we  have  been  accustomed  to  in  the  past.  A13 
the  evidence  goes  to  show  that  the  enormous  increases 
during  the  war  will  be  more  than  maintained,  and  it 
is  the  general  experience  that  in  the  change-over  from 
war  conditions — which  naturally  meant  a  slowing  down 
— we  have  already  regained  the  position  of  November 
1918,  and  that  further  demands  are  constantly  being; 
made. 

It  is  not  too  much  to  estimate  that  within  the  next 
five  years  the  present  output  will  be  at  least  doubled, 
and  if  the  national  scheme  fulfils  expectations,  stilS 
greater  increases  may  be  looked  for. 

We  have  to  consider  then  whether  those  local  stations, 
on  restricted  sites,  with  limited  condensing  facilities^ 
will  be  able  to  meet  all  future  demands  for  electricity 
in  their  areas,  because  if  the  continuance  ^f  the  stations 
involves  new  expenditure  on  plant,  the  relative  ad- 
vantage of  pre-war  prices  disappears.  The  erection 
of  a  new  station,  other  than  a  super-station,  in  the 
industrial  areas  is  unthinkable  unless  under  most 
exceptional  conditions. 

Take  the  case  of  a  district  with  a  group  of  10  or  12  loca5 
stations  of  varying  capacity.  One  or  two  stations  may 
be    showing    comparatively    good    results.     The  others 
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may  not.  There  is  nothing  more  remarkable  than  the 
variation  in  efficiency  in  stations  situated  in  the  same 
district  and  apparently  operating  under  similar  con- 
ditions as  regards  fuel  prices  and  load.  In  a  census 
taken  by  the  Lancasliire  and  Cheshire  Interconnection 
Committee,  the  fuel  consumption  varied  from  2Z  lb.  to 
S-j  lb.  per  unit. 

In  the  case  of  the  group  referred  to,  it  is  probable 
that  in  three-fourths  of  the  stations  a  bulk  supply  from 
a  super-station  favourably  situated  would  show  an 
advantage,  while  in  the  other  two  or  three  stations  a 
case  could  be  made  out  for  local  generation.  If,  how- 
ever, a  new  super-station  is  required  for  the  district, 
it  may  be  good  policy  to  close  down  the  two  or  three 
efficient  stations  in  addition  to  the  8  or  9  inefficient 
stations,  to  increase  the  load  factor  on  the  super-station, 
and  so  improve  the  supply  to  the  whole  district.  The 
two  or  three  efficient  stations  in  the  group  would  be 
interconnected  and  could  be  retained  for  stand-by  or 
peak-load  purposes  up  to  the  limit  of  their  economical 
capacity. 

After  all,  the  supply  of  electricity  cannot  be  con- 
sidered by  itself  alone.  It  is  essentially  bound  up 
with  questions  of  transport,  housing,  industrial  recon- 
struction, and  the  conservation  of  fuel. 

The  electrification  of  railways,  which  has  been  held 
up  during  the  war,  is  certain  to  develop  enormously 
in  the  near  future.  The  work  done  by  the  Lancasliire 
and  Yorkshire  Railway  Company  and  by  the  London, 
Brighton  and  South  Coast  Railway  Company  has,  I 
believe,  given  the  greatest  satisfaction,  and  new  schemes 
in  different  parts  of  the  country  are  being  announced. 

From  the  point  of  view  of  the  travelling  public  there 
is  no  question  as  to  the  greater  convenience  and  comfort 
of  all  electrified  railways. 

Under  the  new  conditions,  it  is  hardly  likely  that 
the  mistake  of  constructing  separate  generating  stations 
tor  railway  supplies  will  be  repeated.  The  load  factor 
of  railway  supplies  must  be  combined  with  the  load 
factor  of  industrial  supplies  to  get  the  best  results. 
L'nder  these  conditions  the  fuel-saving  by  railway 
electrification  has  been  estimated  at  50  to  60  per  cent. 
It  is  of  the  greatest  importance  that  the  two  supplies 
should  be  combined,  and  the  question  of  centralized 
generation  versus  local  stations  maj'  in  many  cases 
be  determined  by  this  factor  alone. 

Another  question  that  cannot  be  overlooked  is  the 
tendency  for  cities  and  towns  to  spread  out  in  order 
to  find  improved  housing  accommodation  for  the 
workers.  The  industrial  conditions  of  last  century, 
when  lack  of  transport  led  to  the  concentration  of 
large  populations  in  the  industrial  areas,  is  not  likely 
to  be  perpetuated  in  the  future. 

As  the  towns  spread  out,  many  industries  will  follow. 
There  is  even  now  a  tendency  to  remove  some  classes 
of  factories  from  the  city  to  the  urban  or  district  areas. 

My  point  is  that  the  tendency  will  be  for  the  demand 
to  spread  out  over  a  larger  area,  and  the  advantage  of 
the  local  station  to-day  through  its  proximity  to  the 
load  may  be  a  diminishing  factor  in  the  future. 

There  remains  the  still  greater  and,  I  believe,  the 
deciding  factor  of  fuel  conservation.  A  cheap  and 
abundant  supply  of  power — which  is  the  object  of  the 


Electricity  (Supply)  Bill — cannot  be  considered  apart 
from  this  question.  The  industrial  life  of  this  country 
depends  for  its  existence  on,  and  is  limited  in  duration 
by,  our  supplies  of  coal.  At  the  present  rate  of  con- 
sumption our  supplies  of  coal  are  estimated  to  last  for 
500  years,  but  as  the  more  accessible  and  richer  seams 
are  worked  out,  a  considerable  increase  in  cost  must 
take  place  long  before  that  period  has  expired. 

In  passing,  reference  must  be  made  to  the  repeated 
claims  made  by  the  gas  authorities  on  behalf  of  coal 
carbonization  as  a  means  to  effect  fuel  economy.  One 
eminent  authority  a  few  years  ago  referred  to  the 
"  barbarous  methods  "  of  consuming  coal  in  boiler 
furnaces,  and  another  authority  (Lord  Moulton)  said 
the  other  day  that  "  he  hoped  the  Fuel  Conservation 
Committee  would  not  look  to  electricity  as  the  solution 
of  the  difficulty  of  conser\-ing  our  fuel  resources,  but 
would  feel  that  the  use  of  gas  was  the  most  potent 
weapon  at  their  command,"  and  still  another  authority 
(Sir  Arthur  Duckman)  has  said  that  "  they  should  not 
have  had  Electricity  Commissioners,  they  should  have 
had  Commissioners  for  heat,  light,  and  power,  tackhng 
electricity  and  gas  works,  coke  oven  generation,  and 
waste  heat  from  blast  furnaces.  There  should  be  no 
false  competition  between  gas  and  electricity.  They 
ought  to  run  together." 

On  this  question  of  coal  carbonization,  power  station 
engineers  have,  I  believe,  an  open  mind.  The  urgent 
and  primary  need  is  for  a  supply  of  cheap  power,  and 
if  this  object  can  be  more  economically  achieved  by 
a  process  of  carbonization,  it  will  be  welcomed  by  the 
electricity  supply  industry. 

It  may  be  admitted  that  the  gas  engine  as  a  prime 
mover  has  a  slightly  higher  efficiency  than  the  steam 
boiler  and  turbine,  but  it  is,  of  course,  quite  unsuited 
to  power  production  on  a  large  scale,  while  the  dis- 
tribution of  gas  over  a  large  area  for  power  purposes 
is  not  a  practical  proposition. 

The  combination  of  coal  carbonization  with  the  pro- 
duction of  power  is  a  question  on  which  further  infor- 
mation is  urgently  required.  The  Fuel  Research  Com- 
mittee has  been  considering  the  matter  for  some  years, 
but  up  to  the  present  we  are  without  any  practical 
proposition  which  would  justify  the  combination  of 
coal  carbonization  and  power  production  on  a  large 
scale  for  immediate  requirements. 

So  far  as  we  know,  the  production  of  gas  for  firing 
boilers  presents  no  advantage  in  thermal  efficienc}', 
apart  from  the  production  of  by-products,  the  chief 
of  these  being  ammonia  sulphate. 

Over  and  over  again  experiments  have  been  made 
which  appeared  to  show  favourable  results,  but  there 
the  matter  ended. 

The  powers  of  the  Electricity  Commissioners  (as 
extended  in  Committee)  will  enable  them  to  conduct 
experiments  on  the  utihzation  of  fuel,  and  it  is  probable 
that  some  of  the  new  stations  to  be  erected  will  employ 
to  a  limited  e.xtent  carbonization  plant,  with  the  object 
of  gaining  information  and  experience.  In  the  meantime 
it  appears  certain  that  under  the  new  power  schemes, 
the  great  bulk  of  power  production  will  be  obtained 
from  stations  with  coal-fired  boilers  and  turbine-driven 
generators,  showing  a  boiler-house  efficiency  of  80  to 
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85  per  cent,  and  an  overall  thermal  efficiency  of  18 
to  20  per  cent. 

The  question  is,  what  amount  of  fuel  saving  is  possible 
by  transferring  the  generation  of  electricity  from  a 
number  of  small  and  medium  sized  stations  to  a  few 
large  stations  on  favourable  sites  laid  out  to  secure  the 
highest  possible  efficiency  ? 

Some  useful  information  is  available  from  the  Coal 
Mines  Department  who  have  summarized  the  monthly 
returns  of  power-station  fuel  consumptions  in  the 
United  Kingdom  for  the  years  1918  and  1919.  These 
returns  ought  to  receive  the  serious  attention  of  all 
interested  in  electricity  supply  and  fuel  conservation. 

The  summarv  includes  returns  frona  43S  electricity 
undertakings  having  an  output  of  4,745,000,000  units, 
and  a  total  fuel  consumption  of  7,356,000  tons,  including 
31,000  tons  of  coke. 

The  stations   are   grouped   in   four  classes,   viz. 

(a)  Stations   having   an   output   of   over   50   million 

units  per  annum  : 
(6)  Stations  having  an  output  of  between  15  million 

and  50  million  units  per  annum  ; 

(c)  Stations  having  an   output  of  between  3  million 

and   15  million  units  per  annum,  and 

(d)  Stations  having  an  output  under  3  million  units 

per  annum. 

The  average  fuel  consumption  of  all  the  stations  was 
3"47  lb.  per  unit  generated  for  the  year  ended  March 
1919. 

In  group  (a)  the  lowest  fuel  consumption  of  any 
station  was  18  lb.  per  unit,  representing  a  thermal 
efficiency  of  18  per  cent,  the  average  being  2-76  lb. 
per  unit,  and  the  highest  for  any  station  3-95  lb.  per 
unit. 

In  group  (b)  the  lowest  fuel  consumption  of  any 
station  was  2-19  lb.  per  unit,  representing  a  thermal 
efficiency  of  14  per  cent,  the  average  being  3-39  lb. 
per  unit,  and  the  highest  675  lb.  per  unit. 

In  group  (c)  the  lowest  fuel  consumption  of  any  station 
was  2'6i  lb.  per  unit,  representing  a  thermal  efficiency 
of  11 '2  per  cent,  the  average  being  4-34  lb.  per  unit, 
and  the  highest  ii'47  lb.  per  unit. 

In  group  (:d),  the  small  stations,  the  lowest  fuel 
consumption  was  372  lb.  per  unit,  representing  a  thermal 
efficiency  of  7-2  per  cent,  the  average  being  6-95  ib., 
and  the  highest  63-25  lb.  per  unit.  The  last  figure  is 
probably  a  freak  figure  from  a  small  station  operating 
under  abnormal  conditions. 

Now,  if  the  whole  of  the  energy  produced  by  the 
438  stations  had  been  generated  as  economically  as 
that  at  the  station  with  the  lowest  consumption  in 
group  (a),  i.e.  with  iS  per  cent  thermal  efficiency,  the 
resultant  saving  would  have  been  fully  3i  million  tons, 
or  47  per  cent  of  the  total  consumption. 

If  allowance  is  made  for  those  stations  in  group 
{d),  generating  3  million  units  or  under,  which  are  so 
situated  that  they  could  not  be  included  in  a  centralized 
scheme,  we  still  have  a  possible  saving  of  3  million 
tons  per  annum,  and  this,  if  capitalized  at  the  present 
price  of  coal  on  a  20  years'  basis,  would  amount  to  no 
less  than  ;^90,ooo,ooo. 


This  saving  is  calculated  on  the  present  output 
of  electricity.  Taking  into  account  the  certain  growth 
in  output,  which  cannot  be  estimated  at  less  than  double 
the  present  output  five  years  hence,  the  saving  of  our 
capital  resources  will  be  correspondingly  greater. 

The  estimate  of  sa\-ing  is  based  on  a  thermal  efficiency 
of  18  per  cent,  a  figure  which  has  already  been  attained, 
and  it  is  probable  that  an  efficiency  of  even  20  per  cent 
may  be  reached  in  the  near  future. 

It  is  not  sufficient  therefore  for  the  local  station  en- 
gineer to  show  that  a  case  can  be  made  out  for  con- 
tinuance on  commercial  grounds.  The  question  must 
be  looked  at  from  a  much  broader  point  of  view.  It 
is  quite  easy  to  show  that  the  value  of  the  coal  wasted 
at  a  local  station  amounts  to  less  than  the  capital 
charges  and  the  losses  on  a  transmission  system,  but 
the  broader  view  will  take  into  account  that  transmission 
systems  consist  chiefly  of  copper  and  lead,  or  copper 
and  steel,  materials  with  an  indefinitely  long  life  and 
considerable  residual  value.  The  wastage  of  coal  on 
the  other  hand  can  never  be  recovered,  and  in  wasting 
it  we  destroy  at  once  the  nation's  capital  and  our 
greatest  industrial  asset. 

The  outlook  for  the  electrical  industry  as  a  whole 
was  never  more  promising  than  it  is  to-day.  The  rapid 
development  during  the  war,  and  the  application  of 
electricitv  to  many  industrial  purposes,  such  as  steel 
smelting  and  chemical  processes,  which  were  only  in 
the  speculative  stage  a  few  years  ago,  have  established 
the  future  of  the  industry  on  a  thoroughly  sound 
basis. 

The  manufacturers  of  electrical  plant  and  apparatus 
have  an  unrivalled  opportunity.  The  whole  world  is 
waiting  for  their  productions.  The  problem  of  the 
moment  is  to  increase  production,  so  as  to  meet  the 
needs  of  our  own  markets  in  the  first  place,  and  at 
the  same  time  to  re-establish  our  export  trade,  to 
enable  us  to  pay  off  the  heavy  indebtedness  arising 
from  the  war. 

The  combination  of  manufacturing  interests  which 
has  recently  taken  place  may  do  much  to  assist  rapid 
production  by  organization  and  allocation  of  the  work 
amongst  the  factories  which  the\-  control.  If  they  can 
assure  also  that  the  pooling  of  manufacturing  and  com- 
mercial resources  will  not  destrov  the  stimulus  to 
individual  effort,  that  standardization  to  ensuie  mass 
production  does  not  mean  the  rejection  of  new  ideas,  and 
that  the  benefits  from  reduced  production  costs  will  be 
shared  by  the  purchaser,  then  the  new  conditions  will 
be  welcomed  by  the  general  body  of  the  public. 

There  is  no  public  body  in  the  country  to-day  which 
wishes  to  place  its  contracts  in  any  country  but 
our  own.  The  old  conditions  under  which  the  prices 
of  British  plant  for  public  power  stations  was  fixed 
in  Berlin,  Zurich,  or  the  United  States,  have  gone  for 
a  long  time,  and  it  will  be  the  manufacturer's  own 
fault  if  they  ever  come  hack  ;  but  if  the  purchaser  is 
to  lose  the  protection  afforded  by  foreign  competition, 
he  must  have  some  assurance  that  the  prices  charged 
are  fair  and  reasonable,  having  regard  to  industrial 
conditions  in  this  country,  and  that  the  plant  he  is 
purchasing  will  be  at  least  equal  in  design  and  perform- 
ance to  the  best  that  can  be  obtained  abroad. 
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Much  of  the  labour  unrest  in  pre-war  days  was  due 
to  the  absence  of  machinery  for  adjusting  and  setthng 
differences  before  they  became  acute. 

We  have  that  machinery'  now  in  the  form  of  Whitley 
Councils,  and  a  National  Industrial  Council  for  the 
electricity  supply  industry,  presided  over  by  our  Senior 
Vice-Chairman,  Alderman  Walker,  has  been  at  work 
for  some  time  past.  The  first  District  Council  for  the 
same  industry  has  also  been  set  up  in  the  North- 
western Centre. 

We  have  also  to  consider  a  scheme  of  specialized 
training  for  our  technical  staffs.  At  present  a  man 
who  is  qualified  in  one  direction  rarely  possesses  the 
all-round  training  necessary  to  secure  a  responsible 
position  in  a  power  station  or  on  a  transmission  system. 
A  Sub-Committee  of  this  Centre  has  been  recently 
formed  with  the  object  of  bringing  together  the  technical 
college    authorities,    manufacturers,    and  power  station 


engineers,  with  a  \dew  to  providing  a  specialized  training 
— technical  and  practical — for  the  young  engineers  in-- 
tending  to  follow  power  station  work. 

The  new  Boards  and  the  supply  authorities  must 
remember,  however,  that  if  the  right  kind  of  men  are  to. 
be  attracted,  the  salaries  paid  must  be  adequate  fos 
the  training  they  have  received  and  the  responsibilities 
they  have  to  undertake. 

The  \ital  need  of  to-day  of  the  electrical  industry  is 
co-operation  between  all  the  various  sections  and  interests. 
If  supply  authorities,  engineers,  manufacturers,  technical 
staffs  and  labour  will  realize  that  the  wisest  form  of 
self-interest  is  to  work  for  the  welfare  of  the  whole  body; 
the  electrical  industry  will  be  able  to  take  advantage 
of  the  greatest  opportunity  in  its  history,  and  to  assist 
in  reconstructing  the  industry  of  this  great  Empire, 
which  never  needed  the  best  work  of  all  her  sons  so 
much  as  she  does  to-day. 


SOUTH   MIDLAND   CENTRE  :     CHAIRMAN'S   ADDRESS 

By  C.  C.  Garrard,  Ph.D.,  'Member. 

{Abstract  of  Address  delivered  at  Birmin&k.^m,   19  November,   1919.) 

ENGINEERING    IDEALS. 


Before  beginning  my  address  this  evening  I  should 
like  to  thank  the  members  very  sincerely  for  the  honour 
they  have  done  me  in  electing  me  to  be  their  chairman, 
which  honour  I  would  assure  them  I  much  appreciate. 

The  Work  of  the  Institution  in  Relation  to 
ITS   Members. 

The  Institution  has  passed,  in  recent  years,  tlirough 
very  trying  times,  but  has  emerged  from  them  rejuven- 
ated and  strengthened  and  readv  for  the  great  work 
which  lies  in  front  of  it. 

In  the  past  the  Territorial  Centres,  then  known  as 
Local  Sections,  unfortunately,  due  to  their  constitution, 
had  but  a  restricted  scope  in  which  they  could  exert 
themselves  in  the  work  of  the  Institution.  Owing, 
it  may  be  said,  largely  to  the  efforts  of  this  Centre 
this  state  of  affairs  has  been  changed.  It  therefore 
behoves  the  Territorial  Centres  to  justify,  by  their 
work,  the  confidence  which  the  Institution  has  reposed 
in  them,  and  it  is  to  be  hoped  that  the  South  Midland 
Centre  will  take  the  lead  in  this  movement. 

Among  the  matters  calling  for  urgent  attention  on 
our  part  is  the  resuscitation  of  the  Students'  Section 
and  the  formation  of  Sub-Centres  at  Leicester,  Stafford 
and  Rugby. 

It  is  gratifying  to  be  able  to  record  a  decline  in  the 
feeling  of  antagonism  to  the  Institution  which  forrrierly 


existed  in  some  quarters.  It  is  of  the  very  greatest, 
importance  that  all  electrical  engineers  who  1;ake  a 
pride  in  their  profession  should  support  the  Institution. 
Most  engineers  will  agree  that  the  profession  of 
engineering  does  not  leave  a  man  much  time  for  specula- 
tion upon  the  general  fitness  of  things.  This  mental 
concentration  upon  scientific  and  technical  affairs, 
which  is  a  characteristic  of  the  engineer,  has  its  advantages 
and  disadvantages.  While  few  joys  can  compare 
with  the  exhilaration  produced  by  the  sense  of  success- 
ful accornplishment  of  a  difficult  engineering,  problem, 
nevertheless  the  engineer  feels  at  times  that  thg  injunc- 
tion that  virtue  is  its  own  reward  has  had  too  Uteral 
an  application  to  his  own  profession.  In  other  words, 
it  too  often  happens  that  the  labour  and  application 
necessary  for  engineering  work  fall  upon  his  shoulders 
while  the  material  reward,  which  is  the  direct  result 
of  his  work,  goes  elsewhere.  And  it  is  easy  to  see  why 
tliis  is  so.  Absorbed,  as  he  necessarily  must  be,  in  his 
work,  the  engineer's  whole  mind  is  given  to  the  actual 
matter  in  hand,  to  making  the  machine  work,  to  design- 
ing and  constructing  the  apparatus  and  the  hke.  By 
the  nature  of  things,  therefore,  if  the  engineer  be  unaided.' 
by  any  organization  to  protect  his  interests,  when,  he, 
almost  of  necessity  must  neglect  them  himself,  hei.s.. 
bound  to  suffer.  Now  it  must  be  confessed  that  engi-. 
neers  have  sometimes  themselves  condoned  this  unsatis- 
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factory  state  of  affairs  by  accepting  a  degraded  ideal 
of  the  work  of  an  engineer.  It  is  impossible  to  take 
a  profit-making  test  as  the  sole  criterion  of  engineering 
accomplishment  ;  in  fact  it  is  just  as  impossible  as  it 
is  in  the  domain  of  Art.  As  the'  world  is  constructed 
at  present,  it  is  generally  possible  to  make  more  mone}- 
by  buying  and  selling  bad  pictures  than  by  painting 
good  ones,  and  the  self-advertising  writer  of  trash 
makes  a  fortune  while  many  a  conscientious  author 
has  a  job  to  make  both  ends  meet.  While,  however, 
we  have  to  recognize  the  facts  there  is  no  need  to 
acquiesce  in  them.  Rather  should  it  be  the  object  of 
all  organized  bodies  of  engineers  to  protest  against 
them  and  to  endeavour  to  bring  about  a  more  just 
state  of  affairs.  In  other  words,  one  of  the  prime 
objects  of  an  Institution  such  as  ours  is  to  set  up  a 
true  criterion  of  engineering  work  and  to  see  to  it  that 
the  reward  of  the  engineer  is  in  conformity  with  this 
rather  than  with  the  fortuitous  and  accidental  com- 
mercial standards  at  present  in  vogue. 

I  have  sometimes  heard  discussions  take  place  as 
regards  the  comparative  worldly  prospects  of  the  engineer 
and  the  man  who  follows  a  purely  business  career,  it 
being  stated  that  there  is  more  chance  of  making  money 
in  the  latter  vocation  than  in  the  former.  It  is,  of  course, 
somewhat  difficult  to  reason  with  people  who  use  such 
arguments.  A  certain  unity  of  fundamental  principles 
is  necessary  for  all  profitable  discussion.  Such  people 
do  not  understand  that  one  of  the  most  prized  posses- 
sions of  an  engineer  is  the  tradition  of  engineering 
acliievemeat.  This  tradition  must  be  in  the  safe 
keeping  of  an  organization,  and  it  is  from  this  point 
of  view  that  we  must  value  the  Institution,  the  members 
of  wliich  regard  the  approbation  of  their  fellow  members, 
in  engineering  matters,  as  of  equal,  or  of  greater  value 
to  them  than  the  more  or  less  accidental  commercial 
success  with  which  they  may  be  attended. 

While  the  prime  function  therefore  of  the  Institution 
is  the  guardianship  of  the  standard  of  electrical  engineer- 
ing accomplishment,  it  must  not  be  forgotten  that 
engineers  must  live  by  the  exercise  of  their  calUng. 
The  Institution  must  therefore  act  as  a  support  for 
them  in  the  assertion  of  the  high  status  of  their  pro- 
fession, and  we  must  all  rejoice  to  see  that  in  recent 
years  the  Institution  has  become  aUve  to  its  responsibility 
in  this  respect.  Very  much  more,  however,  is  necessary 
to  be  done  in  this  direction. 

Another  aspect  from  which  the  value  of  the  Institution 
can  be  appreciated  is  that  it  develops  a  broad-minded 
outlook  in  the  attitude  of  its  members  to  engineering 
in  general.  This  is  a  day  of  specialization  and  each 
one  of  us  must,  of  necessity,  especially  cultivate  some 
particular  corner  of  the  vast  field  of  engineering.  There 
is  danger  in  this  of  acquiring  a  narrow-minded  point  of 
view.  I  have  sometimes  been  told  by  members  of  the 
Institution  that  they  never,  or  rarely,  come  to  its 
meetings  because  the  papers  deal  with  subjects  not 
immediately  concerned  with  their  special  everyday 
work.  Such  an  attitude  is  deplorable.  One  has  only 
to  make  a  very  casual  examination  of  the  lives  of  great 
engineers  to  find  that  they  are  always  very  extended 
and  general  in  their  outlook.  A  wide  view  of  things 
is  also  necessary  if  one  is  to  retain  the  elasticity  of 


mind  which  is  essential  to  carry  out  any  mental  work 
with  efficiency.  It  is  also  surprising  to  find  what  hints 
and  help  one  can  obtain  in  one's  own  particular  branch 
of  work  by  a  study  of  engineering  applied  in  other 
directions.  It  must  be  admitted  that  there  is  a  great 
danger  on  the  part  of  engineers  to  adopt  narrow  views 
not  only  as  regards  their  own  profession  but  as  regards 
the  world  generally.  Tliis  is  one  of  the  reasons  why 
the  so-called  "  man  of  business  "  often  scores  a  seeming 
success  over  the  engineer. 

Voices  have  not  been  lacking  in  recent  years  warning 
engineers  that  it  is  necessary  for  them,  for  example, 
to  take  a  greater  interest  in  municipal  and  national 
government  and  to  reject  the  contemptuous  attitude 
many  of  them  adopt  as  regards  such  matters. 

The  question  is  sometimes  asked  :  "  What  benefit 
do  I  obtain  by  becoming  a  member  of  the  Institution  ? 
But  this  shows  tlie  questioner's  ignorance  of  the  point 
at  issue.  The  question  should  be  rather  :  "  In  what 
manner  would  my  membership  enable  me  to  help  forward 
the  cause  of  electrical  engineering  ?  "  It  must  be 
remembered  that  the  Institution  is  not  a  club,  although 
it  provides  an  excellent  means  for  becoming  acquainted 
with  brother  engineers,  but  it  is  a  national  Institution. 
The  greatness  of  a  national  Institution,  and  ultimately 
the  benefit  accruing  to  the  individual  members,  are 
measured  by  the  work  it  does  in  the  national  interest. 
It  might,  I  suggest,  be  profitable  if  we  could  for  a  few 
moments  to-night  consider  the  work  of  the  Institution 
from  this  point  of  view  and,  in  particular,  I  should 
like  to  direct  attention  to  three  special  aspects  of  this 
question,  as  follows  : — 

(i)  The  national  importance  of  bringing  to  bear 
the  engineer's  knowledge  and  training  in  the 
executive  control  of  affairs. 

(2)  The   permeation   of  industry   and   commerce   by 

the  scientific  method. 

(3)  The  promotion  of  standardization  as  regards  both 

products  and  performance. 

The    Engineer    and    the    Control    of    Industry. 

Dealing  with  the  first  of  my  headings,  there  is  no 
doubt  that  we  are  at  the  present  moment  face  to  face 
with  a  fundamental  change  in  the  relationships  between 
the  State  and  industry.  Whether  we  like  it  or  not 
the  State  will  in  future  take  a  very  active  part  in  the 
control   and   running   of   trade   and   manufacture. 

The  great  industrial  problem  to-day  is  the  increase 
of  output.  To  a  large  extent  the  old  ingrained  habit 
of  hard  working  has  been  destroyed  by  the  war.  More- 
over, it  would  seem  that  the  stimulus  which  hitherto 
induced  the  workman  to  put  forth  his  best  efforts  has 
lost  its  power  and  a  new  one  must  be  found.  Now  if 
the  State  approaches  its  new  tasks  in  its  old  spirit 
we  have  nothing  in  front  of  us  but  stagnation  or  decline. 
The  tradition  of  the  Civil  Service,  which  has  in  the  past 
carried  on  the  business  of  government,  has  been  that  of 
administration,  and  in  the  production  of  mere  adminis- 
trators there  is  no  doubt  it  has  been  very  successful. 
Lord  Haldane  recently  expressed  the  opinion  that  the 
Civil,  Service  could  administer  any  organization  in 
the  world  whatsoever. 
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For  industrial  progress,  however,  sometliing  more 
tlian  mere  administration  is  necessary,  and  that  is 
creative  efiort.  Herein  lies  the  function  of  the  engineer, 
who  is  above  all  things  a  creator.-  Now,  it  may  be 
argued,  one  could  still  go  on  under  the  old  scheme 
with  the  administrator  in  charge  and  the  engineer 
called  in  from  time  to  time  as  a  hired  man,  something 
like  the  man  who  comes  to  tune  the  piano,  to  do  the 
creation  when  it  is  thought  to  be  necessary.  This 
same  idea  has  been  the  curse  of  British  industry  in  the 
past  and  it  certainly  will  not  do  in  the  future.  Even 
the  workman,  and  according  to  Lord  Robert  Cecil 
rightly  so,  is  demanding  that  his  status  shall  be  raised 
from  that  of  an  employee  to  that  of  a  partner.  If  the 
engineer  is  to  perform  his  function  properly  in  the  new 
society  which  we  see  arising  around  us,  he  must  assume 
responsibility,  as  it  is  only  this  sense  of  responsibiUty 
which  will  stimulate  his  brains  to  do  the  work  that  is 
required  of  him. 

As  members  of  the  Institution  we  must  insist  that 
the  Institution  adopts  this  attitude  and  is  ready  at  all 
times  to  maintain  it. 

As  an  illustration  of  the  kind  of  action  that  can  be 
taken  I  carmot  do  better  than  read  a  letter  addressed 
by  the  Chairman  of  the  Engineering  Council  of  America 
to  President  Wilson,  urging  the  appointment  of  an 
engineer  on  the  Intsrstate  Commerce  Commission, 
as  follows  : — 

"  The  President, 

The  White  House, 

Washington,  D.C. 

Sir, 

The  transportation  systems  of  our  country 
are  largely  the  creations  of  its  professional  engineers. 
This  statement  can  be  made  without  disparagement 
to  the  statemen,  the  financiers,  the  manufacturers, 
the  lawyers,  the  educators,  the  mechanics,  the  labourers 
and  many  others,  who,  with  the  engineers,  have  contri- 
buted to  the  development  of  transportation.  Through 
all  stages  of  prehminarj-  exploration,  final  surv-ey, 
construction,  upkeep,  and  operation,  in  financial 
management,  and  in  adjustment  of  the  relations  of 
transportation  to  the  public,  the  genius  and  knowledge 
of  the  engineer  are  essential.  Not  only  in  technical 
physical  matters,  but  also  in  determinations  of  policy, 
his  contributions  have  supplemented  and  must  ever 
supplement  those  of  other  men.  These  declarations 
hold  good  for  all  the  carriers  of  commerce,  by  rail, 
by  highway,  by  water,  by  pipe-line,  by  wire,  or  by  air. 
Hence,  it  follows  that  the  body  established  by  the  Govern- 
ment to  regulate  the  commerce,  the  carriers  and  the 
ways  of  communication,  embracing  so  many  engineering 
features,  should  number  among  its  nine  members, 
men  of  engineering  training  and  experience. 

Engineering  Council,  being  aware  of  a  vacancy  on 
the  Interstate  Commerce  Commission,  begs  leave  to 
request  the  Chief  Executive  that  in  filling  this  vacancy, 
he  give  earnest  thought  to  the  selection  of  a  man  who, 
to  his  other  qualifications,  adds  the  training  and  ex- 
perience of  an  engineer  familiar  with  transportation 
problems. 

Engineer  members  wisely  chosen  would  bring  to  the 


investigations  and  deUberations  of  the  Interstate 
Commerce  Commission  not  only  technical  knowledge 
of  great  value,  but  also  experience  in  executive  duties, 
a  judicial  attitude  gained  through  the  direction  of  work 
under  contracts,  minds  of  analytical  habits,  famiUarity 
with  costs  of  construction  and  operation,  experience 
in  dealing  with  employees  of  many  vocations,  and 
integrity  of  thought  cultivated  by  that  inescapable 
obedience  to  the  laws  of  Nature  involved  in  the  practice 
of  this  profession.  The  engineer's  training  fits  him 
for  that  mode  of  thinking  which  is  indispensable  to 
impartiality  of  judgment.  One  important  function 
of  the  Commission  is  valuation  of  public  utiUties  and 
another  is  the  determination  of  relationships  and 
responsibilities  of  the  management  of  such  utihties  to 
the  public.  No  other  body  of  men  has  given  so  extensive 
and  so  scientific  consideration  to  these  matters  as 
have   members   of   the'  engineering   profession. 

Council's  purpose  is  not  to  further  the  interests  of 
any  individual  or  group,  but  solely  to  serve  the  nation 
by'  strengthening  one  of  its  most  important  regulatory 
bodies.  Upon  the  wisdom,  intelligence  and  courage 
of  this  Commission  depends  in  large  measure  the 
commercial  welfare  of  the  country.  It  is  beheved  that 
the  engineering  profession  can  and  should  contribute 
to  the  country's  well-being  through  the  channel  of 
membership  in  the  Interstate  Commerce  Commission. 
Ver^   respectfully, 

J.    P.\RKE   Channing, 

Chairman." 

No  words  of  mine  could  express  the  ideas  better  that 
I  wish  to  bring  before  the  members  to-night  than 
those  contained  in  this  letter. 

Scientific  Costing. 

Turning  now  to  the  second  of  my  headings,  the 
permeation  of  industry  and  commerce  by  the  scientific 
method,  I  am  afraid  I  would  weary  the  members  if 
I  were  to  attempt  to  deal  at  all  exhaustively  with  such 
a  subject.     I  will  therefore  speak  on  one  point  only. 

Now  the  basis  of  the  method  indicated  is  accurate 
measurement.  The  scientific  investigator  always 
proceeds  along  the  path  of  careful  measurement  and 
comparison .  In  applying  scientific  methods  to  commerce 
and  industry  we  do  e.xactly  the  same  :  by  means  of 
statistics  and  accurate  costing  we  obtain  figures  of 
absolute  and  relative  efficiency  and  the  data  necessary 
for  correct  judgment.  It  is  sometimes  thought  that 
cost-keeping  is  a  mere  matter  of  accountancy  ;  but 
this  is  not  so.  The  actual  figures  may  be  extended  and 
added  up  by  accountants,  but  the  use  and  application 
of  the  costing  in  the  engineering  industry  are  matters 
for  the  engineer  :  they  really  constitute  a  chart  record- 
ing efficiency  meter.  It  is  to  be  regretted  that  engineers 
have  not  given  the  subject  of  costing,  as  appUed  to 
engmeering  manufacturing,  the  attention  it  deserves. 
Costing  as  applied  to  the  electrical  supply  mdustry 
is,  of  course,  recognized  as  providing  the  ultimate 
test  of  the  working  of  a  supply  station,  which  is  judged 
finally  upon  the  cost  per  unit  generated.  When,  we 
consider  a  manufacturing  works,  on  the  other  hand, 
no  such  simple  test  can  be  applied.     In  the  past,  however. 
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competition  has  provided  an  alternative  one.  The 
costs  have  eventually  affected  the  selUng  price,  and 
that  factory  which  could  not  sell  cheaplv  had  to  close 
down.  With  the  development  of  industry  at  the 
present  day  this  kind  of  check  is  failing.  Industry 
is  becoming  more  and  more  organized  and  price  com- 
petition between  the  different  factories  less  effective. 
It  is  conceivable  that  a  works,  forming  part  of  a  large 
combination,  could  go  on  for  vears  working  in  a  most 


the  question  as  a  means  of  suppressing  the  inefficient 
ones.  In  an  interesting  lecture,  delivered  to  the 
London  School  of  Economics  by  Mr.  M.  Webster 
Jenkinson,  it  was  shown  how  costing  took  the  place 
of  competition.  It,  in  fact,  set  up  another  kind  of 
competition.  In  the  lecturer's  words  "  a  friendly 
rivalry  "  was  created  between  the  various  factory 
managers,  the  low  costs  obtained  by  the  one  being 
aimed    at   bv   the   others. 
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•  Whenever  the  term  "cost"  is  used  herein,  it  is  intended  to  include  all  sales  and  administration  expenses, 
t  Depreciation  and  indirect  expense  should  be  consolidated  for  absorption  into  shop  cost. 

Fig.    I. — Standardized    Accounting    and   Cost    System    for   Electrical   Manufacturing    Industry. 


inef&cient  manner  because  it  is  protected  from  the 
crude,  but  efiective,  test  of  competition.  With  the 
organization  of  industry,  therefore,  and  the  limitation 
of  competition,  both,  it  may  be  said  inevitable  and 
beneficial  tendencies,  the  development  of  scientific 
costing  must  go  hand  in  hand. 

The  benefits  of  costing  w-ere  shown  to  great  advantage 
in  the  national  factories  erected  by  the  Government 
during  the  war.     With  these,  competition   was  out  of 


A  similar  cost  competition  will  in  the  future  replace 
the  hitherto  obtaining  price  competition  in  more  aiii 
more  branches  of  the  engineering  industry.  In  order 
that  this  may  be  effective,  however,  two  things  are 
necessary  : — ■ 

(i)   The  details  of  costs  will  require  to  be  published 

and  publicly  discussed. 
(2)   The  cost  keeping  at  the  various  factories  mv.st 
be  conducted  according  to  a  common  principle. 
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As  regards  the  first  condition  the  engineermg  industry 
is  hardly  in  a  condition  at  present  to  agree  to  it.  Never- 
theless there  is  no  doubt  that  much  greater  publicity 
as  regards  such  matters  will  be  usual  in  the  future. 
Indirectly  such  pubUcity  would  have  a  very  good  effect 
in  showing  everybody-  where  the  main  items  of  cost 
are  incurred.  It  might  do  something  to  help  dissipate 
the  erroneous  notion,  still  industriously  propagated, 
that  manufacturing  is  a  system  wherebj-  the  workman 
is  robbed  of  the  greater  part  of  the  product  of  his  labour. 
It  is  in  this  way,  there  can  be  no  doubt,  that  a  good 
deal  of  the  industrial  unrest  at  present  handicapping 
trade  can  be  removed.  Every  manufacturer  has  got 
to  face  the  demand  of  labour  for  a  voice  in  the  control 
and  direction  of  industry.  If  this  demand  is  answered 
by  a  simple  negative,  I  am  afraid  disaster  will  result. 
The  only  safe  road  is  to  work  incessantlj-  for  a  true 
co-operation  between  labour,  capital  and  management, 
and  a  necessary  preliminary  step  is  to  place  upon  the 
table  the  true  economic  facts  governing  the  situation. 
Certain  trades  already  have  taken  steps  in  the  direction 
indicated.  According  to  Mr.  Edward  Elbourne  the 
frank  discussion  of  costs  with  labour  in  the  Pottery 
Trade  Industrial  Council  "  promises  a  new-  era  of  pros- 
perity for  w-hat  was  one  of  the  worst  organized  and 
worst  paid  trades  in  the  country." 

The  second  condition  mentioned  is  necessarj-  as  it 
would  be  useless  comparing  costs  in  various  factories 
if  these  are  not  obtained  by  the  application  of  a  common 
principle. 

The  St.\ndardiz.\tion  of  Methods  of  Costing. 

A  considerable  amount  of  work  has  been  done  in  the 
I"nited  States  with  the  object  of  securing  such  uniformity 
in  cost-keeping  methods  among  electrical  manufacturers. 
The  Federal  Trade  Commission  of  Washington  took 
the  lead  in  July  igi6  by  issuing  a  pamphlet  on  "  The 
Fundamentals  of  a  Cost   Svstem  for  Manufacturers." 

About  the  same  time  a  committee  was  set  up  repre- 
senting the  American  electrical  manufacturing  industry 
in  order  to  evolve  a  standardized  system  of  accountancy 
and  costs  w-hich  would  be  applicable  to  both  the  large 
and  small  firms.  This  committee's  report  has  been 
approved  in  1917  by  the  Federal  Trade  Commission 
and  is  being  carried  into  effect  by  a  large  number  of 
American  firms.  Fig.  i  illustrates  the  scheme  which 
has  been  adopted.  One  important  point  has,  I  think, 
been  omitted  in  this  proposal  and  that  is  the  inclusion 
of  interest  on  capital  as  an  item  of  cost.  In  mj-  opinion 
this  should  be  arranged  for,  which  would  leave  profit 
as  an  additional  return  or  dividend.  The  standard 
percentage  of  interest  on  capital  would  have  to  vary 
from  trade  to  trade,  and  in  fixing  it  the  hazard  or 
risk  of  loss  in  the  business  would  have  to  be  taken  into 
account.  The  advantages  that  this  action  would  have 
in  enabling  reliable  statistics  and  data  to  be  prepared 
applicable  to  the  whole  of  the  industry  are  apparent.  We 
have  to  recognize  that  the  days  of  pure  individualism  are 
over,  and  that  progress  in  the  future  will  depend  more 
and  more  upon  co-operative  effort.  The  standardiza- 
tion of  accounting  and  costing  would,  I  am  convinced, 
help  forward  this  ideal  in  no  small  measure,  and  for 
this  reason  I  have  drawn  attention  to  the  matter  in 


this  Address.     It  may  be  added  that  steps  along  the 

lines  indicated  have  been  taken  already  in  this  country 
in  the  printing  and  pottery  trades. 

The  Promotion   of   Engineerikg  Standardization. 

It  is  now  universally  recognized  that  a  great  extension 
of  the  idea  and  practice  of  standardization  is  necessary 
if  the  problems  in  front  of  the  engineering  trade  and 
profession  are  to  be  solved.  This  has  been,  there  can 
be  little  doubt,  recognized  by  our  late  enemies.  During 
the  war  a  body  known  as  the  "  Deutsche  Industrie 
Norm  "  was  formed  in  German}-  to  advise  in  the  matter 
of  uniformity  of  pattern  and  method  of  manufacture 
as  regards  the  whole  industry  of  the  country.  A 
special  journal  was  issued,  and  these  activities  are, 
I  understand,  continuing  at  the  present  time.  In 
other  countries  also  a  similar  movement  is  taking  place. 
Hitherto,  in  this  country,  the  idea  of  standardization 
has,  to  too  great  an  extent,  been  confined  to  settling 
upon  agreed  dimensions  of  parts  and  the  like.  Standard- 
ization, however,  properly  understood,  covers  a  much 
%vider  field  including  the  standardization  of  methods 
of  manufacture  and  the  fixing  of  standards  of  quality 
and  performance.  In  such  work  our  Institution  should 
take  a  leading  part,  and  in  this  connection  some  remarks 
made  by  General  WilUam  H.  Bixby  in  his  presidential 
address  to  the  American  Society  for  Testing  ^Materials 
on  25th  June,  1917,*  are  interesting. 

These  were  as  follows  : — 

"  The  discussions  of  engineering  questions  and  their 
conversion  into  formulae,  specifications,  or  other  stand- 
ards, through  the  work  of  committees,  are  becoming  to- 
day more  and  more  the  most  important  features  of 
engineering  societies.  In  short,  the  engineering  society 
of  to-day  which  is  the  most  important  and  most  useful 
and  most  valuable  to  everybody  concerned,  is  the 
one  which  gives  the  most  beneficial  results  to  the 
general  public  rather  than  to  the  individual  members." 

These  remarks  of  General  Bixby  will,  I  am  sure,  be 
agreed  to  by  all  members  of  this  Institution  and  I 
should  like  to  direct  their  attention  specially  to  the 
first  part  of  the  quotation  as  I  consider  it  indicates 
a  path  along  which  the  Territorial  Centres  can  exercise 
an  increasing  usefulness.  The  Institution  has,  in 
collaboration  v\dth  the  other  engineering  societies,  set 
up  the  Engineering  Standards  Association  as  the 
authority  for  engineering  standardization  in  this  country. 
It  would  be  a  mistake,  however,  to  leave  everything  to 
the  Association.  The  spade  work,  and  especially  the 
propaganda,  must  to  a  large  extent  be  done  outside 
it.  The  necessity  of  this  becomes  more  apparent  if 
the  question  be  regarded  from  the  w'ide  point  of  \^ew 
as  is  done  by  General  Bixby. 

It  might  be  as  well  here  to  consider  for  a  moment 
the  idea,  still  very  common,  that  standardization  retards 
progress.  This  fallacy  was  dealt  with  ver\-  effectively 
bv  a  writer  recently  as  follows  ■;  : — 

""Standards  do  not  restrain  improvement.  On 
the  contrary,  if  rightly  understood,  they  promote  im- 
provement.' In  any  well  ordered  works  improvement 
becomes  a  specialized  branch  distinct  from  manufacture. 

•  Proceedings  of  the  American  Society  for  Testing  Materials.  191S,  vol.  18. 
t  .^fred  Herbert,  Ltd.,  Monthly  Review,  Oct.,  Nov.,  Dec,  1918. 
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Special  attention  is  given,  by  a  special  man  or  staff, 
to  alteration  of  design  and  to  complaints  and  suggestions 
from  users.  If  the  design  is  full  of  diversity  there  is 
no  basis  for  improvement.  As  soon  as  it  is  standardized 
it  becomes  possible  to  localize  faults.  Some  article 
turns  out  in  use  to  be  too  weak  or  too  long  or  too  small 
in  diameter.  If  the  article  was  made  in  a  diversity  of 
strengths  and  sizes  and  quality  of  material,  there  is  no 
telling  whether  or  how  it  should  be  altered.  Perhaps 
the  complainant  was  merely  unlucky  in  getting  a 
short  one  or  a  weak  one.  As  soon  as  it  is  proposed  to 
set  standards  the  designers  are  put  on  their  mettle  to 
find  the  right  properties.  If  experience  shows  that 
their  first  efforts  are  in  error  they  amend  the  standard. 
If  the  amendments  are  too  frequent  an  investigation 
will  probably  take  place  to  see  whether  such  amend- 
ments were  really  justified  by  new  circumstances,  or 
were  due  to  lack  of  care  or  skill  in  the  earlier  changes. 
Thus  an  incentive  and  an  absolute  premium  are  put  on 
improvement." 


America,  formed  the  American  Engineering  Standards 
Association  which,  it  is  intended  in  future,  shall  be  the 
ultimate  American  authority  on  engineering  standardi- 
zation. The  Materials  Society,  however,  will  continue 
its  special  work  subject  to  the  ultimate  control  of  the 
Engineering  Standards  Association.  The  work  of  the 
Society  for  Testing  Materials  is  of  the  utmost  value.  In 
particular  its  constitution,  widely  extended  membership 
and  practice  of  holding  meetings  for  discussions,  are 
particularly  helpful  in  arriving  at,  and  in  the  dis- 
cussion of,  the  standards  which  the  Society  is  re- 
sponsible   for. 

As  an  instance  of  the  need  for  standardization  of 
materials  I  would  instance  the  case  of  brass.  Birming- 
ham is  the  centre  of  the  brass  trade  of  the  world,  and 
yet  as  far  as  I  am  aware  there  is  no  authoritative 
definition  in  this  country  as  to  what  brass  actually  is. 

As  illustrating  the  work  of  the  American  Society 
for  Testing  Materials  it  may  be  pointed  out  that  in  1919 
it    issued   standard    specifications    for   cartridge   brass. 


A.S.T.M.  Proposed  Specification  for  Brass  Ingot  Metal  for  Sand  Castings. 


AJloy 

Grade 

Number 

Copper, 
per  cent 

Tin. 
per  cent 

8 
5 
4 
3 
2 
1* 

Lead, 
per  cent 

7-   „                         Iron, 
percent               «--- 

Antimony, 

Maximum. 

per  cent 

Aluminium, 
per  cent 

Sulphur, 

Maximum, 

per  cent 

I 
2 

3 
4 
5 
6 

7 

86 
85 
83 
77 
76 

65 
60 

3* 
5 
6 
10 
6 
2 
3 

3 
5 
7 
10 
16 
33 
37 

025 
0-35 
035 
040 
040 
050 
I  00 

025 
025 
025 

0-35 
025 

0-20 
020 

None 
None 
None 
None 
None 
None 
None 

005 

oog 
0  og 
oog 
oog 
oog 
oog 

■  Maximum. 

Fig.    z. 


Few  people  realize  the  great  amount  of  work  entailed 
when  a  panel  or  committee  sets  out  to  standardize 
quite  a  simple  article.  To  attain  success  its  members  , 
must  be  inspired  by  a  veritable  passion  for  the  work. 
Cases  are  not  unknown,  however,  where  people  have 
got  themselves  elected  on  such  standardizing  com- 
mittees more  with  the  object  of  hindering  standardiza- 
tion than  of  promoting  it.  Such  members  have  to  be 
treated  with  a  firm  hand. 

It  is  a  mistake  in  standardization  work  to  attempt 
to  attain  absolute  perfection  at  the  first  trial.  This 
results  in  very  lengthy  delays  occurring  in  the  issue 
of  specifications.  The  method  adopted  by  the  American 
Society  for  Testing  Materials  of  issuing  tentative  speci- 
fications has  much  to  commend  it.  \\lien  issued  in 
this  way  they  are  immediately  subjected  to  practical 
tests  and  criticisms  and  any  weaknesses  are  soon  found 
out,  or  improvements  suggested  ;  thus  much  more 
rapid  progress  can  be  made. 

The  standardization  of  the  quality  and  testing  of 
materials  could  be  considerably  extended  with  advantage 
in  this  country.  In  the  United  States  this  has  been 
the  special  province  liitherto  of  the  American  Society 
for  Testing  Materials.  This  Society  has  now,  in  con- 
junction   with    the    other    engineering    Institutions    of 


cartridge  brass  discs,  naval  brass  rods  for  structural 
purposes,  and  standard  methods  for  the  chemical 
analysis  of  manganese  bronze  and  the  chemical  analysis 
of  gunmetal.  Recently,  moreover,  a  complete  range 
of  standard  mixings  for  brass  castings  has  been  issued 
which  sliould  prove  of   tiie   utmost  value  (see    Fig.  2). 

Standards  of  Quality  and  Performance. 

In  the  past  the  standard  of  quality  and  performance 
has  mainly  been  a  matter  of  tradition.  Standards 
of  workmanship,  for  example,  have  been  handed  down 
from  workshop  to  workshop.  The  method  whereby 
tliis  kind  of  thing  can  be  put  upon  a  sound  basis,  however, 
is  illustrated  in  B.E.S.A.  Specification  No.  2g  on  "  Errors 
in  Workmanship."  The  necessity  for  fixing  a  standard 
of  quality  and  performance  is  shown  by  the  war  which, 
by  its  disorganization  and  destruction,  has  appreciably 
lowered  the  standard  of  many  industries  and  has  provided 
a  possibiUty  of  a  permanent  loss  in  some  instances  of 
the  former  high  standard  altogether. 

Many  of  the  Bulletins  issued  by  the  American  Bureau 
of  Standards  are  excellent  e.vamples  of  the  standardi- 
zation of  performance. 

Almost  the  onlv  similar  things  with  us  are  the  Institu- 
tion   Wiring    Rules    and    the    Factory    and    Workshop 
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and  Mining  Regulations.  There  is  a  vast  field  of  work 
for  us  to  cover  in  the  extension  of  these.  In  practically 
all  branches  of  engineering  we  still  rely  to  a  very  large 
extent  upon  personal  opinions  and  judgments  as  to 
what  constitutes  a  good  job  or  vice  versa.  "  A  good 
engineering  job,"  however,  is  as  capable  of  being  as 
accurately  defined  as,  for  example,  the  temperature 
rise  of  a  dynamo,  and  it  should  be  one  of  the  main 
objects  of  Institutions  such  as  ours  to  discuss  such 
standards  with  a  view  to  the  levelling  up  and  fixing 
of  the  same. 

It  is  intended  during  the  forthcoming  session  to  have 
a  discussion  one  evenmg  on  some  of  the  specifications 
issued  by  the  B.E.S.A.  This,  in  my  judgment,  should 
be  a  permanent  feature  in  all  future  sessions  so  that 
the  specifications  as  they  are  issued  should  come  up 
automatically  for  discussion  by  the  members. 

I  should  like  to  add  that  it  seems  to  me  that  this 
matter  is  of  such  importance  that  a  special  committee 
should  be  set  up  by  the  Council  to  deal  with  the  same. 
At  present  we  have  the  following  five  Sectional 
Committees  for  Electric  Traction,  Electricity  in  Mines, 
Electro-Chemistry,  Lighting  and  Power,  and  Telegraphs 
and  Telephones.  These  committees  investigate  progress 
in  the  subjects  assigned  to  them,  and  take  such  steps 
that  the  Institution  has  brought  before  it  particulars 
of  all  new  developments. 


Using  a  military  simile  they  perform  the  function 
of  the  advance  guard  of  an  army.  The  committee 
I  suggest,  however,  would  be  concerned  with  the 
consoHdation  of  the  position  from  time  to  time,  in 
fact  would  carry  out  the  work  described  above  by 
General  Bixby. 

It  is  somewhat  difficult  to  find  a  suitable  name  for 
such  a  committee.  For  the  want  of  a  better  one  I 
suggest  "  Standardization  and  Recommended  Practice 
Committee."  Its  work  would  not  clash  at  all  with 
that  of  the  Engineering  Standards  Association,  but 
would  be  confined  to  promoting  discussions  on,  and 
recommending,  the  use  of  the  specifications  when 
issued,  and  for  the  preparatory  work  which  is  necessary 
to  be  done  to  enable  the  Standards  Asociation  eventually 
to  prepare  the  actual  specifications.  It  would  also 
serve  as  a  means  of  obtaining  collective  solutions  of 
many  problems  which  are  unsolved  at  present  because 
the  information  which  would  provide  the  solution  desired 
is  scattered,  and  therefore  to  a  great  extent  valueless. 

In.  conclusion  I  would  say  that  I  hope  I  may  have 
said  something  which  may  help,  more  especially  the 
younger  members,  to  set  up  for  themselves  a  high 
ideal  of  the  work  of  their  profession,  and  to  indicate 
a  few  directions  in  which  the  Institution,  to  which  we 
all  are  proud  to  belong,  may  be  moved  to  support  that 
ideal. 


THE     CALCULATION     OF     TOOTH    RELUCTANCE:    A     SUGGESTED 
IMPROVEMENT     OF     HIRD'S     METHOD. 

By  S.  Neville,  B.Sc. 

{Paper  received  27  March,   1919.) 


The  object  of  this  note  is  to  describe  a  modification 
of  Hird's  method  of  calculating  the  excitation  required 
for  the  teeth  in  electrical  machinery,  which  gives  a 
much  more  accurate  result  for  highly  tapered  or  for 
saturated  teeth,  yet  is  equally  simple  in  use. 

In  the  original  paper  *  two  methods  are  proposed. 
One  of  these  involves  no  mathematical  approximation, 
and  therefore  yields  a  perfectlv  correct  result,  in  cases 
where  radial  ventilating  ducts  are  not  employed  ;  but 
it  IS  unfortunately  too  comphcated  for  everyday  use 
and  is  not  capable  of  the  same  accuracy  when  radial 
vents  are  present. 

The  other  process,  which  is  the  one  in  more  common 
use  and  generally  known  as  Hird's  method,  is  based 
upon  the  assumption  that,  in  any  tapered  tooth,  the 
apparent  flux  density  varies  uniformly  over  the  length 
of  the  tooth.  That  this  is  never  entirely  true  can  be 
realized  from  the  fact  that  the  apparent  density  is  at 
every  section  inversely  proportional  to  the  tooth  width, 
which  itself  varies  uniformly  ;  and  the  extent  of  the 
discrepancy   can   be   seen   from   Fig.    i,   in   which  the 

•  W.  B.  HiRD :  "  The  Reluctance  of  the  Teeth  in  a  Slotted  .Armature," 
Journal  2.E.E.,  1900,  vol.  29,  p.  933. 


J  curve  marked  K=i  shows  the  actual  variation  of 
[  apparent  density  over  a  tooth  10  cm.  long,  tapering 
in  width  from  4  cm.  down  to  2  cm.  and  carrying  a 
flux  of  06  megaline  per  cm.  length  of  core.  The 
result  is  that,  for  a  highly  tapered  tooth,  the  method 
gives  much  too  high  a  value  for  the  excitation  required  ; 
and  generally  sufficient  accuracy  can  only  be  obtained 
by  di\iding  the  tooth  into  several  sections  and  treating 
each  separately. 

The  remaining  curves  of  Fig.   i,   however,  show  the 

manner  in   which  the  true  density   in  the  iron  varies 

over  the  length  of  the  tooth  for  different  values  of  K 

at  the  root  of  the  tooth,  where   K  denotes  the  ratio 

'    of  the  total  area  of  iron  and  air  to  the  net  area  of  iron 

alone.     It  will  be  noticed  at  once  that  for  all  customary 

I    values    of   this   ratio   these   curves    approximate   very 

!   fairly   to   straight   lines;     and   that   even   for    K=i-5 

and   K  =  5   (which  values  are  beyond  the  usual  range 

of  practice)  the  curves  of  true  density  are  much  more 

nearly   straight   than   are   those   of   apparent   density. 

It   will   also    be   found   that   very   similar   results   are 

I   obtained  whether   K  be  due  entirely  to  the  slots,   or 

partially  to  radial  vents. 
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It  will  therefore  be  evident  that  if  from  the  apparent 
densities  the  true  densities  at  the  two  ends  of  a  tooth 
be    first    determined,    Hird's    simpler    method    can    be 
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lower  horizontal  scale  and  the  true  density  B  on  the 
vertical  scale.  These  are  readily  deduced  from  the 
ordinary  magnetization  curve  if  a  few  points  be  calcu- 
lated from  the  expression  B'=B  +  i-2t7  (K  — i)  a '• 
The  remaining  curve  is  constructed  exactly  as  in  the 
original  method ;  namely,  by  integrating  the  magneti- 
zation curve  with  respect  to  B  as  \'ariable,  and  plotting 
the  integral  a  on  the  upper  horizontal  scale  as  a  function 
of  B  on  the  vertical  scale.* 

Then,  taking  any  two  apparent  densities  of  B,  and 
Bj,  the  corresponding  real  densities  Bi  and  B,  are 
read  off  from  the  curves  for  the  appropriate  values 
of  Ki  and  K,  ;  and,  proceeding  on  to  the  integral 
curve  with  these  same  ordinates,  the  values  of  a^  and 
aj  are  determined.  Then  the  average  excitation  per 
cm.  is  given  by  the  simple  formula 


at„ 


flj  —  a. 


"-"'"O     123456789    locm. 
Fig.   I. — Variation  of  flux  density  in  tapered  tooth. 

applied   directly   to   these   values   with   a   very   nearly 
correct  result  in  all  cases. 

A  convenient  arrangement  for  this  purpose  is  illus- 
trated in  Fig.  2.  The  curves  marked  K=i  to  4  show 
the  relation  between  the  apparent  density  B'  on  the 


Thus,  in.  the  example  quoted,  assuming  a  parallel 
slot  2  cm.  wide  and  one  10  mm.  radial  vent  per  5  cm. 
length  of  core,    the   calculated   data  are  : 

Bi  =  i5,ooo,  Ki  =  i-S8; 

B2=3o,ooo,  I\,  =  2-5o. 

Hence,  from  Fig.  2,     61  =  15,000,  ai=o-05  x  10^  ; 

Bj  =  25,ioo,  02  =  6-05x10®: 


and  therefore 


(6-05 -0-05)  106 

a  t,n=   — =594 

25,100—15,000      -^  ^ 


*  It  may  be  mentioned    that  in  the  original  method  it  is  necessarv   to 
perform  the  integration  separately  for  a  number  of  values  of  K. 


15,000 


10,000 


30,000 


35,000 


10,000'  -15,000  20,000  25,000 

Fig.  2.° — Curves  for  calculating  excitation  of  teeth.     (For  dynamo  sheet  steel  of  good  quality.) 
*  Based  upon  the  magnetization  curve  given  by  Professor  Miles  Walker  in  "The  Specification  aad  Design  of  Dynamo-Electric  Machinery,"  1915,  p.  42 
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The  value  obtained  by  calculating  the  excitation  per 
cm.  at  a  large  number  of  sections  and  averaging  graphi- 
cally is  a  /„,  =  58i,  and  this  can  be  regarded  as  fairly 
exact ;  consequently,  with  the  .proposed  method, 
there  is  no  necessity  for  di\iding  the  tooth  into  smaller 
sections. 

The  result  obtained  in   the  above  example  bv  the 


direct  application  of  Hird's  method  to  the  complete 
tooth  is  a  /„  =  823,  which  is  more  than  40  per  cent  too 
high.  By  dividing  the  tooth  into  t\vo  parts  and 
repeating  the  calculation  for  each,  the  error  could 
be  reduced  to  about  10  per  cent  ;  but  for  greater 
accuracy  still  further  subdi\-ision  and  labour  would 
be  necessar\-. 
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638th    ordinary   ilEETING,    13   NOVEMBER,    1919. 
(Held  at  the  Institution  of  Civil  Engineers.) 


Mr.  C.  H.  WoRDiXGHAM,  C.BE.,  Past  President, 
took  the  chair  at  6  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  30th 
June,  1919,  were  taken  as  read,  and  were  confirmed  and 
signed. 

A  Ust  of  candidates  for  election  and  transfer  approved 
by  the  Council  for  ballot  was  taken  as  read,  and  was 
ordered  to  be  suspended  in  the  Hall. 

The  following  donations  were  announced  as  having 
been  received,  and  the  thanks  of  the  meeting  were 
accorded  to  the  donors  : — 

Benevolent  Fund. — H.  S.  E.  Austin,  L.  Birks,  M. 
Farrer,  R.  D.  Gifford,  J.  S.  Hasdell,  Messrs.  W.  T. 
Henley's  Telegraph  Works,  Ltd.,  R.  M.  Longman, 
T.  B.  L.  Newstead,  W.  Redman,  and  The  "  Twentj-- 
Five  "  Club. 

Library. — The  Admiralty-,  D.  A.  Bremner,  The 
British  Electrical  and  Allied  Manufacturers'  Associa- 
tion, The  British  Engineers'  Association,  The  Canadian 
Government  Trade  Commissioners,  A.  A.  C.  Dickson, 
A.  B.  Eason,  Electrical  Review,  The  Engineer-in- 
Chief  of  the  G.P.O.,  E.  Garcke,  C.  C.  Hawkins,  The 
Lancashire  and  Cheshire  Coal  Research  Association, 
Lloyd's  Registn,-  of  Shipping,  Prof.  W.  MacLean,  D.Sc, 
The  Marconi  Wireless  Telegraph  Co.,  Ltd.,  J.  W.  Meares, 
The  Meteorological  Office,  The  Japanese  Ministry-  of 
Communications,  J.  D.  Morgan,  Messrs.  S.  Rentell 
R.  &  Co.,  Ltd.,  The  Royal  Aeronautical  Society,  Prof. 
Stanley,  A.  Still,  Messrs.  E.  &  F.  N.  Spon,  Ltd.,  The 
Syndics  of  the  Cambridge  University  Press,  S.  F. 
Walker,  Prof.  R.  M.  Walmsley,  D.Sc,  and  A.  P.  Young. 

The  Premiums  (see  Journal  I.E.E.,  1919,  vol.  57, 
p.  325,  and  Institution  Notes,  August  1919,  No.  13, 
p.  33)  and  Scholarships  (see  Institution  Notes,  December 
1919,  No.  16,  p.  2)  awarded  during  the  Session  1918- 
1919  were  then  presented  by  the  chairman  to  such  of 
the  recipients  as  were  present. 

The  Chairman  :  It  is  now  my  pleasant  duty  to  ask 
the  new  President,  Mr.  Roger  T.  Smith,  to  take  the  chair. 

The  chair  was  then  vacated  by  Mr.  Wordingham 
and  taken  by  Mr.   Roger  T.   Smith  amid   applause. 

Mr.  W.  ISI.  MoRDEY  :  I  am  sure  we  all  part  from 
Mr.  Wordingham  as  President  of  this  Institution  with 
great  regret.     In  the  first  place  I  should  like  to  condole 


with  our  new  President  on  ha\-ing  to  follow  one  whose 
great  abilitj^  and  tremendous  energy,'  and  acti\itv 
have  made  it  verj-  difficult  adequately  to  foUow  him 
in  the  chair.  He  has  been  President  for  two  j-ears, 
and  during  that  period  has  done  a  ver>-  great  deal — 
perhaps  I  maj-  say  more  than  any  president  we  have 
ever  had — to  increase  the  influence,  the  usefulness, 
and  the  importance  of  the  Institution.  Some  of  us, 
perhaps,  could  not  follow  him  altogether  in  some  of 
the  extensions  of  the  acti\-ities  of  the  Institution  which 
he  inaugurated  and  carried  into  effect,  but  those  of  us 
who  may  not  altogether  have  agreed  with  him  in  everj- 
respect  have  been  in  a  minoiity  and  therefore  no  doubt 
wTong.  Anj-way,  instead  of  the  Institution  now  con- 
fining itself,  as  hitherto,  mainly  to  the  more  or  less 
calm  discussion  of  engineering  and  scientific  questions, 
it  covers  a  verj'  much  larger  field  of  acti\-ities.  I  think 
I  may  saj-  that  JNIr.  Wordingham 's  record  of  work 
speaks  for  him  far  more  eloquently  than  anything  I 
can  sa\^  We  have  been  glad  to  see  him  carrying  on  the 
traditions  and  the  work  of  one  of  our  older  and  highlv 
esteemed  and  honoured  Past-Presidents,  the  late  Dr. 
John  Hopkinson,  under  whom  he  began  his  professional 
life  as  a  student  and  assistant.  Since  then  he  has 
always  occupied  positions  of  great  honour  and  respon- 
sibiUt^^  always  with  credit  to  himself  and  to  the  satis- 
faction of  those  with  whom  he  has  had  to  deal.  I 
will  not  take  up  any  more  time,  but  will  read  the  words 
of  the  formal  resolution  that  I  have  to  propose,  merely 
saying  that  in  passing  this  resolution  verv-  heartily, 
as  I  am  sure  it  will  be  passed,  we  do  so  in  no  formal 
spirit  but  with  feelings  of  gratitude  for  the  self-denj'ing 
and  arduous  work  that  IMr.  Wordingham  has  done 
as  President  of  this  Institution.  I  have  the  greatest 
pleasure  in  moving  :  "  That  the  best  thanks  of  the 
Institution  be  accorded  to  Mr.  Wordingham  for  the 
very  able  manner  in  which  he  has  filled  the  office  of 
President   during  the   past  two   years." 

Mr.  W.  B.  WooDHOUSE :  I  have  great  pleasure  in 
seconding  the  resolution  which  Mr.  Mordey  has  pro- 
posed. There  is  very  Uttle  I  need  say  with  regard  to 
Mr.  Wordingham's  tenure  of  office  as  President  ;  it 
stands  on  record  in  the  Journal,  in  the  growing 
membership  of  the  Institution,  and  in  the  wider  and 
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wider  recognition  which  the  Institution  is  receiving 
from  all  quarters.  Mr.  Wordingham's  enthusiasm 
and  energy  have  carried  the  Institiition  forward  so  much 
that  when  we  come  to  look  back  m  a  few  years'  time 
we  shall  realize  perhaps  even  more  fully  than  we  do 
to-day  the  very  valuable  work  he  has  done. 

The  resolution  was  then  put  by  the  President  and 
carried  with  acclamation. 

Mr.  C.  H.  WoRDiNGHAM  !  I  thank  members  from 
the  bottom  of  my  heart  for  the  very  kind  way  in  which 
this  vote  of  thanks  has  been  proposed,  seconded,  and 
received.  The  work  of  the  President  is  very  hea\'y — 
far  heavier,  probably,  than  those  who  have  not  filled 
the  office  can  realize.  It  has  been  essentially  a  labour 
of  love,  and  it  has  been  a  source  of  intense  satisfaction 
to  me  to  be  able  to  serve  the  Institution  of  which  I 
am  so  proud.  I  should  hke  to  say  one  word  of  thanks 
to  the  two  Councils  with  which  it  has  been  my  privilege 
to  work.  They  have  supported  me  splendidly  in  every 
way.  They  have  been  unsparing  in  attending  long 
and  frequent  meetings,  both  of  Council  and  of  Com- 
mittees. No  President  could  have  had  better  support 
than  I  have  received  from  the  two  Councils  that  have 
been  in  existence  during  the  last  two  years.  It  would 
be  invidious  to  mention  names,  but  I  feel  that  I  must 
say  one  word  of  gratitude  to  Mr.  Sparks  for  the  way 
in  which  he  supported  me  when  I  took  over  the  reins 
of  office  from  him,  and  has  continued  to  support  me 
ever  since.  The  position  of  Past-President  is  one  of 
extreme  difficulty  and  delicacy.  On  the  one  hand 
he  must  not  drop  suddenly  all  he  has  been  doing,  and 
on  the  other  hand  he  must  not  be  unduly  obtrusive. 
Mr.  Sparks  has  backed  me  up  in  every  way,  even  when, 
perhaps,  he  has  not  personally  seen  quite  eye  to  eye 
with  my  proposals.  I  can  only  hope  that  I  shall  do  one- 
quarter  as  well  as  Mr.  Sparks  in  fulfilhng  a  similar  office 
in  regard  to  our  new  President.  I  can  promise  him  that 
he  shall  have  my  most  hearty  support  in  everything 
that  he  thinks  is  good  for  the  Institution  during  liis 
term    of   office. 

The  President  then  delivered  his  Inaugural  Address 
(see  page    i). 

Mr.  C.  P.  Sp.^rks  :  I  have  to  propose  "  That  the  best 
thanks  of  the  Institution  be  accorded  to  Mr.  Roger  T. 
Smith  for  his  interesting  and  instructive  Presidential 
Address,  and  that,  with  his  permission,  the  Address 
be  printed  in  the  Journal  of  the  Institution."  As  a 
student  and  as  member  of  the  various  classes  of  the 
Institution  I  have  listened  to  the  Addresses  of  the 
Presidents  for  the  last  35  years  and,  personally,  I  am 
fascinated  by  the  Address  which  has  been  delivered 
this  evening  by  our  new  President.  In  the  first  place, 
I  wish  to  congratulate  him  on  his  tact  and  on  the 
manner  in  which  he  approached  the  subjects  with 
which  he  dealt.  As  one  of  your  Presidents  during  the 
war  period,  I  was  naturally  pleased  to  hear  the  President 
place  in  the  forefront  of  his  Address  the  question  of  the 
employment  of  disabled  soldiers  and  sailors,  a  subject 
to  which  I  gave  and  still  give  attention.  It  was  inter- 
esting to  me  to  hear  Mr.  Roger  Smith,  who  is  a  practical 
engineer,  emphasize  the  importance  of  improving  our 
present  methods  of  engineering  education  in  every 
possible   way.     In   the   next   place,    the   President   has 


given  us  a  most  interesting  rdsum6  of  the  present 
position  in  regard  to  railway  electrification,  and  I 
am  sure  we  shall  all  read  in  the  /oio-mu/ with  the  greatest 
possible  interest  the  details  which  he  has  promised 
us.  There  is,  however,  one  point  to  which  I  should 
like  to  refer  and  which  at  present  I  do  not  quite  grasp. 
I  speak  rather  as  a  member  of  the  public  than  as  a 
member  of  the  Institution.  As  I  understand  it,  the 
President  lays  down  the  proposition  that  railway's 
are  run  to  meet  the  traffic  requirements  ;  that  engineers 
must  meet  the  requirements  of  the  public  ;  and  that 
the  public  has  to  be  educated  with  regard  to  the  pos- 
sibilities of  electricity.  I  have  lived  for  many  years 
in  the  suburbs  of  London,  and  when  I  travelled  to 
London  by  a  slow  method  of  locomotion,  viz.  steam, 
I  travelled  in  comfort.  I  got  a  seat  to  which  I  was 
entitled,  every  da}',  in  a  first-class  carriage  with  five 
other  passengers.  But  we  have  now  got  an  electric 
service,  and  the  possibilities  of  transportation  have 
increased  so  much  that  the  demand  for  seats  is  75 
or  100  per  cent  more  than  it  was  before.  But-  look 
at  the  effect  on  the  public  :  16,  17,  18,  19,  or  20  people 
have  to  travel  in  one  compartment,  and  it  has  become 
quite  unbearable.  Those  of  us  who  are  fortunately 
situated  can  come  up  to  London  in  our  motor-cars. 
During  war-time  we  put  up  with  the  stress  and  strain, 
but  we  cannot  go  on  for  ever  in  this  way.  In  the 
old  days  I  used  to  take  one  hour  to  get  from  my  home 
to  the  office  ;  it  now  takes  one  hour  and  20  minutes 
with  all  the  standing  up  and  other  inconveniences  ; 
so  that  I  have  been  compelled  to  use  the  road,  and  I 
save  20  minutes  each  way  by  not  using  the  railway. 
It  seems  to  me  that  there  is  something  wrong  somewhere. 
I  am  not  blaming  the  electric  side,  but  the  facilities  are 
so  great  that  something  must  be  done  in  order  to  rectify 
the  present  state  of  affairs.  In  conclusion  I  should 
like  to  thank  my  friend,  Mr.  Wordingham,  most  cordially 
for  his  generous  expression  of  appreciation  of  any  assist- 
ance I  was  able  to  render  him  during  his  Presidency. 

Mr.  J.  S.  HiGKFiELD  :  It  gives  me  great  pleasure 
to  second  the  vote  of  thanks  to  our  President  which 
has  been  so  ably  moved  by  Mr.  Sparks.  I  agree  with 
everything  Mr.  Sparks  has  said  about  the  President's 
most  able  .'\ddress,  which  I  am  sure  will  make  a  valuable 
addition  to  the  Journal.  One  point,  which  Mr.  Sparks; 
has  not  mentioned,  particularly  interested  me,  namely, 
the  President's  reference  to  the  necessity  of  the  adoption 
of  the  greatest  sympathy  and  skill  in  arranging  relations 
between  masters  and  men.  The  war  has  torn  down  the 
traditions  of  society.  It  is  the  business  of  all  educated 
men  to  assist  in  building  them  up  again  and  I  am  sure 
that  the  President's  principle  of  skilful  sympathy  is; 
the  means  to  adopt. 

The  resolution  was  put  to  the  meeting  by  Mr^ 
Wordingham,  and  was  carried  with  acclamation. 

The  President  (in  reply)  :  I  thank  the  members 
very  much  for  their  cordial  vote  of  thanks.  Mr.  Sparks 
has  given  me  an  ideal  of  performance  which  I  wili 
try  to  live  up  to,  but  in  the  meantime  I  can  only  refer 
him  to  a  label  which  obstructs  the  view  from  the  tube 
trains  but  which  gives  an  explanation — or  is  supposed: 
to  give  an  explanation — of  why  things  are  as  they  are,. 

The   meeting   adjourned   at   7.30   p.m. 
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Tlie  methods  given  in  this  paper  were  developed  in  the 
course  of  working  out  the  design  of  valve  amplifiers  for 
use  for  naval  wireless-telegraphy  purposes,  and  permission 
to  publish  this  paper  has  been  specially  given  by  the 
Admiralty.  The  author  is  indebted  to  various  co-workers 
for  numerous  suggestions  which  led  finally  to  the  form 
given.  A  vast  amount  of  experimental  work  on  the 
subject  was  carried  out  at  H.M.  Signal  School,  Ports- 
mouth, by  Lieutenant  ].  K.  Catterson-Smith,  R.N.V.R., 
and  Lieutenant  \V.  A.  Appleton,  R.N.V.R.  Many  sugges- 
tions were  made  at  different  times  by  Mr.  H.  A.  Madge 
and  Mr.  Gossling,  at  Signal  School,  Portsmouth,  and  by 
Captain  H.  J.  Round  of  the  Marconi  Company. 

Latour  ■'■  has  already  published  a  method  of  dealing  with 
single-step  amplifiers  and  for  determining  the  best  circuit 
conditions.  Other  papers,  too,  have  appeared  in  various 
technical  papers,  but  it  is  believed  that  this  is  the  first 
attempt  to  deal  comprehensively  with  the  problems  of  the 
multiple-stage  amplifier.  Even  here  the  case  of  the 
employment  of  a  step-up  transformer  between  valves 
lias  had  to  be  omitted  owing  to  the  complexity  of  the 
conditions. 

Beyond  a  single  valve  the  formula:  become  very  involved 
in  even  the  least  complicated  cases.  It  has  not  been 
found  advisable  to  attempt  to  simplify  them,  but  they  have 
been  left  in  a  form  admitting  of  fairly  quick  numerical 
calculation  for  any  given  conditions.  With  a  little  experi- 
ence a  very  few  numerical  calculations  enable  the  required 
conditions  for  any  particular  design  to  be  arrived  at. 

It  should  be  added,  also,  that  the  problems  dealt  with 
are  only  those  relating  to  the  pure  amplifying  action. 
No  attempt  is  made  to  deal  with  such  questions  as  the 
action  of  the  rectifiers,  the  circuit  arrangements  for  use 
with  amplifiers,  the  source  of  "  valve  noises,"  the  use  of 
limiting  valves,  or  any  other  of  the  numerous  problems 

•  Electrician,  1916,  vol.  78,  p.  280. 
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met   in   the  design  of  the  complete  set  of  apparatus  of 
which  the  amplifier  is  a  part  only. 

(A)  Descriptive. 

(1)  The  iunple  case  of  a  single  valve  used  as  a  resistance 
amplifier.— "Vht  simplest  amplifying  circuit  is  that  shown 
in  Fig.  I.  Here  A,  G,  and  F  are  the  valve  electrodes,  the 
anode,  grid  and  filament  respectively.     The  filament  lem- 
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perature  is  maintained  by  current  from  the  battery  B,  and 
controlled  by  the  adjustable  resistance  R,.  A  steady 
potential  is  maintained  between  the  anode  and  filament 
by  the  battery  B^,  the  anode  current  passing  through  the 
anode  resistance  Ra.  The  small  potential  variations  to  be 
magnified  are  superimposed  upon  the  steady  voltage  main- 
tained by  the  battery  Bj  between  the  negative  terminal  of 
the  filament  and  the  grid.  These  variations  may  be 
looked  upon  as  being  produced  by  a  tiny  alternator  D, 
representing  the  input  circuit.  Under  these  conditions 
the   potential   variations   consist  of  a  rise  above  and  fall 
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below  the  mean  potential  of  the  grid  relative  to  the 
negative  end  of  the  filament.  The  clianges  of  the  grid 
potential  are  immediately  foUovired  by  changes  of  the 
anode  current,  which  in  turn  are  accompanied  by  changes 
of  the  anode  voltage  due  to  the  change  of  potential 
difference  across  the  resistance  Ra. 


the  oscillation  is  applied  to  the  circuit  the  current  flowing 
round  the  circuit  La  Ca  has  not  been  built  up  to  its  normal 
value  and  the  effective  amplification  is  less  than  is  the  case 
at  the  later  stages. 

(3)  Sc'lective  ami    iwn-scleciive  ampUfying. — With  a    cir- 
cuit such  as  that  of  Fig.  3  the  tuning  of  the  condenser 
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The  curves  of  Fig.  2  show  these  variations  and  their 
relative  phases,  it  being  assumed  that  the  variations  of 
potential  applied  to  the  grid  are  more  or  less  sinusoidal  in 
form  and  of  constant  amplitude.  The  relative  values  of 
the  alternating  component  of  the  voltage  across  Ra  and 
the  alternating  grid  voltage  give  the  voltage  step-up  of  the 
valve  and  circuit. 

With  this  arrangement  of  pure  resistances  throughout, 
the  variation  of  the  voltage  across  Ra  can  be  made  an  exact 
reproduction  of  the  variations  of  the  grid  voltage,  provided 
that  both  are  small  compared  with  the  range  of  voltage 
corresponding  to  the  active  portions  of  the  characteristics. 

(2)  Use  of  tuned  ciiruiis  instead  of  resistances. — For 
low-frequency  changes  the  conditions  of  the  previous  para- 
graph can  be  realized  without  difficulty.  But  capacity 
effects  are  serious  at  high  frequencies  (radio  frequencies) 
and  the  resistance  Ra  may  be  replaced  by  a  condenser 
and  inductance  in  parallel  as  in  Fig.  3,  the  circuit  being 
accurately  tuned  to  the  frequency  of  the  variations  of  grid 
potential. 

If  La  is  the  inductance  and  Ra  the  effective  high- 
frequency  resistance  of  the  tuned  circuit,  then  to  a  sus- 
tained alternating  current  this  circuit  behaves  as  a  non- 
inductive  resistance  of  w=  L^/R^  ohms,  where  w  =  2  jr 
X  frequency. 

To  a  sustained  oscillation  this  circuit  behaves  in  the 
same  way  as  the  resistance  circuit  of  Fig.  i.  But  to  an 
oscillation  of  varying  amplitude  the  behaviour  is  quite 
different.     For  example,  during  the  first  few  cycles  after 


Ca  becomes  more  and  more  critical  as  the  resistance 
Ra  decreases.  The  more  critical  tlie  tuning  the  less  will 
be  the  relative  amplification  at  frequencies  other  than  the 
frequency  to  which  the  circuit  is  tuned.  An  efficient  cir- 
cuit   consequently   leads    to  a    selective    amplifier.     The 


effective  damping  of  the  circuit  can  be  regarded  as  being 
made  up  of  two  parts,  viz.  (a)  the  resistance  of  the  circuit 
itself ;  and  (6)  the  equivalent  resistance  due  to  the  resist- 
ance of  the  tube  in  parallel  with  the  circuit.  This  latter 
component  decreases  with  a  decrease  in  the  ratio  of  La/Ca, 
and  vice  versa.     With  large  values  of  La/Ca  it  constitutes 
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the  principal  cause  of  the  damping  and  may  render  the 
circuit  almost  aperiodic.  Thus  a  circuit  having  a  very 
high  ratio  of  La/Ca  cannot  be  efficient",  and  is  the  reverse 
of  a  selective  amplifier. 


Fig. 


fication  is  required  over  a  wide  range  of  frequency,  then 
a  high  ratio  of  La/Ca  and  a  valve  of  low  effective  anode 
resistance  would  be  used. 

(4)  Cascade  amplifying. — Multiple-stage  amplification  can 
be  obtained  with  either  of  the  arrangements  of  Figs,  i  or  3, 


Fig.  6. 

the  anode-circuit  voltage  variations  of  each  valve  being 
applied  to  the  grid  of  the  valve  next  in  the  series, 
and  soon. 

Fig.  4  shows  a  possible  arrangement  of  two  valves  in 
cascade  using  resistances  in  the  anode  circuit.     Separate 


filament  and  anode  batteries  are  required  with  this  arrange- 
ment. In  Fig.  5,  however,  almost  the  same  results  are 
obtained  without  this  disadvantage.  A  similar  arrange- 
ment for  two  valves  with  tuned  anode  circuits  is  shown 
in  Fig.  6. 

A  cascade  arrangement  of  valves  with   step-up   trans- 
formers between  the  valves  is  another  possible  combina- 


In  practice  the  conditions  may  make  either  one  or  the 
other  of  these  conditions  desirable.  Where  high  selectivity 
is  essential  and  tuning  is  not  objected  to,  the  efficient  cir- 
cuits may  be  used.     But  where  approximatel}'  equal  ampli- 
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tion  and  is  shown  in  Fig.  7.  When  allowance  is  made  for 
the  self-capacity  of  the  windings  this  circuit  is  very  closely 
allied  to  that  of  Fig.  6. 

At  first  sight  it  would  appear  that  this  process  could 
be  continued  indefinitely  and  that  an  infinite  amplifica- 
tion could  be  obtained.  There  are,  however,  limits  w'hich. 
will  be  discussed  later. 


(B)  "  Reaction  "  Effects,  and  the  Texdexcy  for- 
Alterxatixg  Currents  to  be  Maixtaixed  in  the 
Circuits  Connected  to  the  Tubes. 

(i)  Reaction  effects  due  to  electrical  coupling  in  the 
amplifier. — The  action  of  any  amplifying  system,  elec- 
trical, mechanical  or  otherwise,  is  strongly  affected  by 
any  transfer  of  energy  back  from  the  output  end  of  the 
system  to  the  input  end.  With  the  amplifiers  now  under 
discussion,  the  transfer  back  of  energy  may  be  caused 
by  any  form  of  coupling  between  the  output  and  input 
circuits.  If  this  coupling  is  such  that  the  changes  at 
the  input  end  are  accentuated,  it  follows  that  changes 
of  a  given  amplitude  in  the  input  circuit  can  be  main- 
tained by  a  smaller  external  power  supply.  In  the  extreme 
case  the  coupling  may  be  strong  enough  to  do  more  than 
maintain  the  changes  at  the  input  end.  The  system  is 
then  unstable,  and  if  the  circuits  consist  of  inductances 
and  capacities,  oscillations  will  be  set  up  and  maintained. 
If  there  are  no  inductances  or  capacities,  the  voltages  and 
currents  will  steadily  change  in  one  direction  or  the  other 
until  the  altered  slope  of  the  characteristic  curves  stops 
the  action. 

On  the  other  hand,  the  coupling  between  the  ends  0( 
the  system  may  tend  to  oppose  the  changes  at  the  input 
end.  More  power  is  required  then  from  the  external 
source  to  maintain  the  changes  in  the  input  circuit,  and 
the  effective  amplification  is  reduced.  Obviously,  the 
greater  the  opposition  coupling,  the  poorer  will  be  the 
amplification  obtained. 
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In  an  arrangement  giving  a  high  amplification  ratio 
(say  i,ooo  to  i  on  the  voltage,  i.e.  lo'  to  i  on  power)  the 
transfer  back  of  a  very  small  proportion  of  the  power 
from  the  output  end  to  the  input  end  will  be  sufficient 
to  render  the  circuits  unstable,  or  to  reduce  the  amplifi- 
cation very  considerably. 

It  is  thus  a  matter  of  the  very  greatest  importance  to 
secure  an  adequate  control  of  the  coupling  between  the 
low-power  and  high-power  ends  of  the  instrument.  This 
coupling  may  be  capacity  coupling,  or  a  mutual  induc- 
tive coupling,  or  a  combination  of  the  two.  Resistance 
coupling  may  also  be  employed  in  conjunction  with  either 
capacity  or  inductive  coupling.  Capacity  coupling  is 
always  present  to  some  extent.  At  high  frequencies  it 
is  always  important  and  is  generally  the  controlling  factor. 
If  inductive  coupling  is  also  used,  the  condition  actually 
arrived  at  is  a  balance  between  the  two. 

Fig.  8  shows  a  method  of  using  a  capacity  coupling, 
and  Fig.  g  a  combination  of  inductive  and  capacity' 
coupling.     Both   these  systems  'are  applicable   to   more 

Cooplin^ 
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Fig.  8. 

'than  two  tubes,  but  the  connections  for  the  capacity 
coupling  must  necessarily  be  made  to  the  right  valves 
or  opposition  effects  will  be  obtained. 

In  practice  it  is  desirable  that  the  action  of  the  amplifier 
should  not  depend  upon  a  very  critical  adjustment  of  this 
coupling.  Consequently  the  unavoidable  coupling  must 
be  reduced  as  far  as  possible.  For  high-frequency  work- 
ing, one  of  the  unavoidable  sources  of  this  coupling  is 
the  capacity  between  the  grids  and  the  anodes  of  the 
valves  themselves.  Formulae  are  given  in  later  par.a- 
graphs  by  means  of  which  the  results  of  this  coupling 
can  be  estimated  in  any  particular  case  and  these  results 
allowed  for. 

(2)  Control  of  the  tendency  towards  the  generation  of 
oscillations  by  varying  the  mean  grid  voltage. — A  common 
method  of  designing  an  amplifier  is  to  adjust  it  so  that 
when  the  mean  potential  difference  between  the  grid  and 
filament  has  a  particular  value  there  is  good  amplification 
with  a  definite  tendency  towards  the  unstable  condition. 
If  an  adjustment  of  the  grid-filament  P.D.  is  now  pro- 
vided, this  tendency  can  be  decreased  or  increased  by 
making  the  mean  grid-filament  P.D.  more  positive  or 
more  negative.    When  more  positive,  the  grid  damping 


is  ijicreased,  which  increases  the  effective  resistance  of 
the  circuits  in  which  the  oscillations  are  produced. 
Usually,  also,  the  total  amplification  is  somewhat  reduced. 
Both  these  effects  tend  towards  stability.  If  the  grid  is 
made  more  negative  the  conditions  are  reversed  and  the 
tendency  to  oscillate  is  accentuated. 

{3)  The  practical  value  of  "  reaction." — There  are  two 
quite  distinct  ways  in  whicli  reaction  can  be  employed. 
In  the  first  place,  as  has  already  been  pointed  out,  the 
tendency  to  produce  self-maintained  oscillations  enables 
currents  of  a  given  amplitude  to  be  maintained  in  the 
input  circuit  for  a  smaller  power  supply  from  the  external 
source.  This  is  in  itself  equivalent  to  ampHfication. 
Under  perfect  conditions,  with  the  reaction  under  perfect 
control,  it  would  be  possible  to  secure  anything  up  to  an 
infinite  amplification  by  slowly  increasing  the  power 
supplied  back  to  the  input  circuit  from  the  output  circuit 
until  the  power  required  from  the  external  source  becomes 
vanishingly  small.  In  practice,  however,  there  are  limi- 
tations. The  control  soou  becomes  ver^'  critical  and  the 
adjustment   so   delicate    that    the    least    change    in    the 


Fig.  9. 

conditions  in  the  valves  upsets  it.  Also,  unless  all 
the  valves  are  working  on  points  on  their  characteristics 
where  the  ampHfication  is  a  m.iximum,  any  momentarv 
large  disturbance  will  sliglitly  increase  the  effective 
amplification  and  cause  the  self-maintained  oscillations  to 
set  in.  Thus  amplification  b}'  "  reaction,"  which  in 
reality  is  merely  using  the  amplifier  to  neutralize  the 
resistance  of  the  input  circuit,  must  be  reduced  to  a  very 
moderate  amount.  The  modern  tendency  is  rather  in  the 
direction  of  avoiding  it  altogether  if  possible,  the  extra 
amplification  required  being  obtained  by  u^ing  more 
valves  in  cascade. 

In  the  second  place,  where  continuous  waves  are  being 
received  by  the  heterodyne  method,  the  use  of  a  separate 
set  of  instruments  to  generate  the  beating  oscillation  is 
avoided  if  the  amplifier  can  be  so  controlled  as  to  generate 
these  oscillations  itself  and  yet  maintain  its  power  of 
amplification.  Many  amplifiers  have  been  designed  which 
serve  the  double  function  fairly  well,  but  generally  there 
is  considerable  loss  of  amplification  and  simplicity  of 
operation.  The  loss  of  amplification  arises  from  the  fact 
that,  once  the  beating  oscillation  is  started  in  the  input 
circuit,  it  immediately  builds  up  to  a  value  which  is  large 
compared  with  the  incoming  oscillation  to  be  amplified 
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By  the  time  that  this  large  oscillation  has  been  amplified 
up  by  the  whole  series  of  valves,  the  voltage  amplitude  is 
such  that  for  the  last  valves  the  grid  voltage  is  coursing  to 
and  fro  far  beyond  the  limits  of  the  slope  of  the  anode- 
current  characteristics.  This  difficulty  is  leading  under 
modern  conditions  to  the  use  of  separate  low-power 
generating  sets  for  producing  the  beating  oscillations. 

(C)  Other  Limitations  to  the  Effective 
Amplification. 
(i)  Exienial  interference  of  the  same  nature  as  the  P.D. 
variation  to  be  amplified. — When  an  amplifier  is  used  for 
the  reception  of  wireless  signals  interference  is  always 
experienced  to  a  greater  or  less  extent  from  atmospheric 
disturbances  and  from  other  signalling.  These  inter- 
ferences are  reduced  as  far  as  possible  by  selective 
devices.  The  residuum  of  the  interference  is,  of  course, 
amplified  up  with  the  signal  that  is  being  received,  and 
the  efficiency  of  the  selective  devices  determines  the 
extent  of  the  amplification  that  can  be  employed  effectively. 
It  is  obviously  useless  to  attempt  to  render  audible  by 
amplification  a  signal  which  is  swamped  by  the  inter- 
ference. The  maximum  amplification  is  thus  that  which 
brings  up  to  good  audibility  suck  interference  as  cannot  be 
eliminated  by  any  of  the  selective  devices  in  use. 

A  discussion  of  the  selective  devices  is  not  relevant  to 
this  paper. 

Somewhat  similar  limitations  are  experienced  with  land 
line  telegraphy  from  earth  currents  and  magnetic  storms. 
(2)  Minute  irregularities  in  the  bcliaviour  of  the  valves 
themselves. — Small  irregularities  in  the  action  of  the  valves 
are  due  to  two  causes,  viz.  (ij)  the  electron  emission  from 
the  filaments  is  apparently  not  perfectly  uniform  ;  and 
(6)  the  amount  and  nature  of  the  residual  gas  is  not 
constant. 

The  result  of  these  small  irregularities  is  to  cause  small 
promiscuous  changes  in  the  anode  currents  of  the  valves 
near  the  input  end  of  the  amplifier.  Each  small  change 
is  amplified  up  throughout  the  whole  series  and  the 
aggregate  gives  rise  to  what  are  known  as  the  "  valve 
noises." 

The  "  valve  noises,"  again,  are  not  matters  for  discus- 
sion in  this  paper,  althougli  they  constitute  one  of  the 
most  formidable  obstacles  to  the  attainment  of  very  high 
amplification. 

(3)  Constancy  of  the  batteries  used  :  bad  contacts,  etc. — 
.Vny  irregularity  of  either  the  filament  heating  battery  or 
of  the  battery  supplying  the  anode  current  will  obviously 
be  a  source  of  trouble.  A  large  capacity  across  the  anode 
battery  is  often  used  to  obviate  this  difficulty  if  the  battery 
is  not  above  suspicion.  Batteries  of  a  large  ampere-hour 
capacity  are  used  for  the  filaments  for  the  same  reason. 

Anything  of  the  nature  of  imperfect  contacts  must, 
of  course,  be  scrupulously  avoided. 

(D)  Theoretical  Treatment. 
(i)  The  valve  characteristics. — For  a  rigorous  treatment 
of  the  amplifying  problems,  four   characteristics  are   in- 
volved, viz. — 

(rt)  Anode  current^grid  voltage  characteristic. 
(6)  Anode  current — anode  voltage  characteristic. 

(c)  Grid  current — grid  voltage  characteristic. 

(d)  Grid  current — anode  voltage  characteristic. 


For  any  adjustment  of  the  mean  anode-filament  and 
grid-filament  potential  differences  there  will  be  the 
corresponding  mean  anode  and  grid  currents.  Any  small 
change  made  in  one  potential  difference  will  cause 
changes  in  both  the  currents.  For  example,  if  the  grid 
is  made  more  positive  to  the  filament,  the  anode  current 
will  increase  and  the  anode  voltage  will  fall.  When  Ihe 
steady  conditions  are  reached,  both  the  anode  and  the 
grid  currents  will  have  taken  up  new  values  corresponding 
to  the  new  values  of  the  grid  and  anode  voltages. 

In  general,  though  by  no  means  alwavs,  the  current 
and  voltage  changes  which  are  to  be  dealt  with  in  ampli- 
fiers are  small  compared  with  the  voltage  range  of  the 
active  portions  of  the  characteristics.  So  long  as  this  is 
the  case  the  characteristics  may  be  regarded  as  straight 
lines  and  the  changes  of  current  calculated  from  the 
observed  slopes  of  the  characteristic  curves. 

This  procedure — which  appears  to  be  universal — in- 
volves a  fundamental  assumption,  viz.  that  the  ordinary 
static  characteristic  is  followed  even  at  high  frequencies 
and  with  minute  amplitudes.  It  is  difficult  to  see  why  the 
static  and  dynamic  characteristics  should  not  be  the  same. 
The  fact  remains,  however,  that  it  never  seems  possible 
to  secure  the  amplification  per  valve  that  is  indicated  by 
numerical  calculations  from  the  static  characteristics.  That 
any  appreciable  time  lag  can  be  caused  from  the  time  of 
flight  of  the  electrons  is  demonstrably  impossible  with 
the  field  strengths  that  are  commonh'  used.  There 
remain,  however,  possibilities  of  changes  of  surface  of 
filament  and,  perhaps,  also  of  the  grid.  With  high-power 
transmitting  valves  a  difference  between  the  static  and 
dynamic  characteristic  is  fairly  definitely  established  and 
appears  to  be  due  to  surface  changes  of  the  filament. 
Whether  some  similar  effect  takes  place  in  the  low-power 
amplifying  valves  is  a  question  that  requires  much  further 
investigation.  In  the  following  notes  it  is  tacitly  assumed 
that  the  static  characteristics  are  followed  at  all  the 
frequencies  contemplated  and  for  all  amplitudes,  however 
small  they  may  be. 

In  making  any  estimate  of  the  amplification  that  can 
be  obtained  from  a  valve,  and  in  determining  the  best 
circuit  arrangement,  it  is  only  the  slopes  of  the  character- 
istics at  the  mean  steady  potentials  that  are  required. 
In  this  paper  the  following  notation  is  used  : — 

Anode  voltage  =  v. 
Grid  voltage     ^  v'. 
Anode  current  ^  i. 
Grid  current     =  i'. 


dj_ 

dv 


'  dv  dv         ^     dv 


The  sign  convention  taken  is  that  v  and  v'  are  positive 
when  the  anode  and  grid  are  positive  to  the  negative  end 
of  the  filament  ;  and  that  i  and  ;'  are  positive  when  the 
current  is  flowing  into  the  valve  at  the  anode  and  grid 
respectively  (i.e.  electrons  flowing  out  of  the  valve  at  these 
electrodes).  The  slopes  are,  of  course,  positive  when  the 
current  increases  with  increase  of  the  voltage, 

Under  normal  conditions  v  is  always  positive  ;  v'  may  be 
positive  or  negative  ;  i  is  always  positive  ;  i'  is  always 
positive  in  "  hard  "  low-voltage  valves,  but  may  be  positive 
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or   negative    in   "  soft      valves  ;    t  '•    '*    positive ;    —    is 

,   .  Cl  V  (I  i' 

positive  ; -J- ,  is  positive  in  "hard"  valves  but  may  be 
positive  or  negative  in  "  soft  "  valves  ;  -,-  is  usually  nega- 
tive. 

(2)  Tlicoiy  of  the  simple  resislaiice  circuit. — The  circuit 
referred  to  is  that  of  Fig.  i.  Suppose  that  the  alternator 
D  superimposes  a  sinusoidal  voltage  cv'{=a'+jb', 
j  being  v/— i)  on  the  steady  grid  voltage.  Let  cv 
{=a+  j  b)  be  the  resulting  increase  of  anode  voltage. 
Let  2  /  and  c  ''  be  the  corresponding  increases  of  the  grid 
and  anode  currents. 


Then 


Hence 


c  i  =  A,  (~  :•'  +  k,ct>  ■ 
c  i'  =  *3  c  V  +  k^cv  . 
cv  =  —  f  ;  R.\       .    . 


(2.1.1) 
(2.1.2) 

(2.1.  • 


(2,2) 


The  mean  port-er  taken  from  the  alternator  is 

/  k  k       \ 

Wd  =  mean  ("  ;'  c  V  =  mean  (A-,  —  , —  '    '      \  (I  v'Y 

\         A'2  +  i/Ka/ 

—  ( L             ^'  ^■>      \  (R.M.S.  grid  voltage  varia- 
~\'      A-, -I-i/Ra/'     tion)= (2.4) 

Inspection  of  equation  (2.2)  shows  that  the  two  volt- 
ages are  of  opposite  phases,  and  that  the  ratio  of  the 
amplitude  is 

k, 


*.  = 


i/Ra 


(2.2.1) 


where  *,  is  the  voltage  step-up  obtainable  with  one  valve. 
It  follows  from  this  equation  (2.2.1)  that  Ra  should  be 
given  such  a  value  that  i/Ra  is  small  compared  with  k^. 
In  that  case 

*i  =  kjk^_  =  m (2.2.2) 

the  "grid  closeness  factor"  or  "amplification  factor"  of 
the  tube. 

'  With  the  tubes  commonh-  used  m  is  of  the  order  of 
from  5  to  30  and  A,  is  of  the  order  of  3  x  10—6  to  30  x 
10—6  amperes  per  volt.  Thus  if  Ra  exceeds  about  100,000, 
the  full  voltage  amplification,  1'  =  m,  should  be  realized 
when  m  is  in  the  neighbourhood  of  5  and  /;,  in  the  neigh- 
bourhood of  30  X  10—6. 

But  for  valves  having  lower  values  of  k,,  Ra  ma}'  have 
to  be  increased  to  500,000  or  even  more  to  obtain  this 
maximum  amplification. 

This,  however,  is  assuming  that  the  power  required  can 
be  supplied  from  the  alternator  D.  This  power  is  given  in 
the  preceding  equation  (2.4).  Observing  that  A^is  negative, 
and  that  with  the  commonly  used  hard  valves  A3  is  positive, 
the  two  terms  are  additive  and  may  represent  a  serious 
damping  of  the  input  circuit.  When  i/Ra  is  small  com- 
pared with  k^  the  power  is 

\\'i>  =  {k^-k,kJk,){cv'y-  =  {k^-mk,){xVY     .     (2.4.1) 

Of  the  two  terms,  A3  is  always  much  larger  than  —  ;;;  k^. 
Hence  the  damping  of  the  input  circuit  is  directly  con- 
trollable by  varying  A3.  With  either  "  hard  "  or  "  soft  " 
tubes  this  can  usually  be  done  by  varying  the  mean  grid 
potential,  without  at  the  same  time  appreciably  affecting 


the  A,  and  A_.  slopes.  Thus  a  practically  constant  voltage 
step-up  can  be  obtained  with  a  wide  range  of  damping  of 
the  input  circuit. 

(3)  Tlie  assumptions  involved  in  tlie  treatment  of  tlie 
simple  resistance  circuit. — The  conditions  assumed  in  the 
previous  paragraph  can  never  be  actually  realized,  because 
(a)  there  is  a  capacity  between  the  grid  and  the  anode  of 
the  valve  ;  (6)  there  is  some  capacity  across  the  resistance 
Ra  ;  and  (c)  there  may  be  appreciable  inductance  in  the 
resistance  Ra. 

With  low  frequencies  (up  to,  say,  500  cycles  per  second) 
and  with  thoroughly  non-inductive  resistances  the  assumed 
conditions  are  certainly  nearly  approached.  But  with 
cascade  combinations  the  effects  of  the  grid-anode 
capacities  are  noticeable  even  at  frequencies  as  low  as 
500  cycles  per  second. 

(4)  Tlie  complete  case  for  a  single  valve. — The  complete 
case  is  represented  by  Fig.  10.  The  condenser  Ca  may  be 
merely  the  stray  capacity  to  earth  or  it  may  be  a 
deliberately  added  capacity.  The  capacity  C  is  the 
capacity   between   grid   and   anode.     With    good   design 


Fig.   10. 

this  should  be  confined  to  the  valve  only,  the  contribution 
from  the  leads  being  inappreciable.  Under  some  circum- 
stances, however,  it  is  unavoidable  that  a  proportion  of  C 
should  be  due  to  the  relative  positions  of  the  input  and 
output  circuits. 

The  amplification  for  this  circuit  can  be  determined  on 
somewhat  the  same  lines  as  with  the  simple  circuit.  Let 
c  V  and  I  c'  be  the  two  components  of  the  anode  current, 
and  let  I  d''  and  c  c'  be  the  two  components  of  the  grid 
current,  the  direction  of  flow  being  as  shown  in  the  arrows 
in  Fig.  10.  As  before,  let  I  v'  and  ^  v  be  the  changes  of 
the  grid  and  anode  voltage.     Then  : — 


c  L'  +  i  d  —  c  ci'  =  A,  r  V  +  A,  c  V 
c  c''  +  c  Di'  =  k^  c  V  +  k^  c  V      . 


C  V: 


V  (Ra  +y  w  La)  =y  —-r-  c  ci 

lit  L^.\ 


—J   -,-.,  c  a 


From  (4.1.3)  and  (-\.i.4) 


c  U  =  ■ 


c  V 
Ra  -t-y  w  La 
c  c  ^  — joi  Ca  2  V 
(j  ci'  =Jui  C  (?!'  —  cV) 


(4.1. I) 
(4.1.2) 

(4- I -3) 
(4-I-4) 


(4.1.4-0 
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Hence,  substituting  in  (4.1. i) 


j  uj  Ca  c  '<■•  —j  w  C'   (I  V  —  c  !'') 


which,  being  re-arranged,  gives 

,     ,    ,  k, — jiaC  ,    ^. 

<'-  —  <:''  j  „  (Ca  -I-  C)  -I-  A,  -f  i/(Ra  -h  /  uTLa"^    '     ''^•-^ 

Writing  _)■  =  A,  — _/"  u  C (4-2-i) 

and        >'.=yai(CA-)-C')-f-*, -I- i/(RA+yu.LA'  .     (4-2.2) 
the  equation  (4.2)  becomes 


(4-3) 
(4-3-I) 


where 

From  (4.1.2)  and  (4.1.4.1) 

y  u)  C  (c  f  —  c  £•')  -|-  t  d/'  =  /:j  c  z"'  -1-  A4  c  "i' 

whicli  with  the  help  of  (4.2)  gives 

-    'v  —  (t  _L  •    r-  (i,— y-.C')(^.— y.^C'1  V   . 

.0/  -(^*3+y'"C  - -(Ca  4-  C)  +  A.  -1-  i/(Ra  +  ;u,  La);^  ' 

='^3+J-C' —yyjy,)c''' (4-4) 

where  V3  =  k^  — j  u  C. 

Equations  (4.2)  and  (4.3)  give  the  voltage  step-up  to  be 
expected,  and  equation  (4.4)  enables  the  power  from  the 
alternator  to  be  calculated. 

Various  points  of   interest  are  obvious  from   equation 

(4-2) :- 

(a)  If  La,  Ca  and  C  are  zero  the  equation  is  the  same  as 
equation  (2.2). 

(6)  The  cross  capacity'  C  comes  in  in  two  wa3's,  viz. 
(i)  It  leads  to  a  reduction  of  the  numerator.  But  A,  has 
the  largest  numerical  value  of  all  the  slopes  and  usuallj-  the 
term — JwC  is  found  to  be  small  when  numbers  are 
actually  applied,  (ii)  It  appears  in  the  denominator 
where  it  has  an  influence  on  both  the  resonant  frequency 
and  the  sharpness  of  the  resonance. 

(c- i  If  Ra  is  negligible  compared  with  w  La,  then  (i) 
There  will  be  resonance  when  i/(w  L  )  ^  w  (Ca  +  C'). 
(ii)  The  sharpness  of  this  resonance  will  depend  upon  the 
relative  values  of  the  terms  i/(w  L.a)  and  w(Ca  -1-  C)  as 
compared  with  k^,.  If  these  terms  are  small  compared 
with  A,  then  the  resonance  is  not  marked.  This  is  the 
prevailing  condition  in  inductively  wound  amplifiers  for 
medium  wireless  frequencies,  where  the  capacity  Ca  is 
the  straj'  capacity  only.  If  Ca  is  increased  b)'  adding  a 
tuning  condenser  across  the  inductance  (and  of  course 
reducing  the  inductance  correspondingly),  then  the  terms 
w(Ca  +  C')  and  i/((j  L.\)  both  exceed  i,  and,  except  at  the 
resonance  frequency,  are  the  preponderating  terms  in 
the  denominator.  This  means  that  the  resonance  is 
sharp  and  the  amplification  is  selective.  At  the 
point  of  resonance  the  voltage  step-up  is  approximately 
(*.— ya,C')/*,. 

(d)  Rewriting  the  denominator  in  the  form 


K  + 


Ra 


R=  +  w'  L\ 


■4. 


(CA-f  C')- 


'La 


R;  +  «' 


qf 


the  more  exact  conditions  for  resonance  are  seen  to  be 


(CA-h-C')  = 


La 


RI  +  ' 


and  under  these  conditions  the  maximum  voltage  step- 
up  is 

k,—JajC' 

K  4-  R.-v/(R^  4-  u,'  L^) 

If  the  term  Ra,'(*^  -1-  w=  L;^"*  is  made  decidedly  smaller 
than  k^  the  step-up  is  again  (it,  —ju,  C']jk,. 

These  general  considerations  show  clearly  the  conditions 
to  be  aimed  at  in  any  particular  design  of  amplifier. 

A  similar  general  consideration  of  equation  (4.4)  is 
more  difficult  owing  to  its  greater  complexity.  Taking 
the  resonant  condition,  and  dealing  only  with  the  larger 
terms  the  equation  is  approximately 


=  "5*3+7' 


C( 


C     1  + 


'iV 


A,  4-R.A(R^-fu-=L^y 

from  whence  it  appears  that  the  effect  of  the  capacity  C 
is  to  throw  an  extra  load  on  to  the  alternator  D.  This 
leads  to  additional  damping  of  the  input  circuit,  and  shows 
that  there  will  be  no  tendency  to  generate  oscillations 
at  the  resonant  frequency.  At  other  frequencies,  however, 
this  will  not  necessarily  be  the  case. 
The   term  —yyjy,  of  equation  (4.4.)  may  be  written  in 


the     form  — 


yvs 


6,  ^  (u  iC\  -1-  C) 

Rl 


where 


L.A. 


■.k,+ 


Ra 


R1-I-. 


and 


.A  +  -^  L.^ 

The   largest   term   of   the   numerator  y  y 
—  J  10  C  A,.     Neglecting  all  but  this  term 

'  C'  *.  ^, ,  b, 


is   generally 


yy. 


.]' 


fli  4- ;'  6.     "i  +  /  <"! 


.  C'/t, 


a\  4-  b\ 


-\-  j  10  C'  it. 


^i 


a\+b\ 


If  now  the  conditions  are  such  that  6,  is  negative  and 
large  enough  for  m  C'A,  b,f(a\  +  b\)  to  exceed  k~,  then  the 
real  part  of  f  d''  is  negative  and  there  will  be  a  tendency 
to  instability.  For  6,  to  be  negative  w  (C  -f-  C)  must  be 
less  than  w  La./(Ra  +  i^'  L^i.  In  terms  of  the  reactances, 
this  means  that  the  inductive  reactance  must  be  less  than 
the  capacity  reactance  ;  i.e.  the  working  frequency  must 
be  below  the  natural  frequency  of  the  anode  circuit.  It  is 
well  known  that  if  D  is  a  tuned  circuit,  the  insertion  of  a 
small  inductance  in  the  anode  circuit  gives  rise  to  a  simple 
form  of  oscillating  circuit. 

The  tendency  to  oscillate  can  be  added  to  or  neutralized 
by  a  mutual  coupling,  M,  between  the  inductance  of  the 
grid  circuit  and  the  inductance  in  the  anode  circuit.  For 
any  particular  case,  the  value  of  M  necessary  to  secure 
full  control  of  the  tendency  to  oscillate  can  be  estimated 
as  follows  : — 

Let   the  tuned  circuit  consist  of  an  inductance  Lg,  of 
resistance  Rl,  in  parallel  with  a  condenser  Cg,  of  resistance 
Re.     Let  Ig   be  the   R.M.S.  value  of  the  current  in  this 
circuit. 
Then  c  i' =  Ig  (Rl +y<"  Lg) 


Ig  = 


cv 


R-L+joi  Lg 


Rl 


1  -J 


<  Lg 
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when  R^  is  negligible  compared  with  Wj  Lq  as  is  usual 
and  assuming  that  the  power  abstracted  from  the  output 
circuit  is  relatively  small.  The  induced  electromotive 
force  resulting  from  the  mutual  coupling  is 


e  —  ±J  w  M  I  u  =  +  ' 


Jl 


M 


'  Ra  4-  7  w  La 


Iv'  from  (4. 1. 3.1) 

and  (4.3)      (4.6) 


which  can  be  written  in  the  form  e:=  (a  +  jb)  ?  v  . 

The  power  supplied  to  the  circuit  by  the  mutual 
coupling  is  the  sum  of  the  products  of  the  components  of 
Ig  and  e  that  arc  in  phase  with  one  another,  i.e. 


V      ,0'  L3. 


+  6. 


-)(c~.')^ 


c  j/  in  this  case  being  expressed  as  a  R.M.S.  value. 

The  losses  in  the  circuit  consist  of  the  heating  losses 
resulting  from  the  current  Ig  flowing  through  the  resist- 


etc,  are  omitted,  as  only  the  alternating  components  of  the 
currents  and  voltages  are  required. 

With  step-up  transformers  between  the  valves,  the  con- 
ditions are  rather  different,  but  can  be  approximated  to  by 
taking  the  grid  voltage  of  one  valve  as  p  times  the  anode 
voltage  of  the  previous  one,  where  p  is  the  ratio  of  the 
turns  of  the  transformer.  The  grid  currents  will  be  i/p 
times  the  corresponding  anode  currents.  The  effect  of 
the  cross  capacity  is,  however,  very  complex,  and  it  is 
doubtful  whether  any  useful  purpose  is  gained  by 
workmg  out  the  conditions  in  detail  on  these  inaccurate 
assumptions.  With  a  transformer  of  11  ratio  with  large 
capacity  between  the  grid  and  anode  windings  the  circuit 
of  Fig.  II  is  applicable.  The  inductance  La  will  he 
the  equivalent  inductance  of  the  inductance  of  the 
two  transformer  windings  in  parallel,  due  allowance 
being  made  for  the  mutual  inductance.  The  circuit  of 
Fig.  7  can  also,  therefore,  be  represented  by  the  circuit 
of   Fig.   II. 

When  dealing  with  more  than  one  valve,  it  is  assumed 


Fig.   n. 


ances  Rl  and  Re.  The  power  output  from  the  circuit  is 
the  component  of  the  current  t  ''  in  phabC  with  the  grid 
voltage  1 1''. 

If  the  conditions  are  such  that  tlie  grid-anode  capacity 
leads  to  a  dauiptng  of  the  input  circuit,  this  constitutes  a 
further  source  of  power  output. 

For  full  control  of  the  o^cillations  the  power  supplied 
through  the  mutual  coupling  must  exceed  the  losses  plus 
both  these  sources  of  power  output. 

In  the  cases  in  which  the  grid-anode  capacity  leads  to 
a  supply  of  energy  to  the  grid  circuit,  then  the  mutual 
inductance  can  be  reduced  correspondingly. 

It  thus  follows  that  in  an  amplifier  tliat  is  to  be  used 
over  a  considerable  range  of  frequency,  it  is  necessary  to 
provide  for  a  wide  variation  of  the  mutual  M.  Usually  the 
mutual  is  arranged  to  give  both  positive  and  negative 
values  up  to  a  maximum  of,  say,  50  per  cent  more  than  is 
required  under  the  worst  conditions.  It  is  very  desirable 
that  the  maximum  value  of  the  mutual  should  not  be  un- 
necessarily large.  If  this  is  the  case  the  adjustments  for 
those  conditions  requiring  small  values  of  M  become 
altogether  too  critical. 

(5)  Tuv  valves  in  cascade. — The  calculation  of  the  ampli- 
fication depends  upon  the  method  of  linking  together  the 
valves.  The  circuits  of  Figs.  4,  5,  or  6  reduce  to  the 
general  case  of  that  shown  in  Fig.  11,  where  all   batteries, 


that  the  valve  characteristics  are  identical  and  that  the 
circuits  are  identical.  This  is  very  approximately  the  case 
in  practice. 

A  small  modification  of  the  notation  is  necessary  whera 
dealing  with  multiple  valves. 

Prescript  letters  have  already  been  used  to  indicate  the- 
path  of  the  currents.  Subscript  numbers  will  now  be  in- 
troduced to  indicate  the  particular  valve  of  the  series 
referred  to.  The  valves  are  numbered  from  the  output  end 
toifaids  the  input  end.  The  application  of  this  notation  to 
the  two-valve  case  is  shown  in  Fig.  11. 

The  equations  for  the  first  valve  are  almost  identicaJ 
with  those  for  the  single  valve  given  in  the  previous 
paragraph,  viz. 


■  L/,  -f  t  c/, 


•  C;',  =  *,  c  2'',  +  *5  c  ;'. 


,{Ra+J,.,La)=j 


Ca 


CC. 


-^Jc^^'- 


(5.1.1^ 


(5-1-3) 


(S-I4) 


Whence 


-  ?  v,{ju,  (Ca  -I-  C)  +  k,  +  i/(Ra  +j\>  La)} 

=  iv[(h,—jioC')     .     (5.2) 
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Writing,  as  before  : — 

V  ^  ki  — J  111  C 

y,  =y  w  (Ca  +  C)  +  k,+  i,'(Ra  +7  "'  I' a) 

and  making  these  substitutions, 

—  >'.  c  :'.  =>'c  i'l 


or 
where 


c  ■-;  =  ip,  c  :•, 
,p,  =  —yly,. 


(5-4) 


{34-I) 


The  value  of  <p,  is  the  amphficaticn  for  the  one  valve  ex- 
pressed in  unreal  quantities.  The  actual  volfage  step-up, 
* ,  will  be  found  from  ■;<,  in  the  usual  way  bj'  converting 
to  the  form  ip,=:a  +Jb  and  determining  the  value  of 
(a=  -f  *')'. 

For  the  second  valve,  the  equations  can  be  written 
down  in  the  same  way  : — 

?ij  =  — cL'=(Ra -fywLA)=y  — 7^  ('c/.   .    (5.5.3) 

w  ^A 


C  J'a  —  C  ''2  = J  — 7J   f  C', 


•     •     (5-54) 

c  /,  =  A3  f !',  -I-  *j  t  :'t      ■     •     •     •     (5-5-5) 
Substituting  for  the  currents  in  terms  of  the  voltages 
-  c  V,  ()■.  +ju,C'-\-k^)  —  l  :•.  (*,  -y  u,  C)  =  y  I V,  (5.6.1) 

Writing  y,  =  v, -hy  luC -t- *,     .     .     .     .  (5.6.1. i) 

and  as  before  \^-^k^ — ywC (5.6.1.2) 

then  —y,c\\ — Vj ?  :•,  =  v  c  :'j     .     .     .     (5.6.2) 

But  f  !'3=  0  I',,  whence  from  (5.4) 

(  — J3— v,/0,)c;',  =vt  I'j 
or  e  !•,  =  0,  c  :■' (57) 

where  '».  =  —  „      ''. ,  ,„       (57-') 

The  current  from  the  input  circuit  is 

CD'j  =  c  '2  —  c  c' 

=  *3  c  I'';  +  k^  I  I'z— y  w  C'  (c  :'j—  c  is)  from  (5.5.4) 
=  0'=  —J.)  c  ^'2  +  /3  f  -I  from  1 5.6.1)  and  ;  5.6.1.2) 
=  (v,— V,  -I- V30,  f,,)  c  IS     from  (5.4)  and  (5.7)    .     (5.8) 

The  real' part  of  this  current  represents  power  output 
from  the  input  circuit.  When  the  real  part  is  positive 
this  represents  additional  damping.  If  the  real  part  is 
negative,  a  tendency  to  oscillate  is  indicated. 

Writing  t  D',  —  (a  -V j b)}  v,_,  then  the  mean  power  taken 
by  the  amplifier  from  the  input  circuit  is  mean  a  (c :',)'.  If 
the  grid  circuit  consists  of  an  inductance  and  condenser 
in  parallel,  as  in  the  previous  paragraph,  the  mean  power 
expenditure  is  I^  (Rl  -I-Rc). 

But  Ig  =  luCo  (c  •',)  approximately,  c  :■,   being  here  ex- 


pressed in  R.M.S.  values.  The  power  expenditure  is 
therefore  w'Cq(Rl  -|- RJ  (c  ^li'-  The  power  required 
from  external  sources  is  therefore 

{c.'C^(RL-i-Rc)-f..'}(ct> 

If  this  is  negative  the  combination  of  circuit  and  ampli- 
fier will  be  unstable  and  oscillations  will  be  generated. 

(6)  General  considerations  of  the  equations  of  the  previous 
paragrapli. — It  is  obvious  that  the  same  general  con- 
siderations as  those  given  in  paragraph  (41  are  applic- 
able, but  that  the  precise  conditions  are  even  more 
involved. 

Neglecting  JwC  in  comparison  with  *„  equation 
(5.7.1)  becomes 

^'==k.(j^a-kj+y,y,      ■     ■     ■       ^^-'^ 

If  tuned  anode  circuits  are  used,  C'  is  very  small  compared 
with  Ca,  and  Ra  is  small  compared  with  u  La.  Under 
these  conditions,  when  the  circuits  are  tuned  so  that 
u  La  =  I  /  ( w  Ca  ),y,y,  =  *.-  ( *,  -I-  *3  )• 


'k,(j>oC'  —  k,)  +  k,(k,  +  k,) 


(6.1.2) 


and  if  negative  mean  grid  potential  is  used  so  that  k,  and 
k^  are  negligible 

^»=ri— ^~r (6-I-3) 

K^  -\-  J  u»  C   Ki 

This  equation  (6.1.3)  shows  that  the  grid  anode  capacity 
is  deleterious  and  reduces  the  step-up  per  valve  under 
the  particular  tuning  conditions  assumed.  The  capacity 
contributes,  however,  to  the  reaction,  and  under  some 
circumstances  the  contribution  to  the  reaction  may  more 
than  neutralize  the  loss  of  step-up  per  valve. 

The  condition  that  w  La  =  i/iu  C.a  is  not  necessarily  the 
best  condition.  Still  neglecting  Ra  and  C  compared  with 
(u  LAand  Ca  respectively,  the  denominator  of  (6.1)  becomes 

*a*»  +  *j-(<-CA--5-J=-*.*. 

+  y{(2A=  +  *3)("'CA-_^[J+o,C'*,} 

The  minimum  value  of  this  denominator  is  very  nearly 
that  corresponding  to 


(2  k,  -f  *,)  (  w  Ca  —  ^^-^  )  -I-  0,  C  .«:,  =  o 
ill  Ca- 


iLA 


wC  k, 

2X  +  ^3 


Under  these  conditions 


A, 


^'  "   *.  (  *=  +  *3  )  —  *.  *4  —  I.  •"  ^'  *■  ^■'''■'  *-'  +  *3  )  ' 

If   negative  grid   potential   is  used  so  that   A,  «  k^  and 
k^k,  <-ck\,  then  with  this  tuning 

k] 

*°       k\-m'.iu,-C' 

and   the   capacity   C   leads   to   an   improvement    in    the 
amplification. 
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In  the  case  of  circuits  in  which  Ca  is  of  the  same  order 
as  C'  and  both  Ra  and  La  are  large  it  is  impracticable  to 
make  any  generalizations,  as  all  the  terms  become  of 
importance.  Numerical  cases  may-,  however,  be  worked 
out  and  they  very  quickly  give  an  indication  of  the  results 
to  be  expected  or  of  the  modifications  that  are  necessary 
to  attain  any  desired  results. 

Equation  (5.8)  for  the  current  from  the  input  circuit 
is  even  more  difficult  to  interpret  generally.  It  is 
available,  however,  for  numerical  calculations. 

(7)  Three  valves  in  cascade. — The  treatment  of  the  first 
two  valves  is  exactly  as  in  paragraph  (5).  For  the  third 
valve,  equations  can  be  written  down  identical  w-ith  those 
of  (5.5),  but  with  each  subscript  number  increased  by  one. 
From  these  an  equation 


—  y,  ?  yj  —  )'3  ?  V,  =  y  c  >■'      . 

is  derived  which  is  exactly  similar  to  (5.6.2). 
Then  substituting 


(7.6.2) 


and 


where 


1 2'3  =  I  I',  =  (  !',/*=  from  (5.7) 
c  I'a  =  r>  I'l  =  f  2'./0.  from  (5.4) 

y 


V+^J''s  =  1'^cV,       .        (7.7) 
....     (7.7.1) 


V 


yj^.+y.l'p'- 

Similarly,      c  D;^  =  (v_,  -  y,)  c  v'^  +  y^  I  v\_ 

=  {y.-y.+y^fj'p,)cv'.     .   .   .     (7.8) 

(8)  The  general  case. — Corresponding  to  equations  (5.6.2) 
and  (7.6.2)  there  is  obviously  a  general  equation 

—y=ov„-y,cv'„_^=y'cv„       .     .     (8.6.2) 

The  substitutions  to  be  made  are  c  i'„  =  c  t'j,  _i  =  c  v,lip„_^ 
from  a  general  equation  corresponding  to  (5.7)  ;  and 
S  !'h_i  =  ^!'„_j  =  S  :'i/</'„_2  from  a  general  equation  corre- 
sponding  to  (5.4). 

With  these  substitutions 


Svr- 


y^'f„-.+y'ii'„_. 


r    =  *    p  ;•■        .    (8.7) 


where 


•     V^„_,+^,/0„_, 


(8.7.1) 


Similarly  t  d;„=  0'--  —  ;'■)  t "''«  +  .^'3  i  ''n-i 

(9)  The  capacities  and  inductances  required  for  a  given 
control  of  the  reaction. — The  usual  methods  of  securing 
control  are  either  by  mutual  inductance  between  the 
input  circuit  and  one  of  the  anode  circuits  of  the  series  or 
by  a  variable  capacity  between  one  of  the  anodes  and  the 
grid  of  the  input  valve. 

The  couplings  are  usually  small,  and  as  an  approxima- 
tion it  is  assumed  that  the  power  fed  back  to  the  input  end 
from  the  valves  at  the  output  end  is  negligible  compared 
with  the  power  available  there.  In  this  case  the  method 
used  in  deriving  equation  (4.6)  can  be  employed  for  more 
than  one  valve.  If  the  coupling  is  from  the  first  valve  to 
the  input  grid,  then 

e'„  =  ±Joj  M  .  cL'i 

_  _  y  (u  M  . 


Ka  +yw  La 


cv„. 


(9-4> 


More  generally,  if  the  coupling  is  to  the  anode  circuit  of 
the  with  valve. 


<•'„  =  ±y  w  M  r  l/„ 


(9.4.1) 


_y  W   M   0„/0,„-I         .^       ' 

•■  RA+y^-LA  ■ ' ''" 

The  capacity  coupling  can  be  treated  on  similar  lines  if 
it  is  assumed  that  the  capacity  of  the  coupling  condenser 
is  so  small  that  the  current  passing  through  it  is  neghgible 
compared  with  the  current  at  the  anode  of  the  valve  to 
which  the  capacity  is  connected. 

If  the  capacity  K  is  connected  to  the  mih  valve  anode, 
there  will  be  a  voltage  (c  v,„  —  c  i''„)  across  it.  Consequently 
a  current  c  ^/„  ^j  uK  (c  v,„  —  ?  v],)  flows  into  the  grid  side 
of  the  input  circuit,  and  the  current  cd;„  required  from 
the  input  circuit  is  reduced  by  a  corresponding  amount. 
Considering  the  power,  it  is  only  the  real  parts  of  these 
two  currents  that  are_  involved.  If  the  real  part  of  ck/„ 
is  positive,  it  follows  that  a  smaller  positive  real  part  is 
required  from  c  d'„.  If  no  positive  real  part  is  required 
from  cD'„,  then  the  circuit  is  just  unstable  and  on  the 
verge  of  generating  oscillations. 


As  above,  t  K'„=.i  w  K  {i  v,„  —  c  i'„) 

=ywK(0„/^m-  i)  iv„ 


■     (9-5) 

whence  the  current  can  be  calculated  for  any  desired 
arrangement,  and  by  a  process  of  trial  and  error  a 
suitable   value  of  K  can  be  determined. 


Discussion. 


Professor  G.  W.  O.  Howe  :  It  is,  of  course,  quite 
unavoidable  that  there  are  many  details  of  a  subject  like 
this  which  cannot  be  dealt  with  in  the  limited  scope  of 
a  paper,  but  I  confess  that  I  felt  a  little  disappointed 
at  the  number  of  things  which,  to  judge  from  its  title, 
I  expected  to  find  in  the  paper  and  which  the  author  has 
not  even  mentioned,  such  as  the  relative  advantages 
of  air-core  and  iron-core  transformers  for  connecting 
one  valve  to  the  next,  both  for  telephonic  frequencies 
and  als<j  for  radio  frequencies,  the  use  of  multi-layer 
coils,  and  the  effect  of  capacity  between  the  layers  of  the 


coils.  I  suggest  that  a  better  title  for  the  paper  would 
be  "  The  Theory  of  Multi-stage  Amplifiers,"  rather 
than  "  The  Design  of  Multi-stage  Amphfiers."  Design 
should  not  be  undertaken  until  one  has  mastered  the 
theory,  and  it  should  then  deal  with  the  special  points 
arising  in  the  application  of  the  theory  to  the  actual 
construction  ;  the  present  paper  is  mainly  an  elabo- 
ration— and  a  very  able  elaboration — of  the  theory  of 
the  multi-stage  amplifier.  The  author  gives  a  reference 
at  the  foot  of  the  first  column  on  page  65  to  a  paper 
by  Latour  in  1916.     I  think  it  is  only  fair  to  add  that 
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last  July  Latour  read  a  much  fuller  paper  on  "  The 
Theon-  of  AmpUfiers "  before  the  Societe  Frangaise 
des  Electriciens  which  will  be  found  in  the  July  number 
of  the  "  Bulletin."  He  does  not,  however,  go  into  the 
thcorj'  with  anj'thing  like  the  thoroughness  shown 
by  the  author  in  this  paper.  Latour  does  not  consider 
such  things  as  the  Capacity  between  the  plate  and  the 
grid,  but  his  paper  is  nevertheless  very  interesting 
and  should  be  read  in  conjunction  with  the  present 
paper.  The  methods  followed  are  different  and  the 
formulae  look  verjr  different,  but  this  is  partly  because 
Professor  Fortescue  expresses  the  characteristics  of 
the  valves  in  terms  of  conductances,  whereas  Latour 
employs  resistances.  The  four  constants  k^,  k^,  A3, 
and  k^,  are  in  Latour's  paper  four  different  resistances, 
if  we  agree  to  call  these  differential  ratios  resistances. 
I  might  mention  in  this  connection  that  Latour  gives 
reciprocals  of  these  four  constants  for  the  standard 
French  valves.  He  gives  i/Ai  as  2,000  to  3,000  ohms  ; 
i/A;  as  15,000  to  20,000  ohms  ;  1/A3  as  250,000  to  400,000 
ohms,  and  i/A^  as  50  megohms  to  100  megohms.  I 
should  hke  in  the  next  place  to  refer  to  Fig.  4.  This 
figure  is,  I  know,  merely  diagrammatic  and  is  not 
intended  to  represent  an  actual  amplifier,  but  it  should 
be  pointed  out  that  the  voltage  drop  across  the  resistance 
Ra  in  the  plate  circuit  of  the  first  valve  is  much  larger 
than  should  be  apphed  to  the  grid  of  the  second  valve, 
and  it  might  be  necessary  to  introduce  a  very  large  grid 
batter}'  in  the  secorld  valve  in  order  to  keep  the  potential 
difference  of  the  grid  down  to  the  proper  value.  Latour 
points  out  in  his  paper  that  this  drawback  can  be 
avoided  by  di\'iding  the  anode  battery  of  the  first  valve 
into  two  parts,  inserting  one  part  where  the  author 
has  it  and  placing  the  second  part  with  R^  between  the 
tappings  to  the  grid  of  the  second  valve.  In  this  way 
the  voltage  drop  in  Ra  can  be  made  equal  to  the  voltage 
rise  in  the  latter  part  of  the  battery,  so  that  no 
steady  voltage  is  apphed  between  filament  and  grid. 
The  statement  on  page  5g  that  "  with  high-power 
transmitting  valves,  a  dififereuce  between  the  static 
and  dynamic  characteristic  is  fairl}'  definitely  estabUshed, 
and  appears  to  be  due  to  surface  changes  of  the  fila- 
ment "  is  a  very  important  point  if  one  finds  that  the 
amplications  predicted  from  considerations  of  the  slopes 
of  the  characteristics  are  not  obtained  in  practice. 
In  thinking  over  possiblS  explanations  of  this,  it 
occurred  to  me  that  it  ma}'  be  due  to  the  fact  that 
the  action  of  the  valve  is  very  sensitive  to  changes 
in  filament  temperature,  ^^'hen  one  is  taking  a  static 
characteristic  curve  the  temperature  of  the  filament 
for  each  reading  does  not  depend  entirely  on  the 
heating  current  flowing  through  the  filament,  but  is 
affected  ,to  some  extent  by  the  current  through  the 
valve  from  the  filament  to  the  anode.  So  that  when 
plotting  a  static  characteristic  curve,  although  the 
current  through  the  filament  may  be  kept  constant, 
it  is  possible  that  in  changing  from  point  to  point  we 
may  cause  verv  slight  modifications  in  the  temperature 
of  the  filament.  WTien  the  current  in  the  filament  is 
oscillating  at  a  high  frequencv  the  temperature  of  the 
filament  has  not  time  to  follow  those  oscillations  on 
account  of  the  thermal  capacity  of  the  filament  :  it 
is  oscillating  then  with  a  fixed  temperature  of  filament. 


That  may  be  one  of  the  causes  of  the  discrepancj- 
between  the  amplification  predicted  from  the  static 
characteristic  and  the  ampHfications  actually  obtained 
at  high  frequencies. 

Mr.  L.  B.  Turner  :  In  the  verj'  interesting  paper 
before  us,  equations  have  been  evolved  governing 
the  action  of  an}-  number  of  similar  triodes  in  cascade. 
We  must  appreciate  the  skill  with  which  the  author 
has  marshalled  the  equations  in  the  endeavour  to 
give  to  the  mathematical  results  some  apprehensible 
physical  significance  ;  but  I  think  man}'  vdW  feel  that 
here,  as  so  often,  the  unwieldiness  of  the  mathematical 
results  must  drive  the  designer  to  rely  mainly  on 
experiment,  guided  of  course  by  a  few  elementar}- 
conceptions  which  are  probably  best  derived  from 
consideration  of  the  simple  case  of  a  single  triode.  I 
should  like  to  draw  attention  to  one  such  guiding  principle 
not  explicitly  developed  in  the  paper.      As   the  paper 
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Fig.  .\. — .\voidance  of  backlash. 

points  out,  the  tendency  of  an  extra-strong  signal,  or 
an  over-shoot  in  the  adjustment  of  the  controlhng 
reactions,  to  set  up  self-mamtained  oscillation,  is  a 
great  difficulty  to  the  designer.  "  Unless  all  the  valves," 
says  the  author,  "  are  working  on  points  on  their 
characteristics  where  the  amphfication  is  a  maximum, 
any  momentary  large  disturbance  will  shghtly  increase 
the  effective  amplification  and  cause  self-maintained 
oscillation  to  set  in."  All  who  have  attempted  to 
construct  sensitive  amplifiers  suitable  for  unskilled 
manipulation  well  know  this  difficult}-.  It  manifests 
itself  as  backlash  in  the  adjustments  around  the 
threshold  of  oscillation.  It  is  the  phenomenon  cultivated 
and  used  in  the  oscillatory  valve  relay,  which  I  described 
before  the  Institution  last  June.  This  action  is,  I 
think,  to  be  avoided  in  the  following  way.  Take 
the  case  of  the  full-hne  curves  in  Fig.  A  herewith, 
where  O  N  represents  the  working  mean  grid  potential. 
Any  increase  of  v'  will  increase  the  slope  k^,  which, 
it  inay  easily  happen,  will  overpower  the  accompan}-ing 
increase  in  Aj,  and  so  give  the  "valve  relay"  effect 
we  wish  to  avoid.  If  now,  by  raising  the  mean  anode 
potential,   or  modif}'ing  the  dimensions  of  the  triode. 
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we  change  our  anode  point  to  P;,  on  the  dotted  curve, 
where  k^  is  sensibly  independent  of  v' .  a  rise  of  v' 
only  serves  to  increase  the  damping,  i.e.  to  inhibit 
oscillation.  And  since  k^  is  increased  by  a  rise  of  v' 
more  than  it  is  decreased  by  an  equal  fall  v' ,  the  larger 
the  amplitude  of  altcrnatmg  E.M.F.  applied  to  the 
grid  the  less  ready  is  the  system  to  oscillate.  A  defect 
in  the  design  of  many  amplifiers,  1  think,  has  been  the 
neglect  to  ensure  that  the  representative  point  on  the 
anode  curve  shall  be  well  off  the  concave  foot  of 
the  curve  Pj  and  well  on  the  almost  straight  portion  P,. 
The  second  point  I  should  like  to  dwell  on  for  a  moment 
is  the  tendency,  approved  by  the  author,  to  resort  to 
many  triodes  rather  than  utilise  the  sensitivity  to  be 
got  from  retro-action  towards  the  self-oscillatmg  con- 
dition. If  it  were  possible  to  construct  a  multi-triode 
amplifier  without  any  retro-action,  it  is  obvious  that 
no  fine  adjustments  would  be  required.  The  small 
inconstancies  in  the  triodes,  to  which  the  author  refers, 
would  then  only  slightly  increase  or  decrease  the 
amplification  obtained.     But,  as  the  paper  points  out, 
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in  high-frequency  work  at  least  we  cannot  avoid  retro-, 
action.  It  is  inherent  in  the  triodes  and  their  circuits, 
and  we  are  obliged  to  counter  it  by  controlled  retro- 
action in  the  opposite  sense.  Now  there  is  no  practical 
difficulty  in  arranging  for  adjustment  of  coupling  or 
grid  potential  or  the  hke,  however  fine.  The  difficulty 
is  not  in  finely  controlling  the  reaction  ;  it  lies  in  the 
inconstancies  of  the  triodes  and,  possibly,  the  batteries. 
It  seems  to  me  questionable,  therefore,  whether  the 
resort  to  many  triodes,  with  their  retro-action  and 
counter  retro-action,  is  the  best  course.  Should  we 
not  rather  attempt  a  close  approach  to  the  infinite 
sensitivity  that  one  or  two  quite  constant  triodes  could 
give  us  ?  I  have  worked  on  these  lines  in  an  aperiodic 
retro-active  arrangement,  a  description  of  which  will 
be  published  shortly,  and  which  is  illustrated  typically 
in  Fig.  B.  Here  a  rise  of  the  upper  grid  potential 
(produced,  for  example,  by  the  signal  e)  produces  a 
rise  of  upper  anode  current,  which,  owing  to  the  ohmic 
drop  in  r.  produces  a  fall  of  lower  grid  potential  ;  this 
in  turn  produces  a  fall  of  lower  anode  current  and 
hence  a  rise  of  upper  grid  potential.  If  this  last  change 
of  potential  is  nearly  as  great  as  the  original  change  e, 
the    latter    is    more    or    less  completely  self-sustaining. 


The  effect,  looked  at  otherwise,  is  as  though  the  re- 
sistances of  the  anode  circuits  had  been  more  or  less 
completely  wiped  out  ;  so  that  small  changes  e  produce 
large  changes  in  the  anode  currents,  and  therefore 
large  changes  E.  Amplifications  E /e  up  to  2,000  can 
be  obtained  and  maintained  ;  and  this  with  circuits 
giving  a  theoretical  maximum  amplification  without 
retro-action  of  only  about  3  per  triode.  Further,  in 
this  symmetrical  arrangement,  changes  in  each  triode 
are  accompanied  by  equal  and  opposite  changes  in 
the  other  triode  ;  and  the  process  of  adjusting  the 
circuits  brings  about  the  desired  condition  of  decreasing 
amplification  with  increasing  signal,  so  that  there  is 
stability  with  any  signal  strength.  In  conclusion  I 
wish  to  suggest  that  the  mathematical  analysis  in 
the  paper  would  be  most  instructively  applied  to  the 
design  of  some  concrete  amplifier,  or  to  the  analysis 
of  some  amplifier  which  has  actually  been  constructed. 
and  I  hope  that  the  author  or  someone  else  will  carry 
out  and   publish   this  work. 

Mr.  J.  K.  Catterson-Stnith  :  About  two  years 
ago,  when  we  were  experimenting  with  amplifiers  at 
Portsmouth  and  elsewhere,  the  results  obtained  tre- 
quently  indicated  a  much  smaller  magnification  than 
was  expected  from  consideration  of  the  characteristics 
of  the  valves  used.  The  author  shows  by  his  investiga- 
tions that  this  is  to  be  attributed  to  stray  capacity  in 
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the  circuit  which  has  a  marked  effect  in  resistance 
couplings  at  the  liigher  frequencies.  The  ordinary 
type  of  expression  which  appears  under  the  heading  of 
"  Theory  of  the  simple  resistance  circuit  "  on  page  70 
was  found  to  be  of  little  use  in  the  design  of  multi- 
valve  amplifiers,  because  it  was  soon  observed  that  the 
amplification  of  a  resistance-coupled  circuit  varied 
considerably  with  the  wave-length  of  the  signal  bemg 
received.  It  was  only  by  the  application  of  the  theoreti- 
cal investigations  of  the  author,  which  are  embodied 
in  this  paper,  that  corroboration  was  obtained  of  the 
form  of  the  amplification  curve  when  plotted  against 
the  wave-length.  The  amplification  obtained  with 
resistance-coupled  multi-valve  circuits  rises  as  the  wave- 
length increases  (i.e.  as  the  frequency  decreases),  as 
shown  by  the  full  line  in  Fig.  C  herewith.  In  the 
simple  form  of  the  expression  used  on  page  70 
there  are  no  terms  dependent  upon  wave-length  and 
it  is  necessary  to  employ  the  expressions  given  by 
the  author  in  order  that  due  allowance  may  be  made 
for  the  wave-length  or  frequency,  because  of  the  so-called 
self-capacity  or  stray  capacity  of  the  various  leads 
and  the  other  parts  of  the  apparatus.  I  think  the 
fact  that  the  author's  work  was  available  immediately 
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for  helping  to  clear  up  those  difficulties  and  pointing 
the  wav  for  improvement  in  the  design  of  inductive 
coupling  and  indicating  the  limitations  of  the  resistance- 
type  coupling  was.  at  an)'  rate  to  most  of  us.'a  sufficient 
demonstration  of  the  utility  of  his  work.  I  do  not 
know  whether,  in  view  of  what  was  said  by  Professor 
Howe,  I  ought  to  speak  about  some  of  the  more  practical 
sides  of  the  question  with  which  I  was  mainly  concerned. 
Heading  such  a  paper  as  this  after  listening  to  the 
pre\-ious  papers  read  before  the  Institution,  members 
■must,  I  think,  be  impressed  by  the  fact  that  there  seem 
to  be  so  manv  simple  ways  of  obtaining  amplification, 
and  yet  it  is  curious  no  one  particular  method  is  standard- 
ized as  superior  to  all  others.  The  reason  is  that  at 
present  each  different  t^-pe  of  amphfier  has  its  particular 
field  of  usefulness.  The  resistance  type  of  amplifier, 
if  it  is  built  properlv,  is  extremely  useful,  more  or  less 
because  of  the  extremely  wide  wave-length.  The 
inductive  types  are  inclined  to  suffer  in  their  total 
magnifications  if  the  curve  is  opened  out  by  any  altera- 
tion to  the  circuit.  If  I  may  refer  to  the  resistance 
amplifier  in  particular,  I  might  say  that  the  first  difficulty 
met  with  was  in  the  production  of  a  resistance  (R^  in 
the  paper)  without  much  capacity,  and  which  will 
not  itself  vary  at  any  time  during  its  operation,  because 
an3'  slight  variation  in  the  resistance  is  liable  to  affect 
the  final  highly-magnified  signals.  We  experienced 
difficulty  at  once  when  we  attempted  to  make  these 
resistances.  We  naturally  ran  quickly  through  all  the 
ordinary  forms  of  graphite  Unes,  Chinese  ink  on  paper, 
metal  lines  drawn  on  glass  and  burnished  with  an  agate 
so  as  to  weld  the  metal.  All  these  forms  proved  un- 
satisfictory,  and  at  the  author's  suggestion  I  carried 
<)>it  an  investigation  of  the  possibility  of  constructing 
resistances  using  the  fairly  well-kaown  method  of  making 
a  platinum  film  by  using  colloidal  platinum  such  as  is 
iisjd  in  the  production  of  ordinary  lustre- ware.  We 
achieved  a  good  deal  of  success  with  that  method, 
and  eventually  we  were  able  to  produce  resistances  up 
to  100,000  ohms  with  small  glass  plates  or  on  porcelain 
tubes  not  exceeding  4  inches  in  length  and  |  inch  in 
diameter.  At  the  same  time,  these  resistances  could 
carry  without  deteriorating  or  losing  their  efficiency 
a  much  larger  current  than  was  actually  used  by  the 
triodes  for  reception.  There  were  difficulties  connected 
with  the  production  of  th;se  platinum  resistances,  and 
other  investigators  working  in  the  same  field  produced 
alternative  forms  of  resistances  which  were  satisfactory, 
notably  the  resistance  composed  of  carbonized  cellulose 
made  by  Mr.  Mullard.  That  resistance  has  been  highly 
satisfactory  for  "  grid  leaks,"  and  we  also  found  it 
satisfactory  for  resistance-coupling  anode  currents. 
As  it  is  limited  to  rather  a  small  current,  if  one  wants 
to  deal  with  a  large  current  the  platinum  form  of 
re5istance  is  often  more  satisfactory  for  high  frequencies. 
There  is  one  other  thing  I  should  like  to  mention  which 
■was  referred  to  by  Professor  Howe,  namelv,  the  possibility 
•of  using  iron-core  high-frequency  transformers — I  have 
not  seen  much  work  done  in  that  direction.  We  had 
;a  few  iron-core  high-frequency  transformers,  but  as 
they  did  not  give  very  satisfactory  results  they  were 
discarded  in  favour  of  air-core  transformers. 

Captain  H.  J.  Round  :  I  should  like  to  mention  the 


question  of  very  high  amplification  and  valve  noises. 
I  have  carried  out  one  or  two  experiments  in  that 
direction.  I  noted  quite  early  that  the  valves  produced 
in.\merica  were  verj-  much  more  silent  than  the  English 
valves,  the  American  valves  having  oxide-coated 
filaments.  Secondly  I  noted  that  the  valve  noises  due  to 
the  filament  were  tremendously  decreased  by  using 
sharpl)-  tuned  amplifier  transformers,  particularly  with 
short  wave-lengths,  in  so  much  that  with  wave-lengths 
of  200  metres,  which  were  available  to  us  during  the  war, 
I  was  able  to  get  a  satisfactory  amplification  of  voltage  of 
half-a-million  high  frequency-,  practically  without  any 
valve  noises.  The  tuning  curves  were  extremely  sharp, 
and  the  result  was  produced  by  22  valves  in  cascade. 
It  was  quite  a  satisfactory  piece  of  apparatus  for  the 
operators  to  use;  in  fact  they  used  it  for  many  weeks 
without  an  engineer  being  present.  The  fact  that 
valve  noises  are  decreased  by  shortening  the  wave-length 
seems  to  indicate  that  the  pulses  producing  the  noises 
have  more  energy  in  the  long  waves  than  in  the  short 
waves.  The  fact  also  that  sharp  tuning  of  the  amplifier 
coupling  transformers  decreased  the  noises,  indicates 
that  their  energy  is  distributed  over  wide  ranges  of 
wave-length.  I  think  that,  with  care  in  design,  the 
author's  estimate  of  1,000  voltage  amplification  is  very 
much  on  the  low  side,  but  it  is  certainly  a  very  practical 
value  in  robust  amplifiers. 

Squadron  Leader  J.  Erskine-Murray,  R.A.F.  : 
I  think  the  paper  will  be  of  real  assistance  to  designers, 
as  it  is  practical  and  covers  the  fnndamental  part  of  the 
subject  very  well  indeed.  As  Professor  Howe  has  pointed 
out,  however,  it  leaves  many  real  difficulties  untouched  ; 
such  things  as  strav  capacities,  valve  noises,  and  the 
difference  between  the  static  and  kinetic  cliaracteristics. 
I  think  there  is  no  doubt  of  the  existence  of  this  difference, 
indeed  we  in  the  Air  Force  have  made  a  long  series  of 
experiments  on  it.  The  principal  result  obtained  is 
that  in  a  power  valve,  working  under  certain  inefficient 
conditions,  the  current  calculated  from  the  static 
characteristic  is  20  per  cent  less  than  that  observed.  By 
taking  a  phase  difference  other  than  iSo''  between  grid 
and  anode  voltages  in  the  static  characteristic  one  gets 
an  apparent  increase  of  current,  but,  unfortunately  for 
this  explanation,  the  efficiency  thus  calculated  disagrees 
badly  with  that  observed.  It  1  loks  as  if  there  might 
be,  during  the  idle  port  on  of  the  cycle,  i.e.  the  half- 
cycle  when  the  grid  is  most  negative,  some  collection 
of  electrons  between  the  filament  and  the  grid,  partially 
due,  perhaps,  to  momentary  rise  in  temperature  of  the 
outer  surface  of  the  filament.  Thus  the  emission 
during  the  idle  half-cycle  may  proWde  electrons  which 
are  suddenly  drawn  off  as  the  voltage  begins  to  rise. 
This  suggestion  of  course  requires  e.Kperimental  test, 
but  it  is  not  improbable  that  the  action  may  be  like 
that  described  by  Dr.  H.  S.  Sand,  in  the  case  of  an 
electrolytic  cell  in  which  one  gets  a  temporary  burst 
of  current  immediately  on  applying  the  voltage. 

Captain  J.  A.  Slee,  R.N  :  In  vi?w  of  the  rather 
curious  experience  I  have  had  during  the  war  in  handling 
amplifiers,  there  are  two  practical  points  of  some  interest 
which  I  should  like  to  mention  in  connection  with  valve 
noises.  One  is  that  the  difficulty  met  with  in  practice 
is  not  always  the  fault  of  the  valve  itself  but  of  the 
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supply  at  high  teasion.  In  the  old  days,  when  one  was 
dependent  upon  dry  batteries,  the  behaviour  of  those 
batteries  themselves  was  pecuHar,  and  a  great  many 
bad  amphfier  noises  were  traced  to  these  large  batteries 
of  dry  cells.  We  found  by  experience  that  the  matter 
was  made  very  much  worse  by  soldering  the  strips 
of  these  dry  cells  together  to  make  connection.  The 
heat  worked  along  the  metal  tabs  and  in  some  way 
decomposed  the  surrounding  electrolyte,  the  result 
being  noises  which  were,  I  suppose,  electrolytic.  From 
a  practical  point  of  view  the  result  was  appalling.  There 
is  another  very  great  difficulty,  although  one  is  at  a 
loss  to  put  any  highly  scientific  value  to  it,  due  to  the 
fact  that  the  circuits  frequently  would  not  give  us  the 
amplification  which  we  expected.  As  far  as  one  was  able 
to  trace  that  back,  it  was  due  to  an  absorption  of  energy 
in  the  surrounding  metal  bodies,  probably  bad  instru- 
ment construction,  and  was  largely  overcome  by  later 
practice.  It  was  essential  to  avoid  capacity  to  earth 
in  the  instrument  and  in  all  leads  going  to  it.  A  third 
point  has  cropped  up  in  the  practical  handling  of  ampli- 
fiers, namely,  that  in  the  general  nature  of  amplifiers 
everything  depends  so  much  upon  the  particular  ser- 
vice for  wliich  they  are  to  be  used.  If  we  could  rely 
upon  the  presence  of  highly  skilled  operators,  or  else 
on  the  quintessence  of  perfect  workmanship  in  the 
manufacture  of  amplifiers,  we  could  make  use  of 
one  or  two  valves  with  resonance  circuits  reacting 
upon  one  another  to  a  greater  or  less  extent  so  as 
to  bring  the  valves  up  to  the  verge  of  sustained 
oscillation  but  not  over  it.  Working  in  that  way 
enormous  amplification  could  be  obtained  with  a 
small  number  of  valves.  In  the  small  amount  of 
experience  which  I  have  had,  it  was  easier  to  handle 
the  shorter  waves  in  that  way.  Again,  when  we  came 
to  the  condition  of  using  transformer-coupled  valves, 
there  was  one  point  which  appeared  to  be  of  enormous 
importance,  namely,  the  ratio  of  the  step-up  of  the 
transformer  between  the  valves.  Setting  that  aside 
for  the  moment,  the  transformer  amplifier  gave  us 
comparatively  fiat  tuning  from  a  selective  point  of 
view,  but,  all  the  same,  tuning  was  present  unless  a 
large  resistance  was  included  in  the  transformer  windings. 
In  any  case,  in  practice  one  was  always  face  to  face 
with  the  choice  between  using  the  remaining  part  of 
one's  wireless  circuit  to  give  selectivity  when  using 
transformer  or  resistance  amplifiers,  or  of  not  relying 
upon  the  rest  of  one's  receiving  circuit  for  selectivity 
but  using  the  extraordinarily  sharp  peak  of  maximum 
amplification  which  can  be  obtained  at  the  point  of 
resonance  in  an  amplifier  whose  circuits  were  tuneable. 
Amplifiers  which  are  of  the  greatest  possible  service 
for  one  particular  class  of  work  might,  and  often  were, 
found  to  be  unsuitable  for  others,  either  because  the 
selectivity  was  absent  or  because  the  adjustment  of  the 
completed  instrument  was  too  difficult.  It  seems,  as 
a  practical  result,  that  there  is  room  for  the  three  types 
of  amplifier,  quite  separate  from  one  another.  Although 
it  has  never  been  my  fortune  to  have  to  make  such 
amplifiers  myself,  I  believe  that  one  of  the  outstanding 
difficulties  of  the  simplest-looking  form,  that  is  the 
resistance  amplifier,  is  to  get  steady  resistances.  The 
greatest  difficulty  in  making  a  satisfactory  transformer 


amplifier  is  to  get  wire  which,  when  wound  to  a  sufficiently 
high  inductance  and  resistance,  will  not  be  too  bulky. 
The  great  difficulty  with  the  tuned  type  is  to  arrange 
any  mechanical  means  which  will  obviate  the  necessity  of 
individual  tuning  of  every  one  of  the  circuits.  When 
we  have  one  valve  in  a  resonance  amplifier,  there  are, 
roughly  speaking,  three  adjustments  to  be  made.  We 
have  to  tune  the  grid  circuit  and  the  anode  circuit 
exactly  to  the  required  wave  and  to  adjiist  the  retro- 
action. If  we  use  two  valves  we  have  to  duphcate  that 
performance,  and  when  we  get  a  slight  discrepancy 
between  the  tuning  of  the  circuits  attached  to  the 
first  and  second  valves  we  run  the  risk  of  getting  both 
of  them  oscillating  on  frequencies  which  are  nearly 
the  same  and  thus  get  beats  of  audible  frequency. 
•The  result  is  that  for  anyone  who  is  not  thoroughly 
accustomed  to  handling  these  circuits,  it  is  extremely 
difficult  and  most  disheartening  for  the  operator,  unless 
he  can  keep  watch  on  a  fixed  wave-length,  when  he 
can  leave  the  adjustment  alone.  In  the  old  days  of 
soft  valves  it  was  almost  one  man's  work  to  drive  the 
valve,  and  another  man's  work  to  read  the  signal.  We 
were  then  working  with  ordinary  operators  having 
little  education,  and  it  was  an  exceedingly  difficult 
business  ;  but  that  is  rather  ancient  history.  I  have 
pointed  out  one  or  two  of  the  differences  between  theory 
and  the  practical  application  of  these  amplifiers  from 
the  point  of  view  of  those  who  have  to  handle  operators 
who  are  by  no  means  scientificallv  minded  or  scien- 
tifically trained.  It  should  always  be  borne  in  mind 
that  the  circuits  and  details  of  any  amplifier  must  depend 
to  a  great  extent  on  the  characteristics  of  the  valves 
to  be  used.  Circuits  which  will  suit  one  type  of  valve 
may  be  quite  unsuitable  for  valves  of  another  type. 

Mr.  B.  S.  Gossling  :  In  writing  what  may  well  prove 
to  be  a  classical  paper  for  the  subjects  considered,  the 
author  has,  I  think,  rather  disarmed  criticism  by  so 
carefully  defining  the  scope  which  he  intended  his 
paper  to  cover,  and  again  by  the  thoroughness  with 
which  he  has  included  all  the  electro-d3mamic  components 
which  are  reall}-  essential  to  the  action  of  the  circuit 
for  the  main  purpose  of  amplifying.  There  is  a  most 
important  point,  viz.  whether  the  statical  and  dynamical 
characteristics  of  the  valve  can  be  treated  as  the  same. 
The  amount  of  discrepancy  which  used  to  be  found 
between  the  calculated  and  the  observed  amplifications 
on  niultiple-valve  amplifiers  was  such  that  it  was 
necessary  to  suppose  a  very  considerable  difference, 
we  will  say  30  or  40  per  cent,  between  the  statically 
observed  characteristic  of  the  valve,  with  which  I  was 
most  concerned  myself,  and  the  characteristics  which 
one  would  expect  to  be  there  in  order  to  account  for  the 
observed  amplifications.  On  page  69  the  author 
puts  forward  the  suggestion  that  this  discrepancy 
may  be  due  to  surface  changes  in  the  filament,  in  the 
same  way,  apparently,  as  a  similar  phenomenon 
which  has  been  mentioned  by  Squadron  Leader  Erskine- 
Murray  in  connection  with  the  power  valves.  The- 
manner  in  which  this  was  put  incited  me  to  make  a 
small  calculation  dealing  with  this  point,  as  to  what  the- 
rapidity  of  the  most  obvious  type  of  surface  change  was 
likely  to  be,  namely,  the  type  of  surface  change  which 
is    apparently    responsible    for    the    difference    betweeni 
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the  static  and  the  dynamical  characteristic  in  the  power 
valve.  In  one  of  the  earliest  published  works  on  high- 
vacuum  apparatus  Langmuir  showed  very  clearly  that 
small  traces  of  gas  in  the  valve  can  very  appreciably 
depress  the  total  current  which  can  be  extracted  from 
the  filament  if  sufficiently  strong  fields  are  applied. 
If  the  statical  characteristics  of  high-power  valves 
which  are  not  exhausted  to  an  extremely  high  degree 
are  not  taken  very  rapidly,  this  effect  leads  to  a  false 
estimate  of  the  height  to  which  the  characteristic 
curve  rises,  and  in  many  cases  that  accounts  for  an 
apparent  discrepancy  between  the  amount  of  power 
delivered  by  the  v'alve  when  it  is  oscillating  and 
the  amount  of  power  which  one  would  expect  from 
characteristics  which  have  had  to  be  measured  com- 
paratively slowly.  One  would  think  that  that  kind 
of  effect  might  appear  in  the  smaller  valves.  The 
action,  as  explained  by  Langmuir,  is  that  the  positive 
ions  deri\'ed  from  the  residual  gas  impinge  on  the  surface 
of  the  filament  and  there  form  a  layer,  not  necessarily 
more  than  a  molecule  thick,  which  seriously  alters  the 
conditions  of  electron  emission  from  the  filament.  When 
we  -come  to  consider  how  it  would  work  in  this  case, 
the  simple  calculation  which  I  propose  to  give  shows 
that  it  is  quite  unhkely  that  the  tentative  explanation 
which  he  gives  is  the  true  one.  In  the  ordinary  receiving 
valve  the  number  of  positive  ions  present  is  comparatively 
small.  Suppose  we  take  a  numerical  case,  and  let  it 
be  that  of  a  receiving  valve  in  which  the  current  of 
positive  ions  coming  back  and  impinging  on  the 
filament  amounts  to  one-sixth  of  a  micro-ampere  (many 
will  reahze  that  that  is  a  rather  large  estimate  of  the 
stream  of  positive  ions  likely  to  be  coming  back)  ;  sup- 
pose also  that  the  area  of  the  filament  is  one-hundredth 
of  a  square  centimetre.  The  number  of  molecules 
required  to  cover  that  filament  with  a  single  layer  would 
be  one-hundredth  of  lo'®,  that  is  lo'-*  ;  the  number 
of  positive  ions  required  to  make  up  one-sixth  of  a 
micro-ampere  is  lo'-.  The  ratio  of  the  number  of 
molecules  required  to  the  rate  at  which  molecules  are 
being  supplied  tells  us  at  once  that  the  time  required 
to  coat  the  filament  with  only  one  layer  of  molecules 
would  be  loo  seconds.  That  is  a  surprisingly  long  time, 
but  it  does  agree  very  well  indeed  with  the  slow  rate 
of  variation  of  the  current  which  one  observes  on  first 
switching  on  a  fresh  valve  in  order  to  take  its  statical 
characteristics.  It  also  shows  very  clearly  that  this 
particular  cause  cannot  be  called  upon  to  explain 
any  regular  cyclical  variation  ha\dng  a  frequency  of 
thousands  or  hundreds  of  thousands  per  second. 
Smaller  changes  in  the  characteristics,  changes  of  a 
fraction  per  cent  such  as  one  would  require  to  assume  in 
order  to  -account,  for  valve  noises,  are  not  covered  by  the 
calculation  at  all.  It  is  very  likely  that  one  particular 
part  of  the  area  of  the  filament  may  be  more  responsible 
lor  the  form  of  the  characteristic  than  another,  and  a 
change  in  this  area  may  produce  a  sudden  minute  change 
in  the  characteristic,  which  would  give  one  a  noisy 
valve.  A  great  deal  has  been  said  about  the  subject 
of  valve  noises.  I  think  the  most  definite  thing  which 
has  been  established  with  regard  to  valve  noises  is  that 
thev  depend  in  very  large  measure  on  the  temperature 
of   the   filament.     The   higher   the   temperature   of   the 


filament,  whatev-er  its  composition,  the  greater  is  its 
tendency  to  make  a  noise  ;  and  it  is  rather  unfortunate 
that  the  valves  which  were  most  used  during  the  war 
were  standardized  to  work  at  a  filament  temperature 
which  is  just  over  the  noise-point  for  the  ordinary 
tungsten  usually  employed  in  electric  lamps.  It  is 
an  example  of  the  way  standardization  ties  one  to  a 
particularly  difficult  piece  of  apparatus  where  a  fuller 
knowledge  at  the  time  of  the  original  design  would 
have  entirely  avoided  the  difficulty.  In  that  connection 
I  am  a  little  inclined  to  take  exception  to  Professor 
Howe's  remarks  about  the  title  of  the  paper.  I  take  it 
that  what  the  author  had  in  mind  in  selecting  that  title 
must  have  been  the  deliberate  design  of  multiple-stage 
amplifiers  basing  the  design  on  a  connected  theory, 
rather  than  an  empirical  design  based  on  general 
experience.  In  conclusion  I  should  like  to  say  that  a 
compact  and  readilv-comprehensible  summary  of  the 
mode  of  action  of  so  complicated  an  instrument  as  the 
multiple-valve  amplifier,  invohang,  as  it  does,  a  very 
large  number  of  variables,  is  extremely  useful  to  those 
who  happen  to  be  concerned  with  the  design  of  valves 
which  are  to  be  used  for  these  amplifiers.  The  valve 
itself  unfortunately  involves  a  very  large  number  of 
variables,  and  unless  the  corresponding  variables  on  the 
circuit  side  can  be  reduced  to  manageable  formula, 
effective  collaboration  between  the  people  concerned 
with  the  valves  and  those  occupied  with  the  circuits 
becomes  practically  impossible,  and  it  also  becomes 
practically  impossible  to  hope  that  anyone  will  arise 
who  is  likely  to  be  capable  of  developing  both  valve 
and  circuit  at  the  same  time.  I  think  Captain  Round 
has  gone  further  in  that  direction  than  anybody,  but 
I  am  inclined  to  think  that  the  comphcations  now 
arising  in  the  subject  may  very  likely  prove  to  be 
beyond  even  his  power. 

Mr.  J.  Scott-Taggart  :  Although  the  author  has 
described  a  number  of  cases  of  valves  used  in  cascade 
for  amplification  purposes,  yet  no  mention  has  been 
made  in  the  paper,  or  in  the  discussion,  of  several  forms 
of  retro-active  coupling  of  great  value  in  multi-stage 
amplifiers.  The  methods  described  in  the  paper  consist 
in  employing  magnetic  couphngs  or  capacitative  coup- 
lings between  the  plate  of  the  last  valve  and  the  grid  of 
the  first.  Retro-active  amplification  may  be  obtained 
not  only  by  coupling  the  plate  of  the  last  valve  to  the 
grid  of  the  first,  but  by  making  suitable  connections 
between  any  of  the  intermediate  valves.  The  con- 
dition for  retro-active  amplification  is  that  when 
the  potential  of  the  plate  increases,  that  of  the  grid 
of  the  preceding  valve  chosen  should  also  be  rising, 
and  vice  versa.  If  a  condenser  is  now  connected 
across  the  plate  and  grid,  retro-action  is  obtained, 
and  if  the  condenser  is  of  sufficient  capacity,  self- 
oscillation  is  set  up.  In  a  resistance  amphfier,  the 
sign  of  the  plates  changes  at  each  valve.  Consequently, 
retro-action  would  be  obtained  by  connecting  the  last 
plate  to  the  first  grid  of  an  amplifier  possessing  two, 
four,  six,  eight  or,  in  short,  an  even  number  of  valves. 
If  an  odd  number  of  valves  were  used,  absorption — 
the  opposite  to  amphfication — would  take  place,  and 
the  greater  the  capacity  the  less  would  be  the  amplifica:- 
tion  and  the  less  the  tendency  to  oscillate.     In  general. 
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we  can  sav  that  retro-active  amplification  is  obtained 
when  the  coupUng  condenser  connects  the  plate  and 
grid  of  valves  adjacent  to  each  other  or  separated  by 
an  even  number  of  valves.  Obviously,  the  greater 
the  number  of  valves  in  between,  the  more  critical 
is  the  adjustment  of  the  coupling  condenser,  which 
then  requires  to  be  of  very  small  dimensions.  Owing 
to  the  difficulty  of  ensuring  regular  working,  it  is  desir- 
able to  arrange  the  coupling  between  the  plate  of  one 
valve  and  the  plate  of  a  previous  valve  in  the  series. 
The  retro-action  is  now  weaker  and  allows  of  a  more 
gradual  adjustment.  The  coupling  condenser  should 
now  be  connected  across  an)'  two  plates  which 
are  undergoing  potential  changes  of  the  same  sign, 
as,  for  example,  the  first  and  third,  third  and  fifth, 
first  and  seventh,  and  so  on.  In  the  paper  no  mention 
is  made  of  the  retro-action  obtainable  by  connecting 
a  high  resistance  of  the  order  of  lo  megohms  across 
the  plate  of  one  valve  and  the  grid  of  a  previous  valve, 
or  the  plate  of  one  valve  and  the  plate  of  another.  In 
this  case  the  resistance  takes  the  same  place  as  the 
coupling  condenser,  and  it  would  be  interesting  to  have 
niathematical  data  regarding  the  retro-active  effect 
of  a  given  resistance  under  these  conditions.  Another 
form  of  retro-active  coupling  not  mentioned  consists 
in  connecting  the  filament  side  of  the  grid  circuit  of, 
say,  the  initial  valve  to  a  suitable  point  on  the  resistance 
included  in  the  plate  circuit  of  one  of  the  subsequent 
valves.  The  calculation  of  the  retro-action  (producing 
amplification  or  absorption)  is  in  this  case  quite  straight- 
forward. The  question  of  self-oscillation  in  multi- 
stage amplifiers  has  been  raised.  This,  of  course, 
may  be  accomplished  by  employing  one  or  other  of 
the  various  means  of  obtaining  retro-active  absorption. 
Another  method  which  has  its  uses  consists  in  con- 
necting a  large  capacity  in  series  with  a  high  resist- 
ance across  the  input  oscillatory  circuit.  This  method 
is  especially  applicable  when  iron-core  low-frequency 
amplifiers  are  used  for  long-wave  reception  and  when 
such  amplifiers  tend  to  oscillate  of  their  own  accord. 
A  damping  arrangement  of  this  nature  might  be  applied 
to  many  different  amplifier  circuits  if  placed  across 
any  circuit  liable  to  oscillate  continuously.  Although 
not  coming  within  the  scope  of  the  paper,  amplifier 
noises  have  received  considerable  attention  in  the 
discussion.  It  has  not,  however,  been  pointed  out  that 
these  noises  occur  chiefly  in  those  amplifiers  which 
employ  a  form  of  inter-valve  coupling  which  passes 
on  low-frequency  current  variations.  Valve  noises 
are  of  low  frequency,  and  consequently  an  amplifier 
which  only  passes  on  the  liigh-frequency  variations 
of  plate  current  will  work  more  quietly  than  a  low- 
frequency  amplifier  or  high-frequency  amplifier  capable 
•of  being  used  as  a  low-frequency  amplifier.  Amplifiers 
employing  iron-core  transformers  (which  are  usually 
used  for  low-frequency  amplification  although  Latour 
has  also  used  them  for  high  frequencies)  are  usually 
the  most  noisy.  High-frequency  amplifiers  employing 
air-core  transformers  are  naturally  more  silent.  Any 
irregularities  of  plate  current  in  the  first  valve  will 
not  be  induced  to  any  appreciable  extent  into  the  grid 
■circuit  of  the  second  valve,  and  this  will  be  especially 
the  case  if   the  coupling  between   the  plate  and  grid 


oscillatory  circuits  is  loose.  Resistance  amplifiers, 
if  well  designed,  are  silent.  This  is  the  case  when  the 
resistance  amplifier  is  iaitended  to  magnify  only  the 
high-frequency  current.  If  the  grid  and  filament  of 
a  valve  in  a  series  is  connected  across  the  high  resist- 
ance in  the  plate  circuit  of  the  preceding  vahe, 
not  only  will  high-frequency  oscillations  be  passed 
on  but  also  any  valve  noises  due  to  variations  in  the 
electronic  plate  current  of  the  first  valve.  In  order 
to  filter  out  these  low-frequencj-  variations,  a  stopping 
condenser  of  very  small  capacity  may  be  inserted  be- 
tween grid  and  resistance.  Being  of  small  capacitj' 
this  condenser,  besides  insulating  the  grid  from  the 
voltage  drop  across  the  resistance,  will  otter  a  high 
reactance  to  low-frequency  variations  while  allowing 
oscillating  electromotive  forces  to  be  impressed  on 
the  grid.  When  separated  plate  and  filament  batteries 
are  used  another  condenser  may  be  connected  between 
the  resistance  and  the  filament.  Besides  making  the 
amplifier  more  silent,  the  stopping  condenser  prevents 
any  rectified  pulses  produced  in  the  earlier  valves 
from  being  amplified,  only  the  high-frequency  com- 
ponents being  passed  on  Such  amplifiers  possess 
the  property  of  amplifying  weak  signals  to  a  greater 
extent  than  strong  signals.  It  may  be  added  that  most 
of  the  work  on  resistance  amplifiers  has  apparently 
been   carried  out   by   Brillouin   and   Beauvais. 

Dr.  W.  H.  Eccles  :  I  will  take  the  opportunity  to 
emphasize  a  point  which  one  of  the  previous  speakers 
referred  to.  Such  calculations  as  those  in  the  paper 
are  valid  whenever  one  has  a  definite  frequency  to  deal 
with.  Lest  anyone  should  think  that  in  wireless 
practice,  for  instance  the  case  of  the  note  magnifier 
discussed  by  the  author,  the  method  is  not  applicable, 
I  would  remind  them  that  when  signals  are  being 
received  between  fixed  stations,  especially  where  one 
would  propose  to  use  amplifiers,  say  between  Rome  and 
Annapolis,  the  note  is  either  fixed  as  a  spark  note  or  is 
adjustable  as  a  heterodyne  note,  and  therefore  the 
analysis  is  quite  valid  for  the  audio  frequencies  of  wire- 
less telegraphy.  It  would  not  apply  so  well  to  the  use 
of  amplifiers  for  picl-ung  up  miscellaneous  frequencies  such 
as  sounds  under  water  or  sounds  in  the  air,  but  in  the 
places  where  the  author  applies  it  to  wireless  telegraph 
problems  in  general  the  analysis  is  in  my  opinion  a 
trustworthy  solution.  My  first  experience  of  an 
amplifier  was  with  a  three-stage  audion  amplifier, 
supplied  by  Dr.  de  Forest  before  the  war.  It  enabled 
one  to  pick  up  signals  in  the  middle  of  the  Pacific  from 
very  great  distances  in  all  directions.  That  experience 
opened  my  eyes  to  the  possibilities  of  the  amplifier, 
and  when  I  got  home  I  tried  to  make  one,  and  met 
many  of  the  difficulties  mentioned  in  the  paper,  which 
although  mainly  a  theoretical  one  abounds  with  numerous 
practical  hints,  although  they  are  not  all  explicith- 
stated.  For  instance,  the  capacity  between  the  anode 
and  the  grid  is  dealt  with,  and  also  the  retro-action 
between  parts  of  the  circuit  by  accidental  capacity- 
or  accidental  mutual  inductance  between  leads.  The 
author  mentions  things  like  the  necessity  for  good 
contacts,  good  batteries,  steady  voltages,  and  m.is- 
cellaneous  things  of  that  kind.  Anyone  who  tries 
to  make  an  amplifier  will  come  up  against  these  points 


USING   THREE-ELECTRODE   THERMIONIC   VALVES:    DISCUSSION. 


81 


and  will  be  grateful  to  the  author.  In  conclusion 
we  are  able  to  congratulate  ourselves  that  we  have 
seen  something  of  what  the  Silent  Navy  has  been  doing 
during  the  past  few  years  as  regards  amplifiers.  Doubt- 
less a  great  deal  of  this  paper  has  been  used  in  design 
work  in  the  Admiralty  durmg  these  years. 

Professor  E.  'W.  Marchant  {comivunicaied)  :  There 
are  one  or  two  points  in  connection  with  this  paper  about 
which  I  should  like  to  have  further  information.  On 
page  66,  when  dealing  with  the  damping  of  the  anode 
circuit  of  the  valve  amplifier,  the  assumption  is  made 
that  the  damping  resistance  is  made  up  of  two  parts  : 
(a)  resistance  of  the  circuit,  and  [b)  the  equivalent 
resistance  due  to  the  resistance  of  the  tube  in  parallel 
with  the  circuit.  It  is  a  little  difficult  to  see  what  is 
the  justification  for  the  assumption  that  the  oscillating 
circuit  simply  consists  of  the  condenser  C^,  and  self- 
induction  Lj,  with  the  tube  in  parallel  with  it.  The 
anode  circuit  and  battery  are  to  be  regarded  as  the  source 
of  the  oscillations  which  are  produced  in  the  resonant 
circuit  ;  and  if  this  is  the  case,  the  anode  path,  i.e. 
the  path  from  the  anode  to  the  filament,  is  in  series 
with  the  battery,  and  presumably  the  total  resistance 
of  the  circuit  will  have  to  be  the  sum  of  the  resistance 
of  the  tube,  the  resistance  of  the  battery  (which  is 
usually  shunted  by  a  large  condenser),  and  the  equi- 
valent resistance  of  the  oscillating  circuit.  It  would, 
I  think,  be  enlightening  to  have  a  further  explanation 
of  the  sentence,  that  the  "latter  component  decreases 
with  a  decrease  in  the  ratio  of  Lj/C^  and  \'ice  versa." 
If  La  is  large,  then  it  is  clear  that  the  effective  resistance 
of  this  circuit  will  be  relativelv  greater,  and  if  this  is 
so,  the  effect  of  the  resistance  of  the  anode  path  in 
series  with  it  should  be  relatively  smaller.  This  view 
of  the  matter  results  in  the  same  conclusion,  as  that 
stated  by  the  author,  viz.  "  That  a  circuit  having  a 
very  high  ratio  of  La/Q  is  inefficient  in  an  amplifier," 
but  this  is  due  to  the  relatively  high  effective  resistance 
of  the  oscillating  circuit,  i.e.  (L^  w/R^)  is  a  large  quantity 
in  such  a  circuit.  On  page  72  there  is,  I  think,  a  misprint ; 
if  the  transformer  has  a  voltage  ratio  of  p  the  current 
ratio  will  be  i/p  and  not  p=.  On  page  73  also  at  the 
foot  of  the  first  column,  the  mean  power  supplied 
by  the  amplifier  should  be  a{lv'.)  and  not  a{lv,Y. 
I  hope  the  author  will  be  able  to  give  some  information 
as  to  the  practical  improvements  that  have  been 
effected  by  the  design  of  valve  circuits  in  accordance 
with  the  methods  which  he  has  set  forth.  Most  people 
have  not  had  the  good  fortune  to  deal  experimentallv 
with  valves  very  much  during  the  last  year  or  so,  and 
it  would  be  interesting  if  he  could  give  some  information 
on  the  results  he  has  obtained. 

Professor  C.  L.  Fortescue  {in  reply,  communicated)  :  I 
With  regard  to  Professor  Howe's  initial  criticism,  the  j 
variety  of  the  points  raised  during  the  discussion  is  in 
itself  a  sufficient  answer.  In  one  single  paper  it  is  not 
possible  to  deal  with  all  aspects  of  such  a  complex 
subject.  The  author  unfortunately  had  not  seen 
Latour's  latest  paper,  and  the  circumstances  under 
which  he  proposes  to  neglect  the  grid-anode  capacity 
in  the  valve  were  therefore  unknown  to  him.  As 
pointed  out  in  the  paper,  the  cross  capacity  is  of  the 
greatest    importance    under    almost    all    conditions    of 
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operation,  and  to  neglect  it  means  that  all  notice  of  retro- 
action is  being  omitted.  Professor  Howe's  suggested  ex- 
planation of  the  possible  difference  between  the  static  and 
high-frequency  characteristics  seems  hardly  sufficient  to 
explain  the  loss  of  amplification  sometimes  observed. 
In  the  valves  commonly  used  for  amplifying,  the  watts 
expended  in  the  filament  are  in  the  neighbourhood 
of  3.  The  additional  watts,  due  either  to  the  bombard- 
ment by  positive  ions  or  to  the  emission  current  passing 
along  the  filament,  are  probably  less  than  i  per  cent 
of  this  amount.  Moreover,  the  valves  are  usually 
working  below  the  saturation  point  where  considerable 
changes  of  the  filament  current  cause  very  little  change 
in   the  amplification. 

Squadron  Leader  Erskine-Murray  and  Mr.  GossUng 
also  discussed  this  question.  The  effect  observed  in  the 
transmitting  valves  is  well  explained  by  the  contamina- 
tion of  the  surface  of  the  filarnent.  But,  as  Mr.  Gossling 
pointed  out,  this  effect  is  quite  inadequate  to  explain 
any  high-frequency  effect.  The  fact  that  the  valves 
are  working  below  saturation  is  in  itself  almost  sufficient 
to  rule  it  out  This  is  a  problem  requiring  further 
investigation.  It  mav  be  that  it  is  not  the  valve  that 
is  at  fault.  The  errors  may  lie  in  the  method  of  measuring 
the  amplification  or  in  the  methods  of  measuring  the 
capacities  in  the  valve.  But  against  the  latter  theory 
is  the  fact  that  with  the  inductance  amplifiers  depend- 
ing upon  the  valve  capacities  for  resonance,  the  observed 
resonance  points  agree  with  the  calculations.  Possibly 
the  explanation  is  to  be  found  external  to  the  valves 
or  circuits  as  suggested  bv  Captain  Slee. 

\\'ith  regard  to  Mr.  Turner's  remark  that  the 
mathematical  treatment  is  so  cumbrous  that  resort 
IS  usually  made  to  practical  trial,  it  should  be  borne 
in  mind  that  a  little  arithmetic  may  be  cheaper  than 
making  up  several  trial  instruments.  And  not  only 
that,  actual  calculation  generallv  brings  out  the  relative- 
importance  of  the  various  factors  with  more  certainty 
than  practical  trial  of  complete  instruments.  The  point 
raised  by  the  same  speaker  that  amplification  should 
always  take  place  at  the  best  possible  adjustment 
of  grid  voltage  is  extremely  important  and  is  very 
often  overlooked.  It  is  largely  a  matter  of  valve 
design,  the  ideal  amplifying  valve  being  one  having 
a  short  straight  part  of  the  anode  characteristic 
occurring  at  the  same  grid  voltage  as  the  first  quick 
increase  in  the  slope  of  the  grid  curve.  Such  a  valve 
would  be  stable  and  would  amplify  small  signals^^ 
more  than  large  ones.  Mr.  Turner  advocates  amplifica- 
tion by  reaction,  i.e.  by  means  equivalent  to  introducing 
negative  resistance  into  the  input  circuit.  It  is  the 
author's  experience  that  to  obtain  high  amplification 
in  this  way  always  leads  to  unduly  critical  adjust- 
ments. It  is  interesting  to  hear  that  the  resistance 
coupled  "  Kallirotron  "  is  an  improvement  in  this  re- 
spect. This  may  possibly  be  due  to  the  resistances 
having  a  steadying  effect  on  the  valve. 

Mr.  Catterson-Smith  has  spoken  nf  the  curves  of 
amplification  obtained  with  the  various  types  of 
amplifiers.  It  is  of  interest  to  :.  '.:■  that  the  pure 
resistance  amplifier  can  be  given  a.  ;.  itain  amount  of 
selectix-itv  by  using  very  small  grid  coupling  capacities 
in  the  early  stages,  as  pointed  oat  b\-  Mr.  Scott-Taggart. 
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It  is  believed  that  one  of  the  objects  of  the  designers 
in  giving  tlie  well-lcnown  Frencli  amplifiers  tins  property 
was  to  reduce  the  valve  noises.  The  author  regrets 
that  he  cannot  agree  with  Mr.  Scott-Taggart  that  the 
resistance  amplifiers  are  always  quiet.  In  many 
cases  they  have  been  very  noisy  indeed.  To  some 
extent  the  coupling  resistances  were  to  blame  and 
Mr.  Catterson-Smith's  remarks  on  the  difficulties  that 
were  experienced  in  constructing  satisfactory  resistances 
of  very  small  self-capacity  are  of  interest.  Captain 
Slee  drew  attention  to  the  fact  that  in  the  early  days 
the  noises  were  frequently  due  to  defective  batteries. 
With  the  modern  amplifiers  ha\'ing  large  capacities 
across  the  high-voltage  supply,  this  source  of  trouble 
is  practically  eliminated.  The  author  has  seen  an 
amplifier  worl-dng  in  which  the  high-tension  battery  could 
be  disconnected  and  yet  the  signals  came  in  quite  well 
for  at  least  lo  seconds.  But  in  spite  of  this  the  valve 
and  other  noises  were  still  present. 

The  question  of  valve  noises  was  also  discussed  by 
Captain  Round,  who  said  that  with  short  wa^•es  and 
tuned  circuits  he  had  had  no  great  difficulty.  This 
no  doubt  is  due  to  the  fact  that  at  the  relatively  low 
frequency  of  the  valve  noises  the  impedances  of  the 
circuits  he  was  using  were  quite  small  ;  in  other  words, 
his  amplifier  was  a  verj'  bad  one  at  the  low  frequency. 
Mr.  Gossling,  also  discussing  valve  noises,  remarked 
that  there  was  a  clearlv  defined  temperature  at  which 
they  set  in.  It  is  undoubtedly  a  fact  that  for  a  given 
amplification  the  lower  the  temperature  of  the  filament 
the  less  are  the  noises.  But  it  is  the  author's  experience 
that  the  noises  always  set  in  just  as  the  emission  becomes 
free,  and  he  concludes  from  this  that  the  source  of  the 
noises  has  something  in  common  with  the  source  of 
the  emission.  The  American  valves  having  coated 
filaments  and  working  at  much  lower  temperatures  are 
much  less  noisy,  as  mentioned  by  Captain  Round. 
But  the  noises  are  not  entirely  absent  in  spite  of  the 
low  filament  temperature.  Again,  short  filaments  of 
which  the  central  portions  are  very  hot  are  notoriously 
noisy,  which  suggests  that  the  irregularities  may  depend 
principally  on  the  electron  emission  per  square  millimetre. 
The  .\merican  valves  ha^'e  long  filaments  and  there- 
fore a  low  intrinsic  emission.  It  is  the  author's 
opinion  that  the  further  development  of  the  high-power 
amplifier  is  principally  dependent  on  the  elimina- 
tion  of   these  noises,  and  careful  trials  of  the  low-tem- 


perature coated  filament  should  undoubtedly  be  carried 
out. 

Mr.  Scott-Taggart  mentioned  many  dift'erent  ways 
of  obtaining  retro-action  and  of  connecting  the  anode 
circuit  of  the  one  valve  to  the  grid  of  the  next.  It 
does  not  appear  that  any  definite  rules  can  be  laid  down 
that  will  cover  all  the  various  t3^pes  of  amplifiers  in 
use.  With  untuned  amplifiers  a  well-designed  capacity 
coupling  generally  gives  good  results.  But  with  tuned 
circuits  either  capacity  or  magnetic  coupling  appears 
to  be  equally  good.  In  general,  the  more  complicated 
arrangements  which  are  only  suitable  for  a  particular 
frequency  should  be  avoided.  The  author  has  had 
no  experience  of  the  resistance  coupling  between 
grid  and  anode  for  retro-action.  With  regard  to 
the  grid  connections,  it  is  usually  preferable  to  use  those 
arrangements  giving  circuits  of  the  lowest  impedance 
at  the  low  frequency  of  the  valve  noises. 

\\'ith  regard  to  Dr.  Eccles'  remarks  on  the  applic- 
ability of  the  mathematical  treatment  to  the  case  of 
noises  Where  the  impulses  are  not  in  the  form  of  sine 
waves,  this  depends  upon  the  decrement  of  the  inter- 
valve  circuits.  For  a  resistance  or  heavily  damped 
inductance  amplifier  the  results  are  applicable  practically 
as  they  stand.  For  a  tuned  amplifier  the  results,  as 
pointed  out  in  the  paper,  obviously  only  apply  for 
relatively  undamped  impulses. 

Professor  Marchant  raises  the  question  of  the  ac- 
tion of  the  valve  as  a  resistance  across  the  R.^,  La.  Ca 
circuit  of  Fig.  3.  Any  change  in  the  voltage  across 
the  anode  circuit  causes  a  corresponding  change  in 
the  anode  current  quite  independently  of  changes 
in  the  grid  voltage,  with  the  result  that  the  valve 
may  be  looked  upon  as  a  resistance  of  numerical 
value  : — 

(Change  of  anode  voltage)  -^  (Change  of  anode  current) 
connected  in  parallel  with  the  anode  circuit.  This 
naturally  leads  to  an  increase  in  the  damping  as  the  ratio 
La/Ca  is  increased,  irrespective  of  the  actual  resistance 
of  the  inductance  itself.  It  may  be  observed  that  with 
inductances  of  a  given  design  the  ratio  Ra'La  is  constant. 
The  damping  of  the  circuit  from  this  source  will  therefore 
be  constant.  As  to  the  practical  application,  this  was 
very  generously  dealt  with  bv  Mr.  Catterson-Smith,  to 
whom  the  author  is  indebted  for  a  large  part  of  the 
experimental  basis  on  which  the  mathematical  treat- 
ment rests. 
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(From    the   National   Physical   Laboratory.) 

(Paper  received  lo  October,  and  read  before  The  Institution'  27  November,   1919.) 


1.  Synopsis. — This  paper  describes  a  series  of  experi- 
ments undertaken  at  the  request  of  the  Admiralty 
(D.T.M.  Dept.)  and  is  pubUshed  by  permission.  Their 
object  was  : — 

(j)  To  develop  the  best  method  of  testing  carbons 
in  order  to  prove  their  value  for  searchlights. 

(6)  To  compare  the  relative  quahties  of  existing 
carbons,  other  than  flame  carbons,  for  pro- 
ducing high-intensity  searchlight  beams. 

(c)  To  determine  what  improvement  can  be  made 
either  in  the  carbons  themselves  or  in  the 
methods  of  burning  them. 

It  was  at  first  proposed  to  make  measurements  of 
illumination  at  difierent  parts  of  a  searchlight  beam 
under  actual  working  conditions  in  the  open,  but  the 
sources  of  error  encountered  were  so  great  as  to  cause 
this  method  to  be  abandoned  in  favour  of  an  indoor 
method  of  test,  at  any  rate  for  the  first  series  of  experi- 
ments. 

In  the  Laboratory-  the  carbons  were  burned  in  an 
integrating  photometer  of  cubical  form,  and  simulta- 
neous measurements  were  made  of  the  average  candle- 
power  given  by  the  arc  and  of  the  surface  brightness 
of  the  positive  crater.  The  apparatus  is  full)'  described 
in  the  body  of  the  paper  and  illustrated  diagrammatically 
in  Fig.   1. 

By  this  method  a  comparison  was  made  of  13  different- 
types  of  carbons,  both  those  already  in  use  in  the  British 
and  French  Ser\ices,  and  others  specially  prepared  by 
the  General  Electric  Company.  Experiments  were 
made  with  two  devices  having  for  their  object  the 
control  of  the  arc  and  its  maintenance  in  a  central  part 
of  the  crater  to  ensure  even  burning  of  the  carbons. 

One  of  these  was  an  electromagnetic  device,  while 
the  other  depended  upon  a  slow  rotation  of  the  posi- 
tive carbon.  For  high  current  densities  (0-3  ampere 
per  sq.  mm.  and  over)  it  was  necessary  to  copper 
both  positive  and  negative  carbons.  It  was  found 
that  while  change  of  potential  difference  on  the  arc 
produced  no  definite  detectable  change  of  candle- 
power,  an  increase  in  arc  length  beyond  a  certain  value 
produced'  a  decrease  both  of  crater  briUiancy  and  of 
candle-power.  It  seems  likely  that  if  allowance  is 
made  for  the  light  obscured  by  the  negative  carbon, 
the  shortening  of  the  arc  will  be  found  to  produce  an 
increased  average  candle-power  even  at  short  arc 
lengths,   but  the   exact  amount  of  the  obscuration  is 


dif&cult  to  determine  with  accuracy,  as  is  shown  in 
section  19  of  the  paper. 

In  general  it  seems  to  be  clearly  established  that  for 
any  one  carbon  the  candle-power  increases  linearly 
with  the  current,  while  the  crater  brightness  also  shows 
a  real  increase,  though  its  magnitude  is  not  sufficient 
to  determine  the  form  of  the  relationship  in  this  case. 

For  the  tj'pes  of  carbon  considered,  and  apart  from 
smoothness  of  running,  there  seems  to  be  no  definite 
difference  of  any  magnitude  either  in  average  candle- 
power  or  crater  brightness  for  carbons  of  the  same 
diameter  run  at  the  same  current.  The  efficiencj'  in 
candle-power  per  ampere  increases,  however,  for  the 
same  current  densitj-  as  the  diameter  of  the  positive 
carbon  is  increased. 

i.  Methods  of  Test. 

2.  Open  air  measurements. — When  the  investigation 
was  started  it  was  expected  that  large  difi'erences  would 
be  found  in  the  light  yielded  by  the  various  carbons, 
and  it  was  proposed  to  burn  them  in  a  searchhght  in 
the  open,  measuring  the  intensity  of  the  resulting 
beam.  It  weis  reahzed  that  varj'ing  atmospheric 
conditions  and  differences  in  the  carbons  themselves 
would  be  disturbing  factors,  but  it  was  hoped  that  with 
careful  arrangements  for  estimating  the  atmospheric 
scattering  of  the  light  and  by  taking  the  average  of 
a  large  number  of  readings,  these  factors  would  become 
inappreciable  compared  with  the  differences  in  the 
light  emitted  by  the  carbons  themselves.  Searchhghts 
were  therefore  set  up,  and  an  800-yard  horizontal 
course  was  arranged  from  the  Laboratory'  across  Bushey 
Park.  The  measuring  station  at  the  other  end  of  the 
course  was  fixed,  and  the  projector  in  use  was  turned 
through  the  necessary  angles.  These  were  measured 
by  means  of  a  telescope  fi.xed  to  the  case  and  sighted 
on  to  a  distant  scale.  Arrangements  were  also  made 
so  that  an  image  of  the  arc  was  projected  on  to  a  screen, 
and  thus  it  was  possible  accurately  to  fix  the  po.sition 
of  the  positive  crater  with  reference  to  the  projector 
mirror. 

For  measuring  the  loss  of  light  due  to  atmospheric 
scattering,  an  Ediswan  tungsten  arc  (PcLitoHte) 
lamp  was  used  in  the  focus  of  a  second  searchlight 
mirror  and  the  beam  projected  along  the  course  to  a 
photometer  300  yards  away.  The  other  side  of  the 
photometer  received  a  second  beam  of  the  same  light 
which  had  been  reflected  by  opticallj'  ground  mirrors 
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so  that  it  travelled  through  a  length  of  the  atmosphere 
some  2^  times  as  long  as  the  direct  beam.  It  was 
expected  by  comparing  the  intensities  of  these  two 
beams  to  obtain  a  sufficiently  accurate  estimate  of  the 
atmospheric  condition  to  enable  corrections  to  be 
applied  to  the  illumination  measurements.  It  was 
found,  however,  that  the  actual  differences  of  beam 
intensity  yielded  by  the  different  carbons  (other  than 
special  flame  carbons)  were  relatively  small,  and  that 
the  various  sources  of  uncertainty  in  the  conditions 
were  sufficient  to  mask  such  differences  completely. 

3.  Sources  of  uncertaintv  of  measurements  in  ilie  open. 
— Before  passing  to  the  alternative  method  of  procedure 
it  is  desirable  to  discuss  some  of  the  difficulties  met 
with  in  measurements  out  of  doors. 

(a I  Scattering  of  light  bv  particles  of  moisture. — Very 
often    the     atmosphere     in     the    daytime   is      exceed- 


in  brilliancy  which  were  sometimes  noticed  in  the  course 
of  a  set  of  readings  lasting  for,  say,  30  minutes. 

Probably  a  clear  breezy  night  gives  the  best  promise 
of  good  atmospheric  conditions,  but  a  breeze  often 
drops  when  darkness  sets  in  and  bad  conditions  again 
prevail. 

(;;)  Draughts  in  the  searchlight. — Broken  weather 
with  considerable  wind,  if  not  actually  rainy,  causes 
a  bad  condition  of  draught  m  the  searchlight  and 
irregular  burning  of  the  carbons. 

(c)  Position  of  positive  carbon  in  relation  to  the  niirrcr. 
— When  the  arc  is  burning  well  there  is  little  difficulty 
in  ensuring  that  the  position  of  the  crater  is  correct 
in  relation  to  the  mirror,  but  any  slight  burning  away 
on  one  side  makes  this  uncertain  and  causes  the  distri- 
bution of  illumination  over  the  beam  to  change. 

{d)    Variations    in    the    carbons    themselves. — A    given 
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Fig.   I. — Diagram  of  apparatus,  etc. 


ingly  clear,  giving  promise  of  a  fine  night  for  measure- 
ments, but  shortly  after  dark  the  illumination  in  a 
searchlight  beam  is  found  to  be  falling.  When  this  is 
first  noticed  the  atmosphere,  to  ordmary  observation, 
does  not  appear  to  be  very  different,  but  when  the 
illumination  has  fallen  by  some  25  per  cent  the  scatter- 
ing of  the  light  becomes  noticeable.  Two  nights  both 
adjudged  to  be  clear  have  been  found  to  yield  differences 
in  illumination  of  more  than  25  per  cent.  Over  the 
course  in  Bushey  Park  a  still  night  in  fine  weather  never 
remains  clear  sufficiently  long  for  a  proper  series  of 
measurements.  The  atmosphere  is  also  patchy  ;  at 
one  moment  it  may  be  reasonably  clear  and  at  another 
a  local  cloud  of  haze  may  drift  over  one  section  of  the 
course.  This  may  readily  be  seen  in  misty  weather, 
but  the  same  condition  must  exist  in  a  lesser  degree 
when  the  haze  is  too  attenuated  to  be  observed.  This 
accounts  for  the  appreciable    up    and   down    variations 


tvpe  of  carbon  does  not  yield  uniform  results,  nor 
does  one  carbon  over  its  whole  length.  Differences  may 
amount  to  as  much  as  33  per  cent.  It  is  necessary  to 
obtain  the  average  behaviour  of  a  large  number  of 
carbons  of  anv  one  type  before  a  conclusion  can  be 
drawn  as  to  relative  merits. 

(e)  Mirror. — Results,  to  be  comparable,  must  clearly 
be  made  with  the  same  mirror  and  apart  from  it  are 
not  likely  to  have  any  absolute  value. 

(/)  Measuring  apparatus.  —  Measuring  apparatus, 
which  is  necessarily  of  a  portable  character  for  search- 
light tests  in  the  open,  must  be  regarded  as  liable  to 
an  uncertainty  of  at  least  +  5  per  cent. 

If  it  were  not  for  atmospheric  scattering  of  the  light, 
the  other  variables  might  be  eliminated  by  taking  the 
average  of  a  large  number  of  readings,  but  the  infrequent 
occurrence  of  suitable  conditions  for  testing  makes 
this  virtually  impossible  in  this  climate. 
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All  results  of  measurements  in  the  open  should  there- 
fore be  subject  to  very  careful  scrutiny  to  see  that  the 
above  sources  of  error  are  negligible  compared  with 
the  differences  of  brightness  which  are  being  looked  for. 

4.  LabovatoYy  measurements. — In  the  Laboratory 
method  of  test  which  was  adopted  in  place  of  tests 
in  the  open  air  with  projectors,  the  carbons  were 
examined  alone  without  any  mirror.  Two  quantities 
have  mainly  to  be  considered  : — 

(i)   The  total  flux   of  light  emitted  bj-  the  car.bons 

alone.  / 

{ii)  The  intrinsic  brightness  of  the  positive  crater. 

Of  these  the  second  is  the  more  important  for  present 
purposes,  since  it  is  a  measure  of  the  intensity  in  the 
beam  of  the  projector  ;  for,  if  the  brightness  of  the 
crater  of  one  carbon  is  greater  than  that  of  another, 
the  beam  will  be  correspondingly  brighter.  If,  there- 
fore, crater  brightness  can  be  accurately  measured  we 
iiavc  a  direct  criterion  of  the  ability  of  the  carbon  to 
yield  a  high  intensity  beam,  provided  the  searchlight 
is  adjusted  to  give  a  beam  of  minimum  divergence. 
If,  however,  a  beam  of  given  divergence  is  obtained, 
the  intensity  will  be  directh"  proportional  to  the  total 
flux  of  light  given  by  the  positive  crater  whatever  its 
size  or  brightness.  For  this  purpose,  therefore,  the 
more  important  factor  is  the  total  flux  emitted  towards 
the  mirror,  or,  what  may  be  taken  as  proportional  to 
it  for  ordinar)-  carbons,  the  average  candle-power  of 
the  crater  in  directions  embraced  by  the  mirror.  It 
is  shown  later  that  for  a  given  current  an  increase  in 
intrinsic  brightness  is  produced  by  an  increase  in  current 
density.  Hence  it  follows  that  improvements  in  ordinary 
searchlight  carbons  are  mainly  obtained  by  reducing 
the  diameter  of  the  positives  if  the  current  is  to  be 
Jiept  at  the  same  value.  This  seems  to  be  true  for 
all  carbons  which  depend  for  their  light  upon  the 
incandescence  of  the  crater  surface.  The  total  flu.x  for 
a  given  current  also  increases  with  the  current  density 
but  apparently  at  a  lower  rate  than  the  crater  brightness. 

There  is  a  class  of  flame  carbons  such  as  those  used 
in  the  Beck,  Harrison,  or  Sperry  lamps  to  which  this 
general  statement  does  not  applj-.  These  carbons 
mainly  depend  on  the  light  emitted  by  vapour  in  the 
arc  and  close  to  the  positive  ;  these  carbons  are  not 
considered  here. 

It  is.  of  course,  obvious  that  a  quantity  w-hich  it 
■would  be  useful  to  measure  in  addition  to  the  total 
flux  is  the  flux  emitted  within  the  solid  angle  embraced 
by  the  mirror.  The  light  received  by  the  mirror 
(together  with  that  obscured  by  the  negative  carbon) 
represents  some  70  per  cent  of  the  total  light  emitted 
from  the  positive  crater — if  this  radiates  as  a  true 
diffusing  surface,  i.e.  as  if  it  were  a  disc  emitting  the 
same  total  quantity  of  light  as  the  crater  from  one 
of  its  faces.  The  proportion  of  the  whole  light  which 
actually  reaches  a  given  mirror,  therefore,  depends  only 
on  the  symmetry  of  burning  of  the  carbon  and  the 
extent  of  obscuration  of  the  negative  carbon.  For 
ordinary  purposes  it  may  probably  be  safely  assumed 
that  measurement  of  total  flux  bears  a  very  constant 
ratio  to   that    received    by  the    mirror   so  long  as  the 


crater  has  not  burned  unsymmetrically,  i.e.  in  such 
a  way  that  it  shows  its  incandescent  surface  when 
viewed  at  right  angles  to  the  axis  of  the  carbon.  There 
is  also  the  small  proportion  of  the  light  due  to  the 
incandescent  tip  of  the  negative  and  the  luminosity 
of  the  arc  itself,  to  be  taken  into  account  ;  but  the 
difficulties  of  making  measurements  of  the  light  emitted 
within  a  given  solid  angle  have  resulted  in  the  decision 
to  postpone  this  and  to  base  the  preliminary  results 
given  in  this  paper  on  the  measurements  of  total  flux, 
which  are  more  readily  obtained.  It  is  intended,  how- 
ever, in  due  course  to  extend  the  methods  of  measure- 
ment here  described  to  the  investigation  of  the  amount 
of  light  emitted  within  certain  solid  angles. 

5.  Genera!  description  of  apparatus.' 

(a)  Measuremsnt  0/  t'^ial  flux. — The  principle  of  the 
integrating  globe  photometer  has  been  employed,  but, 
following  a  suggestion  bj-  Dr.  ■\\'.  E.  Sumpner  *  that, 
to  a  fairlj^  close  approximation,  a  whitened  cube  would 
give  as  good  results  as  a  sphere,  this  form  of  integrator 
has  been  adopted  for  the  purposes  of  the  present  investi- 
gation. A  cube  has  great  advantages  for  projector 
lamp  work  in  that  it  has  a  flat  floor  upon  which  the 
lamp  can  be  supported,  and  it  can  have  doors  at  the 
side  permitting  easy  access  for  adjustment  and  examina- 
tion of  the  lamp.  Further,  it  is  much  m.ore  easy  to 
construct  than  a  sphere,  particularly  in  the  large  sizes 
required  for  projector  arc  lamps  whose  average  candle- 
power  is  of  the  order  of  30,000  candles.  It  is  necessary, 
however,  to  choose  for  the  calibration  of  the  cube  a 
standard  lamp  which  has  approximately  the  same 
distribution  of  light  as  the  lamp  to  be  tested. 

(6)  Detailed  description  of  parts  of  apparatus. — 
(i)  The  integrating  cube  used  in  the  present  investi- 
gation has  8  cubic  metres'  capacity  (2  metres  side) 
and  is  illustrated  in  sectional  plan.  Fig.  i.  The  arc 
lamp  is  entirely  controlled  from  outside  the  cube.  Two 
images,  in  directions  at  right  angles  to  each  other  and 
to  the  axis  of  the  carbons,  are  projected  through  the 
walls  of  the  cube  permitting  examination  of  the  arc 
while  burning.  The  electrical  measuring  instruments, 
feeding  and  locating  arrangements,  and  electromagnetic 
control  (when  in  use)  are  manipulated  from  outside, 
so  that  there  is  no  necessity  to  open  the  cube  except 
to  change  carbons.  Ventilation  is  pro\-ided  by  means 
of  adjustable  shutters  at  the  sides  and  top.  Readings 
are  taken  simultaneously  of  crater  brilhancj-  and  candle- 
power.  The  brilliancy  is  measured  by  projecting  a 
magnified  image  of  the  front  of  the  crater  along  a  photo- 
meter bench.  By  the  use  of  a  negative  lens  placed 
where  the  image  comes  to  a  focus,  anj'  small  part  of 
the  crater  image  can  be  isolated  and  the  intensity  at 
this  point  determined. 

The  cube  is  constructed  of  wood  and  is  mounted  on 
castors.  It  has  doors  the  full  height  and  width  of  one 
side.  It  is  covered  inside  with  asbestos  or  uralite, 
and  cleaned  off  so  that  all  inside  surfaces  are  flush  and 
smooth.  The  roof  has  a  series  of  sliding  shutters 
I  ft.  wide,  so  that  any  required  opening  can  be  used. 
It  also  has  a  series  of  shutters  which  work  horizontally 
along  the  centre  of  the  front  of  the  cube,  one  of  which 
carries    the    small    translucent    window    E.     A    similar 

*  llluminaiing  Engineer  (London).  1910,  vol.  3,  p.  323. 
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series  of  shutters  is  recommended  for  ventilation  adjust- 
ment in  the  back  wall  of  the  cube. 

All  the  inside  smfaces  are  treated  with  three  coats 
finished  with  gelatine  and  zinc  white.  It  is  advisable 
as  far  as  possible  to  whiten  also  any  objects  which  have 
to  be  in  the  cube — for  instance,  cables,  lamp-stand, 
base,  etc. 

(ii)  The  diffusing  window  E.  This  consists  of  two 
plates  of  special  colourless  glass,  each  plate  being  ground 
with  carborundum  powder  on  both  surfaces,  and  fixed 
so  that  the  inside  face  is  flush  with  the  surface  of  the 
cube  wall.  Close  to  the  window  at  G  is  fixed  an  iris 
diaphragm  with  about  70  mm.  opening,  permitting 
adjustment  of  the  illumination  on  the  photometer  to 
a  value  which  will  enable  the  standard  lamp  to  work 
on  a  convenient  part  of  the  photometer  bench.  Once 
fixed,  however,  the  diaphragm  opening  must  not  be 
changed  in  the  course  of  an  experiment  or  of  a  calibra- 
tion, nor  must  the  distance  of  the  photometer  head 
from  the  window  be  varied  since  the  distaace  between 
the  window  and  the  photometer  in  these  experiments 
is  small,  and  the  illumination  at  the  photometer  is 
therefore  not  strictly  proportional  either  to  the  area 
of  the  window  or  to  the  inverse  square  of  the  distance. 

(iii)  Photometers  H,  H',  and  Photometer  Benches. 
These  are  Lummer-Brodhun  photometers  of  the  usual 
contrast  type,  and  ordinary  photometer  benches  about 
3  metres  long. 

(iv)  Neutral  light  filter  T.  In  order  to  reduce  the 
illumination  at  the  photometer  when  the  arc  lamp  is 
burning,  a  neutral-tinted  gelatine  filter,  T,  is  placed 
between  the  window  and  the  photometer.  The  trans- 
mission value,  t,  of  this  filter  must  be  known  accurately, 
as  it  is  removed  and  another  substituted  during  the 
calibration  of  the  cube.  The  transmission  coefficients 
therefore  become  multiplying  factors  for  the  candle- 
power  (see  par.  6,   "  Calibration  "). 

(v)  Colour  filter  Tj.  A  bluish  filter  is  inserted  be- 
tween the  photometer  and  the  comparison  lamp  to 
render  the  colour  of  the  light  from  the  latter  similar 
to  that  from  the  cube  when  the  arc  lamp  is  in  use. 
The  transmission  coefficient,  /,,  of  this  filter  has  also 
to  be  determined  once  for  all,  so  that  the  filter  can  be 
removed  during  the  daily  calibration  of  the  cube. 

(vi)  Comparison  lamps  L,  L'.  These  are  ordinary- 
vacuum  tungsten-filament  lamps  operating  at  about 
0-68  candle  per  watt,  mounted  on  movable  carriages, 
which  work  along  the  photometer  tracks. 

(vii)  Screen  M.  The  opaque  disc  M  is  about  10  cm. 
diameter,  and  is  placed  in  the  direct  line  between  the 
arc  lamp  and  the  window  E  and  approximately  midway 
between  them.  No  direct  light  from  the  source  must 
fall  on  the  window,  which  only  receives  light  from  the 
inside  walls  of  the  cube.  During  calibration  the  screen 
M  is  moved,  if  necessary,  so  as  to  come  between  the 
standard  lamp  and  the  window. 

(viii)  Lens  N.  The  lens  N  projects  an  image  of  the 
front  of  the  crater  (after  reflection  from  the  mirror  O) 
through  an  opening  in  the  cube,  on  to  the  white 
screen  P.  An  ordinary  spectacle-trial-case  lens  14-3  mm. 
diameter  and  i-^  diopters  is  used. 

(ix)  Mirror  6.  This  is  a  plain  back-silvered  4  in. 
diameter  mirror  mounted  so  that  it  can  be  tilted   or 


turned  about  a  vertical  axis.  The  operator  obtains 
access  to  the  adjustments  through  the  opening  C  and 
thus  regulates  the  position  of  the  arc  image  on  the 
screen  P. 

(x)  Screen  P  and  lens  Q.  The  screen  is  a  white  matt 
celluloid  sheet  3  mm.  thick  and  about  20  cm.  square, 
fixed  to  a  frame  which  carries  the  lens  Q.  P,  Q,  and  the 
photometer  H'  are  mounted  together  in  such  a  manner 
that  their  mutual  positions  cannot  change.  They  are 
also  rigidly  attached  to  the  photometer  track.  The 
screen  P  has  in  it  a  circular  aperture  of  10  mm.  diameter, 
bevelled  off  to  a  sharp  edge.  The  lens  system  Q  con- 
sists of  two  negative  lenses  of  16  and  20  diopters.  It 
must  be  mounted  so  that  the  centres  of  H,  Q,  and  the 
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Fig.  2. — Standardized  lamp  and  hood,  having  similar  light 
distribution  to  the  arc  lamp  used  in  caUbration  of  the 
integrating  cube. 

The  lamp  is  rated  at  240  volts,  1,000  watts. 
Average  candle-power  at  240  volts  =  423  candles. 


aperture  in  P,  are  accurately  aligned  on  the  axis  of 
the  beam  from  the  mirror  O. 

(xi)  Colour  filter  T'.  This  is  another  bluish  colour 
filter  having  a  similar  function  to  that  of  Tj. 

(xii)  The  optical  system.  This  comprises  the  crater, 
the  lens  N,  the  mirror  O,  and  the  screen  P,  and  has 
the  following  dimensions  : — 


Crater  to  N 
N  to  P     .  . 


828  mm. 
3,440  mm. 


The  important  dimension  is  the  distance  from  N  to 
the  screen  P  on  which  the  image  of  the  crater  is  focused. 

(xiii)  Lens  S.  The  lens  S  casts  an  image  of  the  arc, 
viewed  from  the  side,  on  to  the  translucent  screen 
W  via  the  two  mirrors  shown. 

6.  Calibration  for  measurement  of  total  flux. — The 
cube  has  to  be  calibrated  in  absolute  measure  for  candle- 
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power,  and  the  other  optical  system  for  crater  bright- 
ness in  candles  per  sq.  mm.  The  combined  constant 
of  the  cube  and  photometric  apparatus  is  determined 
by  burning  in  the  cube  a  lamp  of  known  average  candle- 
power  (m.s.c.p.).  If  the  integrator  were  spherical  it 
should  theoretically  give  accurate  results,  however 
much  the  distribution  of  the  Ught  from  the  standard 
differed  from  that  of  the  test  lamp.  The  gear  inside 
the  cube,  however,  and  particularly  the  bulky  arc 
lamp  and  its  support,  render  this  assumption  dangerous 
and  a  standard  source  of  light  should  be  selected  which 
has  approximately  the  same  light  distribution  as  the 
test  lamp. 

The  standard  lamp  used  for  calibration  of  the  cube 
is  shown  in  Fig.  2  ;  it  is  a  large  240-volt  1,000-watt 
vacuum-tj-pe  lamp  made  up  with  a  fairly  close  fitting 
opaque  hood,  with  an  internal  reflecting  surface.  The 
type  of  reflector  illustrated  serves  very  well  for  this 
purpose.  If  the  distribution  of  light  from  this  lamp 
be  determined  and  plotted  in  a  Rousseau  diagram  it 
is  found  to  agree  very  closely  with  the  Rousseau 
diagram  for  the  arc  lamp. 
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When  cahbrating  the  cube,  the  arc  lamp  and  all 
other  accessories  are  left  in  place  and  the  standard 
lamp  is  supported  with  its  axi  .horizontal  in  place  of 
the  carbons.  The  positive  carbon-holder  serves  to 
clasp  the  socket  of  the  standard  lamp  in  such  a  position 
that  the  light  is  emitted  as  desired  towards  the  inside 
back  wall  of  the  cube.  The  method  of  determining 
the  average  candle-power  of  the  hooded  standard  lamp 
is  in  accordance  with  the  usual  photometric  procedure. 
The  particular  lamp  illustrated  gives  an  average  candle- 
power  of  422  candles  at  240  volts  with  its  hood  in 
position. 

The  burning  of  the  arc  lamp  inside  the  cube  gradually 
causes  a  discoloration  of  the  white  walls,  and  it  is  there- 
fore necessary  to  determine  the  constant  of  the  cube 
each  day  by  cahbration  with  the  standard  lamp.  The 
fi.xing  of  the  large  standard  lamp  for  calibration  pur- 
poses is  rather  cumbersome,  and  it  has  been  found 
convenient  to  use  an  ordinary  tungsten  lamp  without 
hood  for  the  daily  calibration,  correcting  the  result 
by  the  previously  determined  ratio  between  the  results 
given  by  the  two  lamps.  It  so  happened  that  in  the 
N.P.L.    cube   the   two   standard   lamps   gave   identical 


constants.  It  must  not  be  assumed,  however,  that  this 
will  always  be  the  case,  though  from  the  conditions 
prevailing  it  is  to  be  expected  that  the  two  constants 
will  approximate  to  the  same  value. 

The  comparison  lamp  L  is  an  ordinary  grid  filament 
vacuum  lamp  operating  at  200  volts. 

During  calibration  it  is  at  a  distance  of  approxi- 
mately 2,000  mm.  from  the  window  E.  The  iris  dia- 
phragm G  has  an  opening  of  70  mm.  and  it  must  be 
remembered  that  the  neutral  filter  T  and  the  colour 
filter  Ti  are  removed  during  calibration.  It  is  desired 
to  express  the  constant  of  the  cube  in  terms  of  a  factor 
which  (when  there  is  a  photometric  balance)  can  be 
di\"ided  by  the  square  of  the  distance  x,  in  order  to 
give  the  average  candle-power  in  absolute  units  of  the 
source  of  light  in  the  cube. 

(Fig.  3)  Let  Co  =  average  candle-power  of  the  standard 
lamp  ; 
/o  =  transmission    coefiicient    of    neutral 
filter  To  on  the   comparison  lamp 
side  ; 
,Vo  =  distance  on  scale  to  give  balance. 


Then  in  balance  we  have  :    Col\\  —  tJxl, 
or  K= 


tn 


(1) 


(Fig.  3a)  Let  C  =  average  candle-power  of  arc  ; 

<  =  transmission   coefficient    of    neutral 

filter  T  on  cube  side  : 
<i  =  transmission    coefiicient     of     colour 
filter  Ti  on  comparison  lamp  side. 


Then  in  balance  :  Ct/K  =  t^'.x-, 


C  = 


x-t 


(ii) 


Hence,  since  i  and  t^  are  known  and  K  is  found  from 
equation  (i;,  this  equation  gives  C  in  terms  of  x. 

During  the  calibration  of  the  cube,  the  arc  lamp, 
cables,  and  any  other  objects  ordinarily  in  the  cube 
remain  in  position. 

7.  Measurement  of  crater  brightn-'ss. — In  Fij.  4, 

A  is  the  crater  ; 

N  is  the  positive  lens  (1-5  diopters)  of  radius  r,  at 
a  distance  a  from  the  crater,  and  of  transmission 
coefiicient  «  ; 

O  is  a  mirror  of  reflection  coefficient  m  ; 

P  is  a  xylonite  screen  with  negative  system  of  lenses 
at  6; 

H'  is  a  photometer  and  T'  the  colour  filter  of  trans- 
mission coefficient  t' ; 

L'  is  a  comparison  lamp  of  candle-power  C  at  a 
distance  x'  from  the  photometer  ; 

Let  B  be  the  normal  brightness  of  the  crater  in  candles 
per  sq.  mm.  Then  the  lumens  incident  on  the  positive 
lens  from  the  crater 

=  B  (area  of  crater)  ir  r'/a- 
Therefore  lumens  transmitted  =  B  (area)  ^  r^  n/a^. 
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Hence  the  illumination  at  the  image  on  the  screen  at  P 
B  (area  of  crater)  vr^  n  m 


but 


a=  (area  of  image) 

(area  of  crater)     a^ 
(area  of  image)     x] 


Therefore  the  illumination  atP=  — — " '"  mm.  candles, 

x\ 

and  the  illumination  at  H'= — '——- — :  mm.  candles, 

x\  R 

where  R=illumination  at  P ^illumination    at    H',   de- 
termined 

(a)  by  actual  measurement  using  a  portable  bright- 
ness photometer  ; 

(6)  by  measurement  of  magnification  and  allowance 
for  the  absorption  of  light  in  the  lens  system  Q  ; 

(c)  by  substituting  for  the  arc  a  500-vvatt  "  Point- 
olite  "  lamp,  the  surface  brightness  of  a  part 
of  the  plate  of  this  lamp  having  been  pre- 
viously determined  in  candles  per  sq.  mm.  on 
a  standard  photometer  bench  by  measurement 
of  the  candle-power  of  the  known  small  area 
of  its  surface  viewed  through  a  pinhole  of 
accurately  determined  diameter. 


-X, 


Fig. 


ft 


* -X- 


Also,  illumination  at  H'  =  CT/(.i-')-, 
B  TT  J-^  n  ni      C  t' 


therefore 


or 


B  = 


C  t'  (x'Y-^        I 

7r  r-  n  m      '  [x')  ■ 


8.  Errors  in  measurement  of  total  flux. — The  probable 
overall  error  of  the  final  value  of  average  candle-power 
is  made  up  of  the  errors  introduced  at  the  difierent 
stages  of  the  measurements  as  follows  : — 

(a)  Determination    of    the    average    candle-power    of 

the  standard  lamp  used  for  cahbrating  the 
cube.  No  colour  difference  is  involved  in  this 
determination  and  the  value  of  the  candle- 
power  in  terms  of  the  unit  accepted  in  England, 
'  France  and  America  will  be  correct  to  ±  0-75 
per  cent. 

(b)  Determination   of  transmission  coefficient  of  the 

neutral  filter  T.  This  causes  a  reduction  of 
the  light  to  approximately  2^  per  cent.  There 
is  no  colour  difference  and  the  result  may  be 
taken  as  correct  to  +  i  per  cent. 


(c)  Determination   of   transmission   coefficient   of  the 

colour  filter  T,.  There  is  a  considerable  colour 
difference  here,  and  the  mean  of  the  deter- 
minations of  several  observers  must  be  taken. 
The  error  oi  the  final  mean  may  be  regarded 
as  correct  to  within  +  2  per  cent. 

[d)  Photometric    determination    of    the    constant    of 

the  cube.  The  value  obtained  is  merely  the 
average  of  a  number  of  ordinary  photometric 
settings  and  the  error  may  be  taken  as  +  0'5 
per  cent 

The  probable  error  in  the  final  value  assessed  for  the 
constant  of  the  cube  may  therefore  be  put  at  3.5  per 


20  30         40 

Arc  leiLgth  in  mm 

Fig.  5. — Variation  of  candle-power  with  potential  difference 
and  arc  length  (for  Carbon  IX). 


G.E.C.  "  Apostle' 


carbons  (-i-\-e  28  mm.    — vc  16  mm.)  impregnated, 
at  iSo  amperes. 


cent,  and  this  covers  the  probable  error  of  the  instru- 
ments used  as  distinct  from  the  errors  of  observation. 
To  this  must  be  added,  for  any  one  carbon,  the  prob- 
able error  of  the  series  of  observations  upon  it.  This 
varies  according  to  the  individual  peculiarities  of  that 
type  of  carbon  and  no  general  figure  can  be  given  for 
all  carbons.  Some  types  run  more  steadily  than  others, 
and  in  some  the  variations  between  indi\-idual  specimens 
are  considerable. 

II.  Results. 

9.  General. — In  Table  1  is  given  a  list  of  the  carbons 
which  have  formed  the  subject  of  this  investigation. 
The  first  seven  were  originally  supplied  for  a  comparison 
of  their  light  efficiencies  with  that  of  a  special  impreg- 
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nated  carbon  developed  by  ^Messrs.  W.  Heape  and 
H.  B.  Grylls,  and  described  by  them  in  Patents 
Nos.  126,673  and  128,057  of  1919.  Subsequently,  and 
as  the  result  of  conclusions  drawn  from  these  tests,  a 
series  of  carbons  was  specially  made  up  and  supplied 
by   the   General    Electric    Co.,    Ltd.,    with   the    object 


100     120     wo     160     I80    200 

CurreRt      amperes 

Fig.  6. — Candle-power,  crater-brightness,  and  current  curves 
(Carbon  I). 

Type  of  carbon  -\-  — 


20  mm. 
cored 


9  mm. 
solid 


Rated  current 
go  amps. 


Carbons 
axial 


3  2,000 


2  8,000 


100       120       140        160 

Current-  amperes 


I8O     200 


Fig.  7. — Candle-power,  crater-brightness,  and  current  curves 
(Carbon  II). 
Type  of  carbon  +  —  Rated  current 


22  mm. 
solid 


12  mm. 
cored 


60  amps. 


i  nclination 

Carbons 
axial 


of  obtaining  the  best  type  of  carbon  for  an  average 
burning  current  of  200  amperes. 

Tests  were  also  made  with  the  electromagnetic  control 
device  developed  by  Captain  Yorke  of  the  London 
Electrical  Engineers. 

The  lamp  in  which  the  carbons  were  burned  was  an 
old    Crompton    type   for   the    90    cm.    searchhght   with 


automatic  and  hand-feed  gear.  During  the  test  all 
feeding  was  done  by  hand  by  means  of  a  chain  and 
sprocket  wheel  driven  from  outside  the  cube. 

It  is  seen  from  the  table  referred  to  that  the 
rated  current  densities  for  the  different  carbons  vary 
greatly,  and  while  it  was  of  course  desirable  to  obtain 


32,000 


28,00O  — 


100      120      140      160      ISO     200     220 

Current  —  amperes 

Fig.  S. — Candle-power,  crater-brightness,  and  current  curves 
(Carbon  III). 

Type  of  carbon  +  —  Rated  current  Inclination 

Impregnated         23  mm.       12  mm.  no  amps. 


23  mm. 
cored 


12  mm. 
cored 


Carbons 
axial 


32.000 


28.00O 


80       100      120      140       160      180      200 
Current      amperes 
Fig.  9. — Candle-power,  crater-brightness,  and  current  curves 
(Carbon  IV). 
Type  of  carbon  ■+■  —  Rated  current  Inclination 

Plain  24  mm.       16  mm.  75  amps. 


24  mm. 
cored 


16  mm. 
cored 


Carbons 
axial 


data  on  them  at  the  normal  rating,  it  was  obviously 
necessary  to  test  them  at  different  currents  and  arc 
potentials. 

10.  Variations  of  candle-power  with  potential  and  arc 
length. — It  was  at  first  thought  that  the  candle-power 
would  vary  both  with  the  potential  across  the  arc  and 
with   the   current,   but  ,a  careful  investigation   showed 
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that,  while  the  potential  difference  and  the  arc  length 
increased  or  diminished  together,  a  large  change  in 
these  quantities  witliin  the  range"  of  normal  working 
produced  no  sensible  alteration  in  the  average  candle- 
power. 

Fig.  5  shows  a  series  of  measurements  of  the  average 
candle-power    from    28    mm.    impregnated    "  Apostle  " 


32,000 


28.000 


24.000  - 


i;  20000  — 


I6.000 


if  12.000 


8.000 


4pOO 


Fig.   10.- 


100     120     140 

Current  -  amperes 

-Candle-power,  crater-brightness,  and  current 
curves  (Carbon  V). 


200 


Type  of  carbon 
Plain 


2S  mm. 
cored 


14  mra. 
cored 


Rated  current 
no  amps. 


Inclination 

Carbons 
a.^ial 


100     120     140     160 

Cuj-rent  -amperes 


leo   200   220 


Fig.   II. — Candle-power,  crater-brightness,  and  current 

curves  (Carbon  VI). 
Type  of  carbon  ~  —  Rated  current  Inclination 

Plain  32  mm.       i6  mm.  150  amps. 


32  mm. 
cored 


16  mm. 
cored 


Carbons 
axial 


carbons  when  taking  iSo  amperes  at  arc  potentials 
varj-ing  from  55  to  72  volts.  The  points  corresponding 
to  arc  lengths  less  than  35  mm.  cannot  be  said  to 
indicate  a  definite  variation  of  candle-power  in  either 
direction.  The  exact  form  of  this  curve  may  not  be 
repeated  in  all  cases,  but  it  is  clear  from  the  observations 
shown,  and  others  made  subsequently,  that  an  increase 


in  arc  length  or  potential  difference  does  not  produce 
any  increase  in  average  candle-power.  It  is  true  that 
for  different  arc  lengths  there  are  different  degrees  of 


40      60      so     100    120     140     160    I80    200    220   240 
Current  —  aoiperes 

Fig.  12. — Candle-power,  crater-brightness,  and  current 
curves  (Carbon  VII). 

Type  of  carbon  +  — 


f  —  Rated  current 

Plain  38  mm.       20  mm.       120-150  amps, 

solid  cored 


Inclination 

Carbons 
axial 


-2,000  L 


200        400        600        eOO      IfiOO       woo     IjlOO      Iv600 

Cross- sectionaJ  area  -  sq  mm    (A) 


Fig.  13. — Average  candles  and  nominal  area  of  uncoppered 
positive  carbons  at  four  current  densities. 

obscuration  of  the  positive  by  the  negative  carbon  ; 
it  is  of  interest,  however,  to  note  that  if  the  obscuration 
be  allowed  for  and  a  curve  of  average  candle-power  be 
continued  as  indicated  in  the  dotted  line,  the  candle- 
power  increases  as  the  arc  length  is  reduced.  Mrs. 
Ayrton  *  also  found  that  with  large  currents  the  candle- 

•  "The  Electric  .Arc,"  p.  327. 
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power  increased  as  the  arc  length  was  diminished. 
Hence  the  maximum  candle-power  i)!  any  giren  direction 
not  obstructed  by  the  negative  is  greater  the  shorter  the 
arc  length. 

The  fact  that  candle-power  is  virtually  independent 
of  the  arc  potential  results  in  a  simplification  of  the 
problem  since  one  important  variable  is  thereby  elimin- 
ated. The  arc  length  can  therefore  be  adjusted  to 
whate\-er  point  gi\-es  smoothest  running,  with  the 
proviso   that   it   should   not  be  short   enough  to  cause 


impregnated  carbons,  however,  run  satisfactorily  at 
exceedingly  short  arc  lengths,  and  for  these  the  arcs 
were  adjusted  to  avoid  excessive  obscuration. 

11.  Crater  brightness  and  current. — The  points  on  the 
individual  curve  sheets  showing  the  relationship  between 
crater  brightness  and  current  have  been  connected 
by  a  straight  line  in  order  to  indicate  the  general  rise  of 
brilliancy  with  increase  of  current,  but  the  results  are 
not  sufficiently  accurate  to  justify  any  assumption  as  to 
the  true  form  of  this   relationship.     It  is  clear  that  if. 


4-0,000 


120       i40       160      ISO      £00 
CtiireTvt  —  tiiiiperes 
Fig.   m. — Candle-power,  crater-brightness,  and  current  curves  (Carbon  VIII) 
Typtofmrbon  +  -  RaleJ  currcnl  Indiniilion 


iO 


Plain 


2S  mm. 

solid 
coppered 


1 6  mm. 
cored 


Carbous 
axial 


excessive  obscuration,  say  more  than  7  per  cent.  1 
Although  the  average  candle-power  in  all  directions  is 
not  sensibly  affected  by  change  of  arc  length  owing  to  ' 
the  balance  between  obscuration  and  increase  of  candle- 
power,  the  fact  that  all  the  obscuration  takes  place 
within  the  solid  angle  embraced  by  the  projector  mirror 
renders  it  still  important  to  avoid  too  short  an  arc. 

The  usual  practice  throughout  these  investigations 
was  to  open  out  the  carbons  until  the  arc  ceased 
to  hiss,  the  resulting  arc  length  usually  being  greater 
than  the  minimum  necessary  to  avoid  more  than  the 
7   per   cent   obscuration   as   indicated   above.     Certain 


as  seems  very  probable,  the  (candle-power)/(current) 
relationsliip  is  linear,  and  if  that  of  the  (crater 
area)/(current)  is  also  linear,  as  has  been  shown  by 
Mis.  AjTton  for  small  arc  lengths  and  currents, 
then  the  (brightness)/(currentj  relationsliip  must  be 
of  the  form  (As  -|-B)-^(C  i+B),  and  it  is  actvially  found 
that  a  function  of  this  form  suits  the  observations 
as  well  as  the  straight  line  indicated  on  the  cur\es. 
In  fact,  using  the  values  of  the  constants  available, 
the  ditterences  between  the  values  given  by  tlie  two 
hnes  are  well  within  the  limits  of  experimental  error. 
It  should   be  noted   that  the  slope  of  the  reference 
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line  in  the  crater  brightness  curves  depends  on  the 
size  of  the  carbon  with  which  it  is  compared,  and 
diminishes  as  its  diameter  increases.  This  follows  from 
the  explanation  given  in  par.   13. 

The  general  position  may  therefore  be  summarized 
as  follows  : — 

A  long  arc,  for  any  given  carbon,  whether  from 
impregnated  carbons  or  not,  implies  a  high  potential  ; 
and  a  short  arc,  a  low  potential.  In  order  to  obtain, 
under  working  conditions,  a  given  amount  of  light  from 


length  to  exceed  a  certain  minimum  figure  (for  a  par- 
ticular diameter  of  positive  and  negative  carbons), 
as  mentioned  in  par.  10  above,  and  to  obtain  carbons 
which  will  take  the  maximum  current  through  the 
positive  crater  at  this  minimum  arc  length,  thus  securing 
all  the  light  possible  with  the  minimum  amount  of 
dissipation  of  heat  at  the  arc. 

12.  Differences  in  light  emission. — The  above  dis- 
cussion leaves  out  of  consideration  any  specific  differ- 
ences there  may  be  in  the  light  emission  of  different 


4-*, 000 


40,000 


4.000 


100      120      140      160 
Curren.t  —  amperes 


180     200     220     240      260 


Fig.  15. — Candle-power,  crater-brightness,  and  current  curves  (Carbon  IX). 


Type  of  carbon 
Impregnated 


+ 
iS  mm. 

solid 
coppered 


Ratcvi  current 


16  mm. 
cored 


Inclination 

Crtrbons 
axial 


a  given  positive  carbon,  it  is  only  necessary  to  pass 
through  it  a  given  current,  the  voltage  across  the  arc 
and  the  arc  length  required  to  avoid  hissing  being 
immaterial.  A  positive  carbon  talcing  200  amperes  at 
70  volts,  i.e.  14  kw.,  will  emit  the  same  light  as  one 
taking  20D  amperes  at  100  volts,  i.e.  20  kw.  From 
the  point  of  \-iew  of  light  emission  from  the  positive 
crater,  the  extra  6  kw.  are  wasted.  In  order  to  ensure, 
however,  that  all  but  a  very  small  proportion  of  the 
light  directed  towards  the  mirror  from  the  positive 
carbon  misses  the  negative,  it  is  necessary  for  the  arc 


carbons,  i.e.  in   the  capacity  of  one  type  of  carbon  to 
give  more  light  than  another  for  a  given  current.  ' 

The  whole  investigation  shows  that,  for  the  types 
of  carbon  considered,  there  is  no  sensible  difference 
either  in  average  candle-power  or  in  crater  brightness 
for  carbons  of  the  same  diameter  run  at  the  same 
current.  The  efficiency  in  candles  per  ampere,  however, 
increases  somewhat  for  the  same  current  density  as 
the  diameter  of  the  positive  carbon  is  increased  ;  it  is 
reasonable  to  attribute  this,  at  least  in  part,  to  the 
greater  relative  cooling  surface  of  the  smaller  carbons. 
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13.  Curve  sheets. — The  above  conclusions  follow  from 
an  examination  of  the  curves  in  Figs.  6  to  19.  The 
large  curves  are  for  average  candles  plotted  against 
current ;  the  small  curves  at  the  top  of  the  sheet  are 
for  crater  brightness  in  candles  per  sq.  mm.  plotted 
against   current.     Each   curve   sheet    gives    for   one   of 
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curves  (Carbon  XI). 
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the  types  of  carbon  the  result  of  a  long  series  of  measure- 
ments of  candle-power  and  crater  brightness  at  different 
values  of  current.  The  (candle-po\ver)/(current)  curve 
for  carbon  No.  II,  when  burned  with  the  Yorke  electro- 
magnetic control,  has  been  taken  as  a  convenient 
reference  line  for  purposes  of  comparison  between  other 
carbons,  and  this  has  been  shown  as  a  broken  line  on  all 
curve  sheets.     For  crater  brightness  a  dotted  reference 


line  has  been  drawn  by  connecting  two  points  whose 
co-ordinates  are  obtained  thus  :  the  abscissas  are  the 
currents  corresponding  to  densities  of  0-2  and  0-3 
ampere  per  sq.  mm.  of  the  carbon  considered,  while 
the  ordinates  are  the  crater  brightnesses  of  the  reference 
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Fig.  19. — Candle-power,  crater-brightness,  and  current 
curves  (Carbon  XIII}. 
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carbon  at  the  same  current  densities.  It  will  be  seen 
that  the  figures  of  crater  brightness  agree  satisfactorily 
with  those  obtained  by  Forrest.* 

Each   circle    marked    on    the    curves   represents    the 

mean   of  a  large  number   of  observations.     Usually  a 

series  of  10  observations  was  made  at  a  given  current, 

over    a    lo-minute    period    of    burning.     The    current 

»  Electrician,  J913,  vol.  71,  pp.  729  and  1007. 


CARBOX    ARCS   FOR   SEARCHLIGHTS. 


95 


value  was  then  changed  and  a  further  series  taken 
after  the  conditions  had  settled  down  at  the  new  current. 
The  first  current  was  then  repeated  either  on  the 
same  carbons  or  on  a  duplicate  set.  Usually  the  results 
plotted  on  any  curve  represent  some  5  or  6  pairs  of 
carbons  burned  in  this  way. 

14.  Individual  variations. — It  has  not  been  thought 
worth  while  as  a  rule  to  show  indi\^dual  obser\-ations 
on  the  curve  sheets,  but  for  the  purpose  of  illustration 
this  has  been  done  for  the  {candle-power)/(current) 
curves  in  Figs.  14  and  15  for  the  solid  coppered  carbons. 
Attention  was  concentrated  on  currents  of  150,  180, 
200,  and  220  amperes  and,  in  the  case  of  one  of  them, 
of  250  amperes.  At  each  of  these  currents  it  is 
seen  that  the  emission  of  hght  from  these  carbons  was 
liable  to  vary  over  a  wide  range.  For  instance,  at 
200  amperes,  omitting  isolated  readings,  there  is  an 
extreme  variation  of  some  30  per  cent  for  normal 
burning  conditions. 

Smaller  carbons  appeared  generally  to  vary  much  less 
than  the  larger  ones,  but  in  either  case  no  rehable  com- 
parison is  possible  unless  the  mean  of  a  large  number  of 
readings  is  taken. 

III.    Comments  ox  the   Behaviour    of    Individual 
Carbons. 

15.  Uncoppered  carbons  (Nos.  I  to  VII). — 

(I)  Fig.  6. — This  was  a  French  cored  carbon  made 
by  the  Sautter,  Harle  Company,  20  mm.  in  diameter, 
rated  at  90  amperes — a  relatively  high  densitj'  of  0-29 
ampere  per  sq.  mm.  This  carbon  gave  uniformly 
smooth  and  flexible  running  without  the  use  of  the 
electromagnetic  device  at  arc  lengths  varying  from 
5  to  30  mm.  and  at  currents  varying  from  60  to  no 
amperes.  The  potential  difference  across  the  arc  ranged 
from  34  to  72  volts  var\dng  with  its  length  and  also, 
to  a  small  extent,  with  the  current.  The  efficiency 
of  this  carbon  (candles  per  watt  consumed  in  the  arc) 
at  a  current  density  of  0-3  ampere  per  sq.  mm.  was 
higher  than  that  of  any  other  unimpregnated  carbon, 
being  1-9  candles  per  watt  at  an  arc  length  (14  mm.) 
gi\ang  not  more  than  7  per  cent  obscuration. 

(II)  Fig.  7. — This  was  a  solid  Army  carbon  (G.E.C. 
"  -Apostle  "  grade)  22  mm.  in  diameter  rated  at  60 
amperes  per  sq.  mm.  On  the  whole,  good  running 
was  obtained  ;  without  the  electromagnetic  de\'ice 
currents  up  to  100  amperes  could  be  taken,  and 
with  this  device  it  was  possible  to  run  up  to  130 
amperes.  The  potential  difference  across  the  arc 
ranged  from  50  to  80  volts  for  arc  lengths  varjnng  from 
10  mm.  to  40  mm.  and  with  currents  varjang  from 
50  to  120  amperes.  The  results  on  this  carbon  have 
been  used  as  a  reference  as  stated  in  par.  13. 

(III)  Fig.  8. — This  was  a  cored  carbon  (G.E.C. 
"  Nubia  "  grade)  of  23  mm.  diameter,  impregnated 
with  the  Heape  and  Grylls  special  solution.  It  was 
rated  at  no  amperes  or  a  current  density  of  0-265 
ampere  per  sq.  mm.  It  was  found  to  give  good  flexible 
burning  with  the  electromagnetic  device  for  arc  lengths 
ranging  from  3  to  20  mm.  and  currents  var\dng  from 
60  to  140  amperes,  the  potential  difference  across  the 
arc  being  50  to  62  volts. 

The  efficiency  of  this  carbon  at  an  arc  length  of  20  mm. 


(7  per  cent  obscuration)  was  2-0  candles  per  watt  at  a 
current  density  of  0-3  ampere  per  sq.  mm. 

(IV)  Fig.  9. — This  was  by  the  same  maker  as  Xo.  I, 
but  possibly  of  a  different  composition.  It  was  24  mm. 
in  diameter,  and  its  rating  was  75  amperes,  or  0-163 
ampei-e  per  sq.  mm.  This  also  gave  good  burning 
without  the  electromagnetic  de\-ice,  but  was  not  so 
uniform  as  the  smaller  carbon.  The  arc  length  ranged 
from  8  to  23  mm.,  and  the  currents  from  60  to  140 
amperes,  the  arc  potential  difference  ranging  from  50 
to  72  volts. 

(V)  Fig.  10. — This  was  a  K'a\'3-  cored  carbon 
("  Apostle "  grade)  of  28  mm.  diameter,  its  rating 
being  no  amperes,  or  o-i8  ampere  per  sq.  mm.  This 
carbon  ran  very  smoothly  without  the  electromagnetic 
device  for  arc  lengths  of  14  to  32  mm.  and  currents 
var\-ing  from  70  to  170  amperes,  the  potential  difference 
ranging   from  55   to   76  volts. 

(VI)  Fig.  II. — This  was  similar  to  the  foregoing  but 
of  32  mm.  diameter.  Its  rating  was  150  amperes,  or 
o-i86  ampere  per  sq.  mm.  This  carbon  did  not  give 
ver\'  good  running  as  the  arc  w^as  difficult  to  control. 
The  arc  length  and  potential  differences  ranged  from 
10  to  35  mm.  and  from  60  to  86  volts  respectively, 
while  the  current  \aried  from  100  to  300  amperes. 

VII.  Fig.  12. — This  was  an  Army  solid  carbon 
("  Apostle  "  grade'l  38  mm.  in  diameter,  its  rating  being 
150  amperes,  or  only  0-132  ampere  per  sq.  mm.  This 
arc  was  often  difficult  to  control  and  gave  irregular 
results  at  currents  above  200  amperes.  The  arc  length 
varied  from  13  to  30  mm.  for  currents  of  120  to  230 
amperes,  and  the  arc  potential  difference  from  60  to  86 
^■olts.  It  was  impossible  to  get  currents  exceeding 
230  amperes  to  run  steadily. 

16.  General  remarks  on  carbons  I  to  VII. — Fig.  13 
gives  a  set  of  curves  embodying  the  results  of  the 
a\'erage  candle-power  tests  on  the  seven  uncoppered 
carbons  referred  to  above.  It  is  seen  that  for 
all  these  carbons  the  average  candle-power  depends 
only  on  the  current  and  the  nominal  area  of  the  positives. 
The  empirical  e.xpression  obtained  for  these  cur^-es 
is  of  the  form  c  =  A  i-f-B  a-fC,  which  gives  the  average 
candle-power  for  any  carbon  in  terms  of  the  current 
and  area,  where  i  is  the  current  and  a  is  the  nominal 
cross-sectional  area  of  the  positive  in  sq.  mm.  For 
these  carbons  A=i50,  B  =  —3,  and  C  =  —2,000. 

Hence  it  is  seen  that  the  average  number  of 
candles  per  ampere  tends  to  increase  with  the  area 
for  a  given  current  density.     Thus, 

5       2,000 
candles  per  ampere  =150—  —. ^ 

and  if   ija   (i.e.    current  density)   is  constant =^,   then 


candles  per  ampere  =  15c 


2,ooo 
p  a 


It  appears  that  no  appreciably  greater  efficiency 
can  be  obtained  by  increasing  the  diameter  of  the 
positive  beyond  28  mm.,  since  the  rate  of  increase  at 
this  point  in  candles  per  ampere  for  a  large  percentage 
change  in  the  diameter  is  very  small. 

Further,  as  a  re;ult  of  this  investigation  it  was  found 
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that    the    maximum    current  which    any    uncoppered 

carbon    could    carry    without  overheating    was    given 

approximately,  for  the  sizes  used,  by  the  empirical 
formula 

where  d  was  the  diameter  of  the  positive  in  mm.  By 
comparing  this  with  the  expression  for  candles  per 
ampere  given  above,  it  was  found  that  the  maximum 
candles  per  ampere  should  be  obtained  with  a  positive 
34  mm.  in  diameter  taking  some  250  amperes.  This 
gave  124  candles  per  ampere,  a  result  almost  identical 
with  that  obtained  with  the  28  mm.  diameter  carbon 
at  134  amperes,  viz.  123  candles  per  ampere.  This 
is  also  evident  from  Table   i   (see  cols.   14  and  15). 

The  fact  that  the  candle-power  values  for  each  current 
density  lay  regularly  on  a  system  of  straight  lines  showed 
that  none  of  these  carbons  possessed  any  noticeable 
superiority  in  specific  light  emission.  It  may  be  noted 
that  coppered  negatives  of  smaller  diameter  could  be 
used  with  some  advantage  with  Nos.  IV  and  VII,  say 
12  and  18  mm.  respectively,  since  this  would  reduce 
the  obscuration  of  light  which  would  otherwise  reach 
the  projector  mirror. 

All  the  positives  were  uncoppered,  and  it  was  found 
that  as  the  current  density  was  increased  beyond  about 
0-3  ampere  per  sq.  mm.  the  carbons  became  very  hot, 
especially  the  larger  sizes,  and  began  to  disintegrate  on 
the  outer  surface.  For  further  work  at  high  current 
densities  and  to  use  carbons  of  28  mm.  diameter,  there- 
fore, it  was  decided  to  have  all  the  positives  coppered. 

17.  Coppered  carbons  [Nos.    VIII  to  XIII). 

(VIII)  Fig.  14. — This  was  a  carbon  of  28  mm. 
diameter,  of  the  same  grade  as  No.  II  but  with  a  copper 
coating  approximately  o-o6  mm.  thick.  The  coating 
enabled  this  carbon  to  be  run  satisfactorily  at  a  higher 
current  density  (up  to  0-36  ampere  per  sq.  mm.)  than 
solid  uncoppered  carbons  of  the  same  grade.  The  current 
ranged  from  150  to  220  amperes  while  the  arc  length 
varied  from  20  to  65  mm.,  and  the  potential  across  the. 
arc  from  64  to  98  volts.  The  efficiency  of  the  carbon 
at  an  arc  length  of  35  to  40  mm.  (the  minimum  for  a 
current  density  of  0-3  ampere  per  sq.  mm.)  was  1-7 
candles  per  watt. 

(IX)  Fig.  15. — This  was  a  carbon  of  28  mm.  diameter 
similar  to  No.  VIII  but  impregnated  with  the  special 
Heape  and  Grylls  solution  and  without  any  coring. 

As  in  the  case  of  No.  Ill,  this  carbon  gave  very  good 
and  flexible  running  with  the  electromagnetic  device 
which  was  necessary  to  keep  the  arc  from  wandering. 
The  current  ranged  from  150  to  250  amperes,  the  arc 
lengths  from  6  to  60  mm.,  and  the  potential  difference 
across  the  arc  from  56  to  78  volts.  Hence  it  followed 
that  this  carbon  could  be  run  with  a  very  short  arc  and 
correspondingly  reduced  potential  difference,  though 
this  involved  an  increased  obscuration  by  the  negative 
carbon  (see  par.  19).  This  carbon  was  also  run  without 
the  electromagnetic  de\-ice,  but  with  the  positive  rotat- 
ing at  a  uniform  speed  of  about  one  revolution  per 
2  minutes  wliile  the  negative  was  inclined  at  an  angle 
of  some  25°  with  the  horizontal.  The  effect  of  removing 
the  electromagnetic  device  and  adding  the  rotating 
device  was  slight,  as  the  latter  kept  the  crater  regular. 


the  only  difference  being  that  the  position  of  the  arc 
with  regard  to  the  crater  could  not  be  controlled,  though 
with  a  short  arc  this  control  appeared  to  be  unnecessary. 
The  efficiency  of  this  carbon  was  2-0  candles  per  watt 
at  a  current  density  of  0-3  ampere  per  sq.  mm.  and 
an  arc  length  of  26  mm.   (7  per  cent  obscuration). 

(X)  Fig.  16. — This  was  a  solid  carbon  of  28  mm. 
diameter  and  of  a  harder  grade  than  No.  VIII  (G.E.C. 
"Nubia").  It  was  run  with  the  electromagnetic 
device  with  a  range  of  current  of  from  150  to  220 
amperes,  with  a  potential  difference  of  from  68  to  98 
volts  and  arc  lengths  of  30  to  70  mm.  The  results  were 
similar  to  those  obtained  with  the  No.  V  carbons,  except 
that  a  higher  current  density  and  consequently  a 
higher  candle-power  were  obtained.  A  long  and  con- 
sequently unstable  arc  was  required  for  currents  of 
200  amperes  and  over — in  fact  some  5  mm.  longer  than 
in  the  case  of  the  No.  VIII  carbon.  It  was  also 
found  that  this  grade  of  carbon  tended  to  chip  while 
burning. 

(XI)  Fig.  17. — This  was  a  solid  coppered  carbon, 
28  mm.  in  diameter  and  was  the  same  as  No.  X  except 
that  it  was  impregnated  with  the  special  solution.  It 
was  run  at  currents  varying  from  150  to  220  amperes 
with  a  potential  difference  of  from  58  to  68  volts  .and 
arc  lengths  of  14  to  22  mm.  There  was  no  difficulty 
in  burning  this  carbon  at  any  arc  length  and  the  potential 
difference  only  varied  slightly  with  the  length  and 
current.  The  average  candle-power,  however,  was  dis- 
tinctly lower  than  that  of  No.  IX. 

(XII)  Fig.  18. — This  was  the  same  as  No.  V  except 
that  it  was  coppered.  It  was  run  at  currents  from  150 
to  220  amperes  and  a  potential  difference  ranging  from 
58  to  86  volts  with  an  arc  length  of  25  to  42  mm. 

(XIII)  Fig.  19. — This  was  a  cored  carbon  of  28  mm. 
diameter  and  was  also  run  at  currents  ranging  from 
150  to  220  amperes  and  a  potential  difference  varying 
from  48  to  74  volts  with  arc  lengths  of  10  to  40  mm. 
The  running  was  fairly  good,  though  the  candle-power 
was  lower  than  that  of  No.  VIII  for  the  same  current. 

18.  General  remarks  on  carbons  VIII  to  XIII. — The- 
thickness  of  coppering  on  the  carbons  VIII  to  XIII 
was  o-o6  mm.  This  apparently  resulted  in  an  increase 
in  the  slope  of  the  (candle-power) /(current)  curves,  and 
in  shifting  the  intercepts  on  the  axis  of  the  current. 
This  last  was  equivalent  to  an  increase  in  the  size  of  the 
carbon.  It  is  probable  that  the  relative  irregularity 
of  the  results  was  due  to  the  difficulty  in  maintaining 
a  uniform  crater  at  current  densities  exceeding  o- 5, 
ampere  per  sq.  mm.  Carbon  IX  had  the  greatest 
efficiency  in  candles  per  watt,  and  Nos.  IX  and  XI 
had  the  greatest  flexibility  of  burning.  At  220  amperes, 
the  average  candle-power  of  these  six  carbons  did  not 
differ  by  more  than  13  per  cent  from  the  mean.  In 
all  cases  the  negatives  were  of  16  mm.  diameter  ami 
heavily  coppered,  as  it  was  found  that  if  smaller  ones, 
were  used  the  coppering  volatilized  and  the  carbon 
gradually  disintegrated  and  diminished  in  diameter 
when  the  current  exceeded   i8o  amperes. 

19.  Obscuration  of  light  by  the  negative  carbon. — It 
is  clear  that  at  some  of  the  shorter  arc  lengths  employed 
during  the  course  of  the  investigation,  the  proportion 
of   light   obscured   by   the  tip   of  the  negative  carbo:i 
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cannot  be  altogether  neglected.  The  amount  of  this 
obscuration  can  be  readily  calculated  if  it  be  assumed 
that  (i)  the  positive  crater  radiates  as  a  circular  disc 
emitting  light  according  to  the  cosine  law  (i.e.  the 
radiation  in  any  direction  is  proportional  to  the  cosine 
of  the  angle  between  that  direction  and  the  normal 
to  the  radiating  surface),  and  (ii)  the  negative  may  be 
regarded  as  a  circular  disc  parallel  with  the  positive 
and  at  a  distance  from  it  equal  to  the  arc  length.  Of 
these  assumptions  the  first  is  probably  very  close  to 
the  truth  for  all  ordinary  carbons,  as,  if  internal  reflec- 
tion be  neglected,  the  radiation  from  a  hollow  surface 
is  the  same  as  that  from  a  plane  of  the  same  apparent 


Neglecting  these  corrections,  the  percentage  of  the 
light  emitted  from  a  positive  crater  of  diameter  D 
which  is  obscured  by  a  negative  of  diameter  d  at  an 
arc  length  a  is  given  by  the  formula  :— 

The  values  of  this  expression  for  three  different 
sizes  of  negative,  and  at  all  arc  lengths,  are  given  in 
the  curves  of  Fig.  20,  where  all  dimensions  are  expressed 
in  terms  of  the  diameter  of  the  positive.  Thus,  for 
a  28  mm.  positive  the  obscuration  values  of  a  i6-8  mm. 
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Fig.  20.— Curves  showing  percentage  of  the  total  light  emitted  from  a  radiating  circular  disc  of   unit  diameter,  which  is 
obscured  by  a  co-axial  circular  disc  of  diameter  d  situated  at  a  distance  a  from,  and  parallel  to,  the  radiating  disc. 

[Note. — .AH  dimensions  are  in  terms  of  the  diameter  of  positive  carbon.^ 


area,  i.e.  a  cup-shaped  crater  gives  the  same  radiation 
in  any  direction  as  a  fiat  crater  of  the  same  diameter 
and  of  equal  surface  brightness.  The  second  assump- 
tion is  open  to  question  on  two  counts  :  (a)  the  diameter 
of  the  negative  carbon  becomes  considerably  reduced 
at  the  end,  and  (6)  the  efiEect  of  obscuration  by  the 
stem  of  the  negative  carbon  with  its  holder  is  neglected. 
Another  effect,  which  tends  to  offset  the  result  of 
the  reduction  in  diameter  of  the  negative,  is  the  reduc- 
tion in  the  diameter  of  the  positive  carbon.  These 
effects,  which  to  a  certain  extent  will  counteract  one 
another,  will  only  modify  a  value  that  is,  in  itself,  a 
correction,  so  that  they  have  not  been  considered  as 
of  sufficient  importance  to  justify  the  labour  of  calcula- 
tion in  more  than  a  single  case. 


negative  are  given  by  the  curve  marked  d  =  o-(>,  and 
thus  7  per  cent  obscuration  is  exceeded  in  the  case  of 
all  arc  lengths  shorter  than  1-0x28  mm.  =  28  mm, 
There  is  one  other  consideration  which  cannot  be  ne- 
glected. For  a  36-inch  projector  of  about  16-5  inches 
focal  length,  only  70  per  cent  of  the  total  light  from  the 
crater  falls  on  the  mirror.  All  the  obscured  part  of 
the  light  is  within  the  angle  embraced  by  the  mirror 
so  that  the  effective  obscuration  of  the  useful  light  is 
l-.\  times  that  given  by  the  formula,  i.e.  in  the  example 
cited  above  the  obscuration  is  approximately  10  per 
cent. 

The  thanks  of  the  authors  are  due  to  the  Admiralty 
for  permission  to  make  public  the  results  contained 
in  this  paper. 


Discussion. 


Captain  J.  K.  im  Thurn,  R.N.  :  We  all  know  how 
research  work  in  connection  with  searchlights  is  com- 
plicated by  many  variables,  the  most  important  of  which, 
namely,  the  effect  of  atmospheric  conditions,  is  not 
•only  infinitely  variable  in  itself  but  is  not  under  the 
•control  of  the  investigator.  Again,  the  application  of 
results  is  often  compromised  owing  to  limitations 
which  have  to  be  imposed  on  the  final  design  of  a 
projector  and  its  fittings.  A  naval  projector  and 
fittings  mustbe  absolutelyreUable,  simple  in  construction, 
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easy  to  handle,  and  capable  of  withstanding  extremely 
severe  concussion.  Naval  projectors  have  frequently 
to  be  mounted  within  a  few  feet  of  the  muzzles  of  our 
largest  guns.  I  have  known  cases  where  the  blast 
from  these  guns  has  wTenched  fittings  off  the  barrel 
of  the  projector.  Unfortunately,  atmospheric  conditions 
at  Teddington  render  it  impracticable  to  carrv  out 
searchlight  tests  under  actual  working  conditions, 
namely,  with  the  lamp  in  a  service  projector  and  the 
projector  out  of  doors.     Such  tests  must  always  be  the 
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final  criterion  in  a  problem  of  this  nature  ;  it  was  there- 
fore arranged  for  H.M.S.  "  Vernon  "  to  carry  out 
practical  outdoor  tests  at  Portsmouth,  These  tests 
have  now  been  in  progress  for  several  months  and 
much  valuable  experience  has  already  been  gained.  The 
work  carried  out  at  the  National  Physical  Laboratory, 
as  described  in  the  paper,  has  been  of  the  greatest 
assistance  to  the  "  Vernon  "  in  carrying  out  the  practical 
tests.  The  N.P.L.  results  point  to  the  fact  that  any- 
carbon,  no  matter  what  its  actual  composition,  will 
give  the  same  total  light  as  any  other  type  of  carbon  when 
burnt  under  exactly  similar  conditions.  "Vernon's  "  out- 
door tests  confirm  this.  Again  from  the  N.P.L.  results  one 
would  expect  in  practice  to  get  a  considerable  increase 
in  the  intensity  of  the  beam  for  a  given  current  by  re- 
ducing the  size  of  the  crater.  "  Vernon  "  trials  to  date 
show  that  this  increase  is  not  so  marked  as  one  might 
have  expected.  This  points  to  the  fact  that  the  majority 
of  the  extra  total  light  given  by  carbons  under  these 
conditions  does  not  reach  the  mirror  and  is  therefore 
inostly  wasted.  The  National  Physical  Laboratory  has 
made  very  careful  measurements  of  intrinsic  brilliancy 
of  the  crater.  From  the  figures  the  relative  intensity 
of  the  beams  produced  from  various  carbons  can  be 
ascertained,  but  unfortunately  the  diameter  of  the 
crater  is  not  stated  in  any  instance  ;  consequently  the 
relative  divergence  of  the  beam  cannot  be  estimated, 
and  a  knowledge  of  this  is  essential  before  an  opinion 
of  the  relative  value  of  a  carbon  for  searchlight  work 
can  be  formed.  Experience  shows  that  the  crater  of  a 
20  mm.  carbon  is  reduced  in  a  smaller  proportion  than 
that  of  a  28  mm.  carbon.  Hence  the  diameter  of  an 
unburnt  carbon  gives  us  no  definite  clue  as  to  the  size 
of  its  crater  when  burning.  Our  ultimate  aim  is  to 
determine  the  type  of  arc  which  will  pick  up  and  hold 
a  target  at  the  greatest  range,  and  this  in^•olves  a 
careful  study  of  the  effect  of  atmosphere.  The  Army 
and  the  U.S.  military  authorities  are  co-operating 
with  us  in  this  woriv.  Our  results  to  date  appear  to 
show  that  the  yellower  light  emitted  from  arcs  burnt 
at  03  ampere  per  sq.mm.  and  less,  is  subjected  to  slightly 
less  absorption  than  the  bluer  light  from  higher  current- 
density  arcs.  The  proposed  improved  methods  of 
measuring  absorption  will,  we  hope,  definitely  settle 
this  point.  To  sum  up,  our  general  conclusions  to 
date  point  to  the  high-current-density  arc  (0-7  ampere 
per  sq.  mm.  and  above)  as  being  the  most  suitable  for 
long-range  work,  particularly  if  the  carbon  manu- 
facturers can  produce  carbons  which  will  give  rays 
rich  in  the  wave-lengths  least  affected  by  absorption. 
The  National  Physical  Laboratory  has  been  asked 
to  investigate  flame  arcs,  and  we  look  forward  to 
receiving  their  results. 

Mrs.  Ayrton  :  I  am  particularly  interested  in  this 
paper  because  I  have  had  much  experience  in  investi- 
gations on  searchlights  and  arc  lighting  for  cinemas. 
When,  in  1903,  Professor  Ayrton  was  first  asked  by 
the  Admiralty  to  draw  up  a  specification  for  search- 
light carbons  which  would  make  the  country  independent 
of  foreign  supplies,  there  was  very  little  knowledge 
of  large-current  arcs  to  draw  upon,  and  the  carbons 
made  in  England  were  all  so  bad  that  he  had  to  spend  a 
year  in   making  chemical  analyses,   comparing  specific 


gravities,    etc.,    and    instructing    the    General    Electric 
Company    on    the    subject,    before    they    could    make 
carbons  even  equal  to  the  foreign  types.     Times  have 
changed    since   then.     Of   the   three   types   of   carbons 
sent  to  him  for  comparison  only  one  had  been  made  in 
England  ;    while  the  authors  of  the  present  paper  had 
seven  types,  of  which  only  one  was  foreign.     In  seeking 
Professor  Ayrton 's  co-operation,  the  Admiralty  thought 
it  possible  to  prescribe  every  single  condition  under  which 
the  arcs  were  to  be  constrained  to  burn,  down  to  the 
coppering  of  both  carbons  to  a  thickness  of  nearly  02  mm. 
The   present   experimenters   are   asked   to    "  determine 
what  improvement  can  be  made  either  in  the  carbons 
themselves   or  in   the  methods  of   burning  them."     It 
was  long  before  Professor  Ayrton  could  even   get  the 
Admiralty  to  realize  the  importance  of  having  the  tips 
of  the  carbons  made  by  the  manufacturers  to  the  shapes 
that   they   normally   acquire   and   retain,    when   burnt 
with    the    required    current    and    potential    difference. 
Perhaps  the  full  importance  of  this  normal  shaping  is 
scarcely  yet  realized,  and  that  may  account  for  the  extra- 
ordinary variations  of  candle-power  in  Figs.  14  and  15. 
The    authors'    surpiise    at    finding    the    candle-power 
practically  constant  over  a  certain  range  of  length  of  arc, 
with  a  constant  current,  is  somewhat  unexpected,  because 
as  long  ago  as   1893  Professor  Ayrton  announced  this 
fact  *    at    Chicago,  in    connection    with    much    smaller 
currents,  it  is  true.     Again,  in  1897  Monsieur  Blondel.f 
after  an  elaborate  and  beaijtiful  series  of   experiments 
which  should  be  studied  by  everyone  interested  in  arcs, 
published   curves   showing   similar   results  ;     and   other 
experimenters  have  since  done  the  same.     One  of  the 
most    import.int    deductions    made    by    the    authors    is 
the  following  : — "  The  whole  investigation  shows  that,, 
for  the  types  of  carl  0.1s  considered,  there  is  no  sensible 
difference    either  in  average  candle-power  or  in  crater 
brightness  for  carbons  of  the  same  diameter  run  at  the 
same  cuirent  "  (page  93).     This  statement  conflicts  so 
seriously  with  the  figures,  that  it  is  difficult  to  see  how  it 
ever  came  to  be  made.     The  comparison  is  only  possible 
with  the  arcs  run  with  coppered  positives,  since  of  the 
uncoppered  ones  no  two  were  of  the  same  diameter.     But 
even  with  the  former  the  figures  show  wide   differences 
both  in  candle-powers  and  in  crater  brightnesses.     Take 
the  current  of  123  amperes.     The  average  candle-power 
varies  (Table  1)  from  9,800  to  14,500 — some  48  per  cent — 
and  the  crater  brightness  from  130  candles  to  174  candles 
— 26  per  cent.     With  the  current  of   185   amperes  the 
percentages  are  somewhat  less,   but  still  considerable. 
The    average    candles    vary    from    20,900    to    25,500 — 
22  per  cent — and  the  crater  brightness  from  169  to  187 
candles — 1 1  per  cent.     W'ith  neither  current,  therefore, 
does  the  deduction  appear  to  be  warranted,  nor  is  it 
borne    out    by    my    own    experience.     Passing    to    the 
efficiencies  of  the  various  arcs,  which  the  authors  have 
measured   by   the  ratio   of   the   candles   to   the   power 
consumed  in  the  arc,  I  should  like  to  call  their  attention 
to  the  fact  that  this  ratio,   while  a  very    interesting- 
one  from  a  scientific  point  of  view,  is  no  measure  of  the 
true  efficiency  of  the  arc.      In  very  early  days  it  was 
recognized  that  a  resistance  was  required  in  series  with 
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the  arc,  if  it  was  to  bum  steadih'  ;  and  I  have  shown  * 
that  such  a  resistance  is  not  merely  needed  to  "  steady  " 
it,  as  was  supposed,  but  that  without  a  certain  minimum 
resistance  in  series  with  it  no  silent  arc  can  be  maintained 
at  all,  and  that  this  necessary'  resistance  is  greater  the 
longer  the  arc,  and  the  smaller  the  current,  and  varies 
with  the  type  of  the  carbons.  The  power  consumed  in 
this  inevitable  resistance  is,  then,  an  integral  part 
of  the  power  required  to  maintain  the  arc  ;  and  it  is 
the  ratio  of  the  candles  to  the  sum  of  the  powers  consumed 
in  the  arc  itself  and  in  this  outside  resistance  that  is 
the  true  measure  of  the  efficiency  of  the  arc.  .\s  this 
outside  resistance  has  ordinarily  to  be  more  than  enough 
to  include  that  of  the  leads,  switches,  etc.,  the  efficiency 
may  generally  be  taken  to  be  simply  the  ratio  of  the 
candles  to  the  power  expended  by  the  generator.  To 
take  an  example  :  I  have  found  that  with  currents 
lip  to  150  amperes  with  lengths  of  arc  suitable  for 
searchlights,  the  potential  difference  at  the  terminals 
of  the  generator  has  to  be  from  20  to  25  volts  higher  than 
the  potential  difference  across  the  arc.  If  even  only  the 
lower  value  was  needed  for  the  most  efficient  arcs 
employed  in  the  present  investigation  we  find  that  the 
true  efficiencj'  of  the  125-ampere  arc  with  carbons 
III  (Table  i),  and  of  the  185-amperearc  with  carbons  IX 
was  i'5  instead  of  2-0.  Thus  the  most  efficient  of  the  arcs 
examined  was  25  per  cent  less  efficient  than  a  half-watt  lamp. 
This  result  comes  as  a  great  surprise  to  me,  as  it  will, 
I  think,  to  many  others.  It  is  quite  possible  that 
the  extremely  careful  light  tests  applied  by  the  experi- 
menters have  shown  that  the  arc  is  a  far  less  efficient 
source  of  light  than  is  usually  supposed  :  but  also, 
possibly,  the  arcs  were  not  burnt  under  the  best  condi- 
tions for  the  particular  carbons  under  trial.  The  first 
hypothesis  can  only  be  tested  by  further  experiment  ; 
but  the  paper  itself  gives  data  by  means  of  which  the 
second  can  be  determined.  Carbons  I  to  V  were  so 
evidently  unfit  to  carry  any  current  approacliing  200 
or  even  185  amperes,  that  one  wonders  why  those 
particular  sizes  were  chosen.  What  is  to  be  learnt, 
for  instance,  from  carbons  rated  at  00  amperes  when 
one  is  looking  for  those  that  will  run  well  with  200 
amperes  ?  Nothing  but  that,  run  at  their  own  rating 
and  under  their  own  conditions,  the)'  maintain  a  good 
steady  arc.  If,  indeed,  after  having  found  this,  other 
carbons  of  the  same  type,  but  of  diameters  sufficient 
to  carry  200  amperes,  had  been  made,  and  tested  under 
their  own  best  conditions,  then  an  immense  amount  of 
knowledge  would  have  been  gained.  It  is  usual,  in 
scientific  investigations,  to  change  only  one  variable  at 
a  time.  This  is  not  possible  in  the  case  of  the  arc  ;  if 
one  alters  the  diameter  of  the  positive  carbon,  in  order 
to  use  a  larger  current  with  safetv,  the  diameter  or 
constitution,  or  both,  of  the  negative  must  also  be 
altered,  and  in  all  probabihtj'  the  potential  difference 
across  the  arc  will  require  to  be  changed  too.  These 
changes  are  ine\'itable  ;  but  why  make  an  extra  one 
that  was  not  ine\dtable  ?  Why  copper  the  positi^■e 
carbon,  when  all  those  smaller  ones  had  been  uncoppered  ? 
How  is  it  possible  to  tell  whether  any  given  effect  was 
produced  by  enlarging  the  positive  or  by  coppering 
it  ?     Had   coppered   and    uncoppered    positives   of   the 
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same  size,  with  their  appropriate  negatives,  been  tried, 
of  each  t\'pe,  each  pair  under  its  own  best  conditions, 
what  a  store  of  information  we  should  have  gained 
from  investigators  who  take  such  immense  pains  over 
their  experiments.  But  not  even  the  best  conditions 
were  apphed  in  every  case.  With  one  of  the  uncoppered 
positives  that  the  authors  found  unsatisfactorv,  I  have 
made  many  most  satisfactory  experiments  with  currents 
up  to  150  amperes  ;  but  it  was  with  a  different  negative, 
and  at  least  some  of  the  other  conditions  were  different 
although  I  used  the  same  type  of  lamp  and  projector 
as  the  authors.  .\s  my  experiments  were  eminently 
satisfactory,  enabling  me  to  maintain  a  perfectly  steady 
arc  on  the  automatic  feed  (a  much  more  severe  test  than 
hand  feeding)  during  the  whole  4^  hour  lives  of  the 
carbons,  I  tfiink  I  may  claim  that  my  regime  was  the 
right  one.  I  made  no  absolute  tests  of  the  light  with 
these  carbons  ;  but  I  made  comparative  tests  against 
the  light  given  out  by  another  of  the  pairs  of  carbons 
tested  bv  the  authors,  and  found  with  a  current  of  120 
amperes  that  my  carbons  gave  something  hke  50  per  cent 
more  light,  at  the  expense  of  about  20  per  cent  more 
power.  I  believe  that,  under  the  proper  conditions, 
these  carbons  would  afford  a  more  efficient  arc  than  any 
of  the  pairs  with  coppered  positives  tried  in  this  investiga- 
tion. It  seems  to  me  that  investigators  have  gone  off 
on  quite  a  wrong  tack  in  turning  to  coppered  positives ; 
even  these  experiments  show  that  the  efficiency  of  the 
arc  is  not  increased  thereby  ;  but  it  would  take  too  ranch, 
space  to  give  my  other  reasons  here.  Much  that  I  should 
like  to  say  ahout  negatives,  which  are  so  important,  but 
which  receive  such  scant  attention  now,  I  must  also  omit. 
One  word  I  must  say.  There  are  usually,  at  the  present 
time,  at  least  three  variables  in  a  negative — a  core,  an 
outer  shell  and  a  copper  coating.  In  order  that  such  a 
negative  may,  with  any  given  current,  remain  intact, 
except  where  it  is  actually  burnt  by  the  arc,  its  resistance 
must  be  so  low  that  the  temperature  produced  by  the 
mere  passage  of  the  current  is  less  than  that  required 
to  oxidize  the  copper  coating.  \\Tiy,  then,  with  three 
variables  and  all  the  possible  combinations  of  them 
at  their  disposal,  do  present-day  investigators  almost 
invariably  turn  their  whole  attention  to  the  copper 
coating,  when  they  want  to  increase  the  current  sent 
through  a  given  carbon  ?  That  is  much  easier  than 
finding  by  experiment  how  the  other  variables  might 
be  altered,  hut  the  result  is  disastrous  when  it  leads  to 
such  heax'y  ccppering  that  the  mirror  is  injured  by 
falling  drops  and  the  arc  by  too  much  copper  vapour. 
Experiments  which  require  the  making  of  large  varieties 
of  experimental  cartons,  with  their  sizes  and  the 
proportions  of  their  variables  di'Vering,  are  tedious, 
and  lengthy  ;  but  in  the  long  run  I  think  they  pay 
better  than  simply  piling  mere  and  more  copper  on 
to  carbons  made  for  smaller  currents. 

Captain  J.  Paley-Yorke:  The  paper  is  really 
a  comparison  cf  carbons  without  reference  to  the  search- 
light beams  which  are  produced  by  them,  and  I  suggest 
that  a  more  suitable  title  for  the  paper  would  have 
been  "  Carbon  electrodes  for  use  in  searchlights."  The 
results  are,  however,  very  interesting  and  valuable, 
namely,  that  with  different  carbons,  there  is  very 
httle  difference  in  the  total  flux  of  Ught  and  in  1:1.  e 
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intrinsic   brilliance   of   the   crater.     It   should   be   very 
comforting  to  those  of  us  who  were  actively  associated 
with  the   searchlight   in   warfare  to.  feel  that  there  is 
at  least  one  factor  in  connection  with  the  searchlight 
which   can   be   regarded   to   some   extent   as   constant. 
Unfortunately,    however,    the    total    fiux    is    certainly 
not  a  criterion  of  the  ability  of  an  arc  to  give  a  high- 
intensity  beam  in   a   searchlight,   though   I   agree  that 
the   intrinsic   brilliancy   might   be   more   of  a  measure, 
if  we  were  sure  that  the  craters  were  of  equal  shape, 
equally    luminous    per    square    millimetre    of    surface, 
and  that  we  had  no  disturbing  factors  such  as  flame 
or   fume,   and  difference  in   quality.     The   authors  re- 
cognize some  of  this,  I  think,  for  on  page  85,  col.  i,  par.  4 
■oi  the  paper  they  say  "  the  more  important  factor  is 
.   .  .  the  average  candle-power  of  the  crater  in    direc- 
tions embraced    by  the  mirror."     1   submit  that  even 
there  the  authors  do  not  go  far  enough.     Surely  it  should 
be  the  proportion  of  the  average  candle-power  in  the 
angle  embraced  by  the  mirror  which  will  fall  upon  the 
min'or  in  such  a  direction  that  it  would  be  reflected 
back  again  within  the  angle  of  dispersion  required  in 
the  beam.     Unfortunately  that  is  often  a  very  different 
thing  indeed.     My  opinion  is  that  there  is  only  one  way 
of  comparing  arcs  for  searchlight  purposes,  and  that  is 
by  burning  the  arc  in   the  searchlight  in   the  manner 
in    which    the    authors    had    originallj-    intended,    and 
which   the5'   abandoned   when   they  came   across  some 
of   the   difficulties.     I   do  not   wish  to   minimize  those 
difficulties  ;    indeed,  I  could  add  to  the  schedule  which 
the  authors  set  forth,  but  it  was  quite  impossible  for 
us   not  to   face  them,   and   we   have  taken   thousands 
of  readings  on  outdoor  work.     In  par.  3  (a)  to  (/)  the 
authors   have   given    a   schedule   of   the   difficulties   of 
outdoor   work.     I    admit   that    3    (a)    is   a   very   great 
difficulty   indeed,   but   we   had   to   meet   it   by   always 
having  one  arc  as  a  standard  of  reference,  by  having 
skilled   personnel  and  careful  rehearsals  of  our  scheme 
of  operations  ;     first  taking  the   standard   beam,   then 
the   beam   which   was   being   tested,    then    back   again 
very  rapidly  to   the   standard   beam,   and  back   again 
to  the  beam  being  tested.     Night  after  night  we  re- 
peated   this    performance    and    compared    the    results. 
We  found  that  if  on  one  night  beam  A  was  twice  as 
good  as  beam  B,  on  another  night  beam  A  would  again 
be   twice  as   good   as  beam   B,   although  the  readings 
were  taken  under  entirely  different  conditions.    We  came 
to    our    conclusions    after    we    had    taken    dozens    and 
dozens  of  tests  with  carbons  A  and  carbons  B.     Then 
again  we  might  find  with  beam  A  and  beam  C  that  the 
relationship  was  not  always  the  same,  that  sometimes 
C  was  half  as  good  and  sometimes  it  was  three-quarters 
as  good,  and  so  forth.     Even  that  was  of  the  greatest 
value,  for  it  showed  us  the  danger,  or  perhaps  the  ad- 
vantage, of  using  some  particular  form  of  impregnation 
in   the   carbon.     I    refer   in   particular   to   Table    i    on 
page  8g  and  carbons  VIII  and  IX.     It  will  be  noticed 
that    carbons   VIII    and    IX,    indeed    all   the    carbons, 
differ  very  little  from  one  another  ;   but  we  found  in  our 
tests   that   those  two   particular  carbons   differed    tre- 
mendously   from    one    another — so    tremendously   that 
we  could  have  no  hesitation  in  rejecting  that  one  which 
was  always  the  worse.     I  have  not  time  to  go  into  the 


other  objections  which  the  authors  have  raised,  but 
every  one  of  them  can  be,  and  was,  overcome.  May 
I  say,  in  conclusion,  that  one  rather  gathers  the  impres- 
sion from  the  paper  that  such  improvements  as  the 
reduction  in  the  diameter  of  the  carbons,  the  coppering 
of  the  carbons,  and  the  abolition  of  the  core,  were 
introduced  by  the  National  Physical  Laboratory.  I 
am  quite  sure  that  such  an  impression  was  not  meant 
to  be  conveyed,  but  I  think  I  may  be  pardoned  if  I 
state  that  these  improvements  were  introduced  by 
the  Anti-Aircraft  Searchlight  Experimental  Establish- 
ment of  the  War  Office,  attached  to  the  London 
Electrical  Engineers,  at  a  date  prior  to  the  tests  of  which 
this  paper  is  a  report. 

Mr.  H.   B.  Grylls  :   The  most  interesting  point  in 
the  paper  is,   I   think,   in   Fig.   5,   which  deals  with  a 
great  many  variables.     In  the  curve  of  candles  and  arc 
lengths  it  is  pointed  out  that  practically  no  difference 
in  candle-power  exists  when  arc  lengths  are  considered 
of  from   10  mm.  to  about  35  mm.  in  length.     That  is 
true  ;    but  there  is  a  ver^-  considerable  difference  in  the 
crater    areas   produced    at   those    various   arc   lengths, 
and  as  the  potential  differences  across  the  arc  are  also 
very  different,  we  can  get  a  guide  as  to  the  most  eco- 
nomical carbon  from  the  point  of  \i.ew  of  power  con- 
sumption in  watts.     Further,  as  Mrs.  Ayrton  has  just 
said,  there  is  certainly  no  question  that  with  a  short 
arc  we  have  a  more  intense  crater.      I  may  add  that 
on  one  occasion  when  Mr.  Heape  and  I  were  working 
on   beams   at   Brooklands,    we   found   that   one   of  the 
most  intense  beams  was  obtained  with  a  cored  carbon 
while  the  tip  of  the  negative  carbon  was  actually  inside 
the  crater — a  very  deep  crater,  of  course.     We  used  a 
rotating   positive   electrode,    but   whether   the   positive 
was  rotated  or  not  we  always  found  that  the  shorter 
the  arc  the  easier  it  was  to  manipulate.     I  do  not  know 
whether  with  Captain  Yorke's  de\ice  that  would  hold 
good.     It  also  had  the  advantages  of  ha\dng  a  smaller 
potential  difference  across  it,  and  we  invariably  found 
that  we  got  a  more  intense  beam.    That,  of  course,  only 
refers  to  the  conditions  when  one  is  attempting  to  get 
a  beam  of  the  smallest  diameter,   that  is  to  say  the 
smallest  divergence  possible.     In  Fig.  5,  if  we  compare 
the  potential  differences  across  arc  lengths  of   10  mm. 
to  30  mm.,  we  see  they  are  58  and  65  volts  respectively, 
and  these  figures  refer  to  a  carbon  impregnated  by  the 
process   for   which   Mr.    Heape   and   I   are   responsible. 
I  have  always  found  that  carbons  impregnated  have  a 
lower  potential  difference  at  anv  particular  arc  length 
than  carbons  not  impregnated,  and  they  are  still  lower 
with  cored   positives.      Captain    Yorke   made  a   great 
point  of  measuring  beams  as  against  the  carrying  out 
of  laboratory  measurements.     We  tried  measuring  the 
intensity  of  beams  for  some  considerable  time  at  very 
short  range — a  range  of  some  50  \ards — and  we  gave 
it  up  as  quite  hopeless  owing  to  the  fact  that  an  arc 
is  not  a  point-source  of  light,  and  hence  that  the  dis- 
tribution  of  light  in   the  beam  does  not  settle  down 
within  300  yards  or  so  of  the  searchUght.      The  only 
beam  tests  that  can  be  of  any  use  are  long  ones,  some- 
thing like  500  yards  for  preference.     It  is  almost  always 
impossible   to    get    500   yards   without   the    objections 
raised  by  the  National  Physical  Laboratory,  and  there- 
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fore  we  look  forward  very  much  indeed  to  the  time 
when  the  laboratory  carries  out  what  is  foreshadowed 
in  the  early  part  of  the  paper,  namely,  to  increase 
the  scope  of  their  tests  by  measuring  the  illumination 
falling  upon  different  concentric  zones  of  the  mirror. 
When  that  is  done  a  proper  calculation  can  be  made, 
which  ought  to  give  the  intensity  and  distribution  of 
the    beam    obtained    from   that    carbon. 

Mr.  Haydn  T.  Harrison  :  I  wish  to  congratulate 
the  authors  on  their  extremely  ingenious  design  for  carry- 
ing out  measurements  of  carbons,  but  I  cannot  add  the 
words  "for  searchlights."  The  actual  requirements  of 
a  searchUght  are  not  spherical  candle-power,  but  only 
20  per  cent,  of  the  sphere.  Although  it  is  stated  that 
the  second  object  of  carrying  out  these  tests  was  to 
develop  a  method  of  testing  in  order  to  prove  their 
value  for  searchlights,  the  method  of  testing  adopted, 
unfortunately,  cannot  prove  their  value  for  searchlights, 
because  it  does  not  give  any  indication  of  the  one  quan- 
titv  we  want  to  know,  namely,  the  luminous  flux  which 
will  fall  on  the  mirror  of  the  searchlight.  This  had  been 
borne  out  by  some  of  the  most  important  investigators. 
For  example,  Jean  Rey,  who  has  done  much  v/ork  in  this 
particular  branch,  definitely  stated  that  there  could 
be  no  factor  which  would  reduce  spherical  candle-power 
or  total  luminous  flux  to  the  actual  value  of  the  flux 
reaching  the  mirror.  Therefore  it  is  impossible  for 
anvbody  to  ascertain.-  from  the  results  of  these  tests, 
the  relative  value  of  these  carbons  ior  searchlight  work. 
The  alternative  method  put  forward  is  the  intrinsic 
brilliancy  of  the  crater.  Captain  Yorke  has  already 
stated  that  that  would  have  been  of  some  assistance 
in  turning  this  work  into  practical  value  if  we  had  known 
the  actual  diameters  and  configurations  of  the  craters, 
but  as  these  are  not  given  it  is  impossible  to  apply  the 
cosine  law  ;  and  even  if  one  could,  again  referring  to 
Jean  Rey  and  others,  the  brilliancy  of  the  crater  is  not' 
uniform.  The  figures  of  brilliancy  given  here,  which 
corroborate  manv  other  published  figures,  are,  I  con- 
clude, average  intrinsic  brilliancy.  I  should  like  the 
authors  to  tell  us  exactly  how  they  define  the  edge  of 
that  particular  area  over  which  the  brilliance  was  taken. 
The  authors'  reasons  for  abandoning  the  open-air  tests 
I  can  thoroughly  appreciate,  but  they  make  a  statement 
which  saems  to  me  rather  extraordinary,  namely :  "  The 
\arious  sources  of  uncertainty  in  the  conditions  were 
sufficient  to  mask  such  differences  completely."  If  we 
turn  to  the  results  we  shall  find  that  the  differences  in 
candle-power  per  watt,  for  instance,  are  as  much  as  10 
per  cent.  It  is  said  that  the  instrument  which  it  was 
necessary  to  use  if  the  searchlight's  open  beams  were  to 
be  considered,  could  only  be  considered  correct  within 
5  per  cent,  plus  or  minus.  Therefore,  in  the  actual 
results  they  were  testing,  there  was  a  divergence  of  10 
percent.,  and  the  instruments  they  were  using  for  that 
beam  test  would  also  be  liable  to  vary  by  10  per  cent. 
It  naturally  follows  that  they  would  not  perceive  the 
difference  in  the  beam  when  measured  in  that  way.  But, 
as  Captain  Vorke  has  pointed  out,  the  difference  is  very 
much  greater  in  the  actual  beams  than  appears  from  the 
results  given  in  the  paper.  I  am  particularly  sorry 
that  this  method  of  testing  was  adopted,  because  of  the 
fact  that  one  cannot  utilize  the  values  as  I  had  wished 


to  utilize  them  for  measuring  the  luminous  flux  on  the 
mirror  ;  but  I  do  not  wish  in  any  way  to  depreciate 
the  value  of  these  tests  or  the  paper,  as  it  will  always 
have  value  as  proving  certain  points  which  had  been 
considered  by  some  people  to  be  open  to  question.  1 
am  also  rather  sorry  that  the  figures  have  been  stated 
in  candle-power ;  by  luminous  flux  is  not  generally 
meant  candle-power,  and  anybody  reading  Table  i 
would  be  very  much  misled,  because  it  does  not  say 
whether  spherical  or  hemispherical  candle-power,  or 
maximum  candle-power  is  referred  to,  therefore  when 
they  see  a  result  such  as  two  candles  per  watt  they 
would  put  down  the  efficiency  of  the  lamp  as  about 
equal  to  that  of  a  gas-filled  incandescent  lamp  as  made 
to-day,  which  is  far  from  correct  when  searchUghts  are 
mentioned   or  considered. 

Mr.  M.  Solomon  :  I  take  a  very  different  view  from 
that  expressed  bv  Mr.   Harrison  or  Captain  Yorke.     I 
quite  agree  that  the  ultimate  test  of  carbons  for  search- 
lights or  of  searchlight  arcs  is  only  to  be  obtained  by 
actual  measurements  on  the  beam  under  working  con- 
ditions :  but  having  had  a  very  long  experience  of  the 
work  which  has  been  done  in  this  country  on  sesirchlight 
testing,  I  have  no  hesitation  in  saying  that  no  finality 
would  ever  be  reached  if  experimenters  were  to  confine 
themselves  to  this  method.     The  problem  is  excessively 
complex,  and  it  can  only  be  tackled  by  dealing  with  the 
various   parts   of  it   separately,    and   there   are   a  large 
number  of  those  parts  which  can  be,  and  in  this  instance 
have  been,  dealt  with  very  satisfactorily  under  labora- 
tory conditions.     The  authors  set  out  to  explore  one 
particular    aspect    of    searchlight    arcs,    the    question 
whether,  in  what  is  known  as  an  ordinary  carbon  arc,' 
the  composition  and  to  some  extent  the  treatment  of 
the  carbon  made  any  very  material  difference.     I  think 
the  paper  has  cleared  up  to  a  very  large  extent  that 
question   by   showing   that   the   composition    does   not 
make  anv  material  difference.     I  regret  that  the  authors 
have  not  given  more  data.     I  should  like  to  know  very 
much  in  connection  with  all  these  carbons  the  diameter 
and  the  shape  of  the  crater.     I  appreciate  that  that  is 
'  a   difficult  thing  to  define,   but  even  an  approximate 
measurement  would  have  been   very  valuable.     I   am 
quite  sure,  however,  that  in  the  case  of  carbons  Nos. 
VIII  and  X,   where  the    difference    in  composition  is 
very  radical,  the  differences  in  the  craters  would  not  have 
been  sufficiently  great  to  vitiate  the  result  and  that  there 
is  no  appreciable  difference  in  the  value  of  those  two 
carbons  for  searchlight  work.      Tliis  assumes  of  course 
that  other  things,  such  as  steadiness  of  burning  and  so 
forth,  are  equal.       I  was  very  much  surprised  at  this, 
because  of  the  result  which  the  National  Physical  Labo- 
ratory obtained  many  years  ago  when  they  investigated 
these  two  quahties  of  carbon  at  low  current  densities 
on    behalf   of    my   Company.     They   then   found    that 
carbons  of  the  composition  of  No.  X  were  23  per  cent 
better  than  carbons   of    the  composition  of  No.  VIII, 
and  I  must  confess  that  it  was  a  great  surprise  to  me 
to  find  that  at  these  very  high  current  densities  that 
result  no  longer  holds.      I  should  therefore  like  to  em- 
phasize that  point  again,  that  I  believe  this  paper,  by 
isolating   that   particular   aspect   of   the   problem,    has 
cleared  the  ground  and  made  future  work  much  more 
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easy  and  much  more  likely  to  progress.  I  should  like  to 
touch  on  one  other  point.  Fig.  5  shows  that  if  obscuration 
can  be  avoided  the  shorter  the  arc  the  better  is  the  light 
obtained.  In  some  of  these  carbons  one  cannot  burn 
a  short  arc  because  the  arc  begins  to  hiss.  In  other 
words,  we  are  up  against  a  definite  physical  property 
of  the  arc  which  prevents  us  going  below  a  certain  length. 
In  other  carbons  such  as  the  impregnated  carbons, 
one  can  use  as  short  an  arc  as  one  desires.  The  avoidance 
of  obscuration  is  here  not  a  physical  question — Mrs. 
Ayrton  has  pointed  out  that  it  corrects  itself  to  a  large 
extent — it  is  a  mechanical  question  ;  and  therefore  it  is 
not  fair,  in  my  opinion,  to  compare  such  impregnated 
carbons  with  unimpregnated  carbons  on  the  basis  of 
an  arc  length  which  is  determined  by  obscuration, 
because  in  the  one  case  we  are  deaUng  with  a  phy- 
sical factor,  and  in  the  other  case  it  is  nothing  of  the 
sort. 

Professor  J.  T.  MacGregor-Morris  :   I  agree  with 
IMr.   Solomon  in  thinking  that  the  way  in  which  the 
authors  have  tackbd  the  subject  is  the  surest  one,  i.e.  to 
di\-ide  the  problem  into  its  separate  parts  and  settle 
these   step  bv  step.     The   final  problem,   as  has  been 
stated  by  a  number  of  speakers,  is  to  determine  the 
efficiency  of  a  carbon  searchlight  in  the  open  in  actual 
use,  but  that  is  a  very  much  larger  problem.     I  will 
touch  on  one  or  two  points  rapidly.     First  of  all,  1  see 
that  owing  to  mi=t  in  the  air  large  variations  have  been 
found.     I  should  like  the  authors  to  state  at  what  height 
above  the  ground  these  measurements  were  made.     As 
they  were  made  in  Bushey  Park,  apparently  they  have 
been  made  o\-er  grass,  where  moisture  would  be  more 
prevalent  than  in  the  streets  of  a  town.     I  am  consider- 
ing these  variations  with  regard  to  the  question  of  the 
photometiy  of  lamps  in  streets.     Is  the  question  of  the 
obscuration  by  the  atmosphere  an  important  one  when 
the  distance  is  only  sometliing  like   100  or  200  feet  ? 
Then  I  should  like  to  ask,  with  regard  to  the  tests  on 
the  carbons  in  the  photometer,  whether  they  were  dried 
out  before  they  were  used.     It  is  known  that  it  is  very ' 
essential  to  dry  out  carbons  before  use.     Mr.   Forrest 
found  in  my  laboratory  that  if  we  wanted  to  get  an  arc 
to  burn  as  quietlv  as  possible  it  was  important  to  heat  the 
carbons  to  a  red  heat  in  an  electric  furnace,  allow  them 
to  cool  down,  keeping  them  in  a  fairly  air-tight  chamber, 
and  then  to  use  them  as  required.     I  suppose  that  none 
of  these  arcs  were  what  would  be  called  silent  arcs. 
Then  wath  regard  to  the  details  of  errors,   have  com- 
parisons of  calibrations  of  the  cube  been  made  with  a 
tungsten    vacuum    lamp,    secondly,    with    a    tungsten 
nitrogen-filled  lamp,   and  thirdly  with  a  tungsten  arc 
or  "  Pointolite  "  lamp  ?     What  kind  of  variations  in  the 
constant  would  be  obtained  in  the  cube  photometer  for 
different  polar  distributions    and  different  qualities  of 
the  light  emitted.     These   would   be   useful   figures   for 
other  investigators  engaged  on  cube  photometers.    Then 
I  think  it  would  be  an  advantage  to  give  more  details 
with  regard  to  the  positions  of  the  shutters  in  these  cube 
photometers.     It  is  absolutely  essential  in  photometers, 
especially  where  one  is  doing  high-pressure  gas  testing, 
to  have  good  ventilation.     Next,    with    regard  to  the 
discolouration  of  the  cube  photometer,   was  that  due 
to  heat,   and  if  so,   how  much  did  the  constant  vary 


throughout  the  tests  ?  On  page  87,  expressions  are 
given  for  the  transmission  coefficient  of  neutral  and 
coloured  filters.  Will  the  authors  state  in  their  reply 
the  values  of  these  coefficients  and  what  variations 
the}'  found  in  theni  ?  I  have  personallv  found  in  arc- 
lamp  photometry  that  it  is  better  to  do  away  entirelv 
with  coloured  screens  and  measure  the  direct  beam, 
and  also  to  do  away  with  mirrors  if  one  possiblv  can. 
From  a  comparison  of  the  results  of  various  observers 
I  find  that  the  degree  of  precision  obtained  is  quite  as 
high  as  that  which  is  obtained  when  coloured  screens 
are  used,  and  the  results  are  more  reliable.  The  figures 
for  the  intrinsic  brightness  of  the  crater  are  most  inter- 
esting, particularly  in  view  of  the  work  which  many 
observers  have  done  in  conaection  with  the  electric 
arc,  and  the  following  table  collects  the  results 
of  various  investigators  arranged  in  chronological 
order. 


Investigator 

Candle-power 
per  sq.  mm. 

Remarks 

Abney 
Trotter 

39-116 
80-170 

Blondel,  1893 

160 

Petavel,  1899 

147 

006    to   026  ampere 

Forrest,  1913 

162 

per  sq.  mm. 
Silent  arcs,    about    8 

1913-14    •• 

172-174 

amperes  solid  carbon 
Silent  arcs,    about    8 

Paterson  and  others, 
1919 

1     156* 

(    i78t 

amperes  solid  carbon 
Slightly  humming  arc, 
100  to  200  amperes, 
solid   carbon 

0*2  ampere  per  sq.  mm. 


t  0*3  ampere  per  sq.  mm. 


The  authors'  figures  range  between  156  and  178  c.p  , 
so  that  it  appears  that  the  values  obtained  with 
currents  of  about  8  amperes  and  with  currents  of  100 
to  200  amperes  are  substantially  the  same. 

Mr.  A.  P.  Trotter  :  Trial  in  open  country  must 
be  the  ultimate  test  of  a  projector.  The  meadows 
of  Teddington  are  hardly  the  right  place  :  I  should  like 
the  work  to  be  carried  out  from  Leith  Hill  to  Box  Hill, 
and  so  get  rid  of  the  mists.  This  research  is  of  great 
interest,  but  seems  to  relate  to  carbons  generally  rather 
than  to  carbons  for  searchlights.  It  is  very  interest- 
ing, as  showing  there  is  very  little  difference  between 
the  carbons,  and  it  is  probable  that  the  intrinsic  brilliance 
will  also  follow,  and  that  is  what  is  wanted.  I  cannot 
understand  why  the  authors  give  so  much  attention 
to  the  total  flux  when  dealing  with  projectors.  Barring 
such  things  as  smoke  and  irregularities,  intrinsic  brilliance 
is  the  main  thing  to  be  considered.  Theoretically, 
if  we  have  a  crater  of  one  square  millimetre  and  a  good 
mirror,  if  viewed  from  a  considerable  distance  it  will 
appear  full  of  light.  It  cannot  be  more  than  full 
If  the  area  of  the  crater  is  increased,  all  that  we  do  is 
to  increase  the  angle  of  the  beam.  It  is  a  paradox, 
but  the  candle-power  of  the  beam  has  notliing  to  do 
with  the  candle-power  of  the  crater.  Intrinsic  brilliancy 
is  the  main  thing.     The  authors  have  made  some  very 
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interesting  experiments  with  the  cube,  but  by  using 
eight  equilateral  triangles  of  840  rpm.  side  cutting  off 
each  corner,  one  would  get  a  much  closer  approximation 
to  a  sphere,  because  we  know  that  the  cube  does 
not  behave  exactly  as  the  sphere.  No  information 
is  given  in  Table  i  about  the  area  of  the  crater. 
The  diameter  of  the  crater  is  by  no  means  the  diameter 
of  the  carbon.  Carbon  wastes  away  at  the  end.  In 
a  research  on  the  intrinsic  brightness  of  the  arc  in 
1894  I  did  not  have  any  lens  or  nirror,  but  merely 
took  a  diaphragm  with  a  small  hole,  and  I  put  that  in 
front  of  the  crater  at  a  sufficient  distance  away  so  as 
not  to  get  it  burned  up,  br.t  at  the  samn  time  as  close 
as  possible,  and  I  simplv  received  the  bean~  through  that. 
The  candle-power  per  square  millimetre  of  crater  was  very 
easilv  calculated.  I  very  soon  found  that  it  was  by  no 
means  uniform,  especially  when  the  arc  was  humming. 
If  there  was  any  humming  at  all  there  was  a  rotating 
bright  patch  in  the  arc,  rotating  from  100  to  140 
times  a  second  ;  part  of  that  is  a  bright  spot,  and  very 
different  from  the  rest  of  the  crater.  For  a  silent  arc 
i6p  c.p.  per  sq.  mm.  is  a  very  fair  result.  I  am 
not  surprised  to  find  that  the  brightness  is  not  constant 
for  all  current  densities  and  sizes  of  crater,  biit  I  am 
not  con\-inced  that  the  straight  line  in  Fig.  7  nor  the 
other  lines  in  the  other  figures  give  the  true  relation  of 
intrinsic  brightness  to  current  density.  Mr.  Forrest 
in  his  work  eliminated  some  of  the  difficulties  by  using 
verv  small  carbons.  The  result  of  the  authors'  work 
■would  greatlv  help  the  study  of  electric  arcs,  which 
are  falling  out  of  use  except  for  searchlights. 

Major  K.  Edgcumbe  :  I  feel  that  fully  to  appreciate 
this  paper  one  must  realize  how  verj^  meagre  were  the 
data  which  the  designer  of  a  searchlight  had  at  his 
disposal  a  few  years  ago.  Therefore,  although  I  fully 
agree  with  what  Captain  Yorke  and  Mr.  Harrison  say 
as  to  the  mean  spherical  candle-power  or  the  average 
candle-power  not  being  the  final  criterion,  at  the  same 
time  to  know-  that  the  average  candle-power  given 
out  in  all  directions  by  any  pair  of  carbons  will  be  the 
same  irrespective  of  their  nature  is  an  enormous  advance. 
At  the  time  when  these  experiments  were  being  carried 
on  I  was  at  the  War  Ofticf,  and  we  were  continually 
ha\ing  suggestions  made  to  us  for  an  improvem.ent  of  the 
carbons.  It  was  very  difficult  either  to  prove  or  disprove 
the  claims  without  very  laborious  tests.  I  should  like 
to  congratulate  the  authors  on  their  self-restraint  in 
ha\'ing  written  a  paper  of  15  pages  on  the  subject  of  an 
illuniinant,  without  once  mentioning  the  word  "  lumen  " 
nor,  as  a  corollary,  introducing  the  term  4  tt.  We 
seem  to  get  on  very  well  without  either.  The  authors, 
very  rightly  I  think,  lay  great  stress  on  the  question  of 
crater  brilliancy.  That  is  really  the  crux  of  the  whole 
problem.  All  modern  developments  in  high-intensity 
arcs  have  been  in  the  direction  of  forcing  the  current 
into  the  centre  of  the  positive  crater  so  as  to  increase 
the  crater  brilhancy.  I  hardly  think,  in  this  conr.ecticn, 
that  the  authors  have  laid  sufficient  stress  on  that 
exceedingly  simple  and  flexible  method  of  doing  this — 
namely  the  Yorke  control,  which  is  in  my  opinion  the 
only  practicable  method  of  applying  these  high-intensity 
arcs  to  searchlights  for  anti-aircraft  work.  The  authors 
several  times  speak  of  the  carbons  running  "  smoothly 


and  flexibly,"  and  so  on,  without  control.  This  may  be 
all  very  well  under  the  watchful  eye  of  the  observers 
at  Teddington,  but  I  am  inclined  to  think  that  these 
self-same  carbons  would  prove  much  more  stubborn 
under  the  conditions  which  existed  on  the  Western 
Front,  for  example.  The  arc  had  to  be  available 
for  use  at  any  moment — the  most  important  time 
being  often  the  few  seconds  after  opening  out.  One 
could  not  wait  for  the  arc  to  steady  down.  Under  these 
circumstances  it  is  essential  to  have  some  special  form 
of  speed  control,  and  the  Yorke  control  enables  one  to  do 
marvels.  I  am  verj-  glad  to  hear  that  Captain  Yorke  will 
explain  it  at  a  later  date.  Lastly,  I  should  like  to  ask 
whether  the  authors  have  arri\-ed  at  any  definite  decision 
as  to  the  relative  transmission  of  different  coloured 
beams.  When  I  was  at  school  I  was  always  told  that 
the  red  beam  penetrated  best,  and  it  was  proved  to  me 
beyond  doubt  by  showing  that  the  sun  when  it  was  low 
in  the  sky  looked  red.  I  believe  the  more  modern 
idea  is  that  there  are  two  different  forms  of  absorption, 
that  is  to  say,  ordinary  water  vapour  (or  true  fog) 
best  transmits  a  white  Hght,  whereas  sohd  particles, 
such  as  London  smoke,  best  transmit  a  red  light. 
Presumably  the  true  criterion  is  the  colour  of  a  standard 
white  surface  when  exposed  to  davlight  which  has 
passed  though  the  atmosphere  under  investigation. 
If  this  is  so,  it  should  be  possible,  by  means  of  some 
form  of  colour-matching  arrangement,  to  collect  valu- 
able data  imder  various  atmospheric  conditions.  The 
subject  is  one  of  considerable  importance  quite  apart 
from  searchlight  work,  and  merits  more  attention  than 
it  seems  to  have  received. 

Dr.  H.  F.  Haworth  :  The  arguments  that  have  been 
put  forward  against  outside  testing  are  good,  but  results 
to  have  real  value  to  searchlight  designers  should  be 
obtained  from  the  mirror.  Could  not  some  indoor 
method  of  testing  using  a  mirror  be  deNised  ?  Too 
much  emphasis  has  been  given  to  total  flux  measure- 
ments ;  such  curves  are  given  greater  prominence, 
and  the  more  interesting  curves  from  a  searchlight 
point  of  view,  the  crater-intensity  current  curves,  are 
relegated  to  a  corner.  Are  these  average  values  for 
crater  intensity  ?  If  so,  how  does  it  vary  over  the 
crater  ?  In  testing  for  crater  brilliance  with  current, 
would  it  not  be  better  to  choose  a  number  of  suitably 
graded  carbons  of  the  same  composition,  and  measure 
the  crater  brilliancy  when  the  crater  occupies  practically 
the  whole  end  of  the  carbon  ?  The  comparison  as  it 
stands  is  hardly  fair.  With  No.  II  carbon  the  crater 
brilliancy  varies  from  138  c.p.  at  40  amperes  to  175  c.p. 
at  125  amperes.  Would  the  same  thing  have  happened 
if  the  carbons  had  been  so  proportioned  in  each  case 
that  the  crater  had  covered  the  whole  carbon  ?  I 
am  incUned  to  think  not,  and  would  venture  to  predict 
that  the  slope  of  the  crater-brilhancy  curve  would  be 
verj'  much  reduced,  if  indeed  it  did  not  disappear 
altogether.  Current  densities  are  given  in  the  paper  as 
amperes  per  square  millimetre  of  the  carbon.  Would 
it  not  be  more  informative  if  thoy  were  given  as  amperes 
per  square  millimetre  of  the  crater  ?  I  should  like  to 
know  if  the  authors  have  made  measurements  of  crater 
area  under  the  various  conditions.  It  should  be  deter- 
mined whether  crater-area/current  is  a  linear  function 
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at  high  currents.  May  not  the  falling  candle-power 
with  increasing  arc  length  be  due  to  absorption  of  the 
light  from  the  crater  by  the  increasing  volume  of  arc 
vapour  ?  The  statement  on  page  93  that  a  positive 
carbon  taking  200  amperes  at  70  volts  will  emit  the 
same  light  as  one  taking  200  amperes  at  100  volts 
seems  to  be  rather  contradicted  by  curve  5  which  shows 
that  75  volts  maintains  a  50  mm.  arc  and  100  volts  a 
150  mm.  arc.  If  the  candle  and  arc  length  curve  is 
continued  downwards,  it  cuts  the  zero  candle  axis  at 
133  mm.,  so  that  the  positive  crater  would  be  giving 
a  negative  illumination.  No  2  carbon  with  Yorke 
control  is  used  as  the  comparison  standard  for  crater 
intensity.  Are  we  to  assume  that  all  the  curves  were 
taken  with  the  Yorke  control  on  ?  If  so,  will  the  authors 
say  what  difference,  if  any,  in  crater  brilliance  is  pro- 
duced by  this  device.  This  appears  to  be  one  of  the 
reference  points  of  the  work,  yet  nothing  is  said  about 
the  advantages,  or  otherwise,  of  this  device  over  the 
standard  control.  If,  as  seem^  probable,  the  crater 
brilliancy  is  fairly  constant  over  a  wide  range  of  current, 
then  the  size  of  the  positive  carbon  is  practically  fixed 
for  a  given  current,  and  we  then  have  to  produce  a 
negative  carbon  which  will  burn  at  an  equal  rate. 
This  is  very  important  on  account  of  the  necessity  of 
keeping  the  lamp  in  focus.  The  negative  <5arbon  is 
more  difficult.  For  a  16  mm.  carbon  carrying  200 
amperes,  a  reasonable  case,  the  current  density  is  i 
ampere  per  sq.  mm.,  which  is  very  severe.  It  is  neces- 
sary to  reduce  the  resistance  so  that  carbon  only  has  a 
reasonable  amount  of  heat  to  radiate.  In  this  case 
the  copper  sheath  has  to  carry  qo  per  cent  of  the  current. 
If  the  coppering  is  \mcven,  hot-spots  develop,  the 
copper  oxidizes,  and  the  carbon  gets  red  hot  and  is 
soon  destroyed.  If  there  is  too  much  copper,  it  is 
dangerous  to  the  mirror.  I  hope  the  work  will  be 
carried  on,  as  it  is  important  that  for  the  next  war  we 
should  have  thorouglily  efficient  searchUghts. 

Mr.  A.  E.  Angola  :  Do  the  authors  think  it  would 
be  practicable  to  compare  the  brilliancy  of  the  beams 
given  by  the  various  carbons  by  using  a  searchlight 
mirror  focussed  on  a  distant  object  until  the  beam  is 
parallel  and  a  white  disc  of  the  same  diameter  as  the 
mirror  placed  in  the  centre  of  the  beam  at  a  short 
distance  from  the  projector  ?  I  believe  comparisons 
of  the  total  candle-powers  reflected  by  the  disc  would 
be  more  useful  than  measurements  of  the  spherical 
candle-power  and  the  brilliancy  of  the  arc  crater.  Such 
tests  would  still  be  independent  of  atmospheric  con- 
ditions. I  agree  that  carbons  should  be  first  compared 
independently  of  atmospheric  conditions  and  that 
the  percentage  absorption  according  to  the  colour  of 
the  light  and  under  varying  atmospheric  conditions 
should  be  settled  with  a  further  series  of  tests.  With 
regard  to  the  35  per  cent  variation  of  candle-power 
with  the  same  carbons,  do  they  think  there  is  any 
means  of  getting  the  maximum  as  a  normal  thing  ; 
and  in  connection  with  the  measured  improvement  of 
the  brilliancy  as  the  arc  was  shortened,  is  it  safe  to 
assume  that  the  available  candle-power  would  continue 
to  increase  if  the  obscuration  by  the  negative  could 
be  kept  constant  ?  Is  it  not  probable  that  the  great 
depth  of  a  short-arc    crater    increases    the  brilliancy, 


because  the  radiation  is  restricted  to  a  narrow  angle 
and  because  the  long  white-hot  point  which  is  formed 
on  the  negative  reflects  the  heat  back  to  the  crater  ? 
Regarding  long  arcs,  my  impression  is  that  there  is 
some  property  of  the  negative  arc  stream  which  has 
a  cooling  effect  when  it  strikes  direct  on  the  positive 
crater.  A  "  Beck  "  arc  crater  has  its  greatest  brilliancy 
when  the  negative  stream  is  deflected  entirely  away 
from  the  crater  and  the  electrical  circuit  is  completed 
by  the  stream  of  gases  evaporated  and  thrown  out  from 
the  positive  crater  to  meet  the  negative  stream.  This 
is  also  true  if  the  special  feature  of  the  Beck  arc — namely, 
the  methylated-spirit  flames  surrounding  the  carbons — 
is  absent.  It  would  seem,  therefore,  that  some  of  the 
carbons  referred  to  in  this  paper  might  be  capable  of 
giving  a  more  brilliant  crater  if  the  negative  arc  stream 
were  deflected,  but  that  would  probably  necessitate 
rotation  of  the  positive  carbon  to  ensure  even  burning. 
The  arcs  with  the  plain  solid  carbons  would  not  burn 
steadih'  with  a  deflected  .arc,  because  the  voltage  drop 
in  the  arc  stream  near  the  positive  crater  is  not  suffi- 
ciently below  the  sparking  voltage  that  would  jump 
through  the  hot  gases  immediately  surrounding  the 
arc  stream,  but  some  of  the  other  carbons  could  be 
worked  with  a  deflected  arc.  The  effect  of  deflecting 
the  arc  stream  was  forcibly  brought  to  my  notice.  I 
was  instructed  to  experiment  with  a  iio-ampere  Beck 
arc,  but  did  not  get  a  beam  candle-power  proportional 
to  that  obtained  on  the  "  Vernon  "  with  a  130-ampere 
arc.  This  I  found  to  be  due  to  the  smaller  magnetic 
repulsion  of  the  iio-ampere  arc  resulting  in  the  negative 
arc  stream  impinging  straight  into  the  positive  crater, 
but  I  also  found  any  desired  path  for  the  arc  stream 
could  be  maintained  by  varying  the  positions  ol 
the  carbons  and  by  passing  the  lamp  current  through 
conductors  suitably  placed  with  respect  to  the  arc. 

The  Authors  (iti  reply,  communicated]  :  We  wish 
to  express  our  sincere  appreciation  of  the  interesting 
remarks,  and  the  exceedingly  helpful  proposals  and 
suggestions  which  have  been  made  in  the  course  of  the 
discussion,  and  of  the  kind  way  in  which  the  paper 
has  been  received.  We  should  like  to  thank  those  who 
have  taken  part  in  the  discussion  for  the  criticisms 
they  have  made  :  criticisms  of  a  ^'ery  helpful  kind  for 
the  future  work  that  is  projected.  We  should  also  like 
to  thank  those  who  have  defended  the  methods  of 
experiment  described  in  the  paper. 

The  main  criticism  made  by  several  speakers  is  the 
fact  that  the  tests  on  these  carbons  have  not  been 
carried  out  in  the  open.  We  should  be  sorry  if  the 
impression  were  conveyed  that  we  thought  the  methods 
described  were  the  only  methods  which  should  be  used 
in  judging  searchlight  carbons.  On  the  contrary,  we 
have  always  recognized  that  open-air  tests  niust  remain 
the  ultimate  criterion  of  the  efficiency  of  aji  arc  for 
searchlight  work,  but  we  think  there  is  little  doubt  that 
tests  made  in  the  way  described  in  the  paper  give  a 
much  more  speedy  and  reliable  result  than  would  be 
obtained  from  most  of  the  tests  which  could  be  made 
in  the  open.  We  support  the  very  strong  plea  which 
Mr.  Solomon  made,  that  tests  in  the  open,  unless  very 
far  more  thorough  and  extensive  than  is  possible  in 
most  cases,  are  exceedingly  unreUable.     We  are  familiar 
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with  a  great  deal  of  Captain  Paley-Yorke's  work,  and 
look  forward  with  veiv  great  interest  to  hearing  the 
result  of  it.  He  and  his  colleagues  have  put  in  an 
immense  amount  of  labour,  but  we  suggest  that  it  is 
work  such  as  Captain  Yorke  has  done,  combined 
with  that  which  can  be  done  in  the  laboratory,  which 
enables  one  to  form  the  only  true  judgment  of  the 
quality  of  different  carbons. 

.■\nother  point  which  has  been  raised  by  several 
speakers  is  the  relative  importance  of  total  flux  and 
of  crater  -  brightness  measurements.  Some  speakers, 
among  them  Mr.  Harrison,  have  contended  that  it  is 
total  flux  which  really  matters  and  this,  no  doubt,  is 
true  if  a  beam  of  given  divergence  is  aimed  at.  It  has, 
however,  often  been  contended — though  we  beUeve 
that  for  military  work,  at  least,  this  is  no  longer  the 
case — that  a  beam  of  great  concentration  and  high 
penetrating  power  is  required,  and  for  this,  as  Mr. 
Trotter  remarks,  the  crater  brightness  is  the  only  thing 
that  matters.  In  this  connection,  it  is  interesting  to 
notice  that  the  valuable  work  Mr.  Harrison  has  done 
on  the  vapour-cooled  arc  has  all  been  directed  towards 
the' production  of  a  crater  of  very  high  intrinsic  bright- 
ness, and  not  primarily  to  the  increase  of  the  total 
flux  emitted. 

The  question  of  the  diameter  of  the  positive  crater 
has  been  raised  by  several  speakers  and  its  importance 
was  not  overlooked  by  the  authors.  There  are,  however, 
two  points  to  be  considered  in  this  connection.  Where 
the  current  density  is  very  low,  the  edge  of  the  crater 
is  not  at  all  well  defined,  and  any  measurement  of  crater 
brightness  must  of  necessity  be  only  approximate. 
For  the  higher  current  densities,  however,  the  crater 
fills  the  whole  of  the  positive  carbon,  and  thus  the  crater 
area  may  be  taken  as  that  of  the  end  of  the  positive 
in  all  cases  where  the  current  densitj'  is  over  02  ampere 
per  sq.  mm.  The  only  difficulty  now  is  the  decrease 
in  diameter  of  the  positive  carbon  at  the  burning  end. 
The  records  of  our  measurements  of  crater  diameter 
show  that  this  does  not  exceed  5  to  6  mm.  for  a  28  mm. 
carbon  burning  at  0-3  ampere  per  sq.  mm.,  and,  further, 
that  this  decrease  is  sensiblv  the  same  for  all  coppered 
carbons  of  the  same  size  burning  at  the  same  current 
density,  so  that  for  comparative  purposes  it  results  that 
the  total  flux  and  the  crater  brightness  bear  an  approxi- 
mately constant  ratio  to  each  other,  and  this  agrees, 
generally,  with  the  figures  of  Table  I  (coppered  carbons). 
The  remaining  points  raised  may  best,  perhaps,  be 
discussed  seriatim.  Mrs.  A\-rton  referred  to  the  time 
taken  for  carbons  to  shape  themselves.  It  was  alwaj's 
necessary  to  run  the  arc  for  at  least  10  minutes,  often 
longer,  before  a  set  of  measurements  was  undertaken. 
The  negcitive  carbons  used  had  a  hard  core  in  every 
case.  They  did  not  in  even.^  case  bum  away  at  exactly 
the  same  rate  as  the  positives.  The  thickness  of  cop- 
pering of  the  positive  carbons  VHI  to  XIII  is  given 
in  the  paper  as  006  mm. 

With  regard  to  the  extra  light  emitted  in  the  case  of 
a  very  short  arc,  we  do  not  agree  that  this  can  be  attri- 
buted to  the  tapering  of  the  negative  as  the  arc  length 
is  diminished.  If  we  refer  to  Mrs.  A\Ti:on's  book, 
the  diagram*  showing  the  shape  of  the  negative  at 
•  "  The  Electric  Arc,"  p.  334,  Fig.  94. 


different  arc  lengths  indicates  clearly  that  for  the 
I  mm.  and  2  mm.  arcs  the  carbon  diameters  are,  at 
equal  distances  from  the  crater,  nowhere  less  in  the 
former  than  in  the  latter,  so  that  the  amount  of  light 
obscured  in  the  case  of  the  i  mm.  arc  must  necessarily 
be  greater  than  that  obscured  in  the  case  of  the  2  mm. 
arc,  and  though  the  relative  amounts  may,  and  probably 
will,  not  be  exactly  as  given  by  the  formula  at  the 
conclusion  of  our  paper,  yet  it  will  be  apparent  from  a 
glance  at  the  diagrams  referred  to,  that  the  light  obscured 
by  the  negative  of  the  left-hand  diagram  (i  mm.  arc) 
is  considerably  greater  than  that  obscured  bj'  the 
carbon  of  the  central  diagram  (2  mm.  arc).  In  fact, 
if  the  negative  carbon  of  the  latter  figure  be  traced  off 
and  superimposed  on  the  negative  of  the  left-hand 
figure,  it  will  be  seen  at  once  that,  so  far  from  the 
obscuration  being  less  in  the  latter  case,  it  must  clearly 
be  considerably  greater. 

We  notice  that  Mrs.  .\\Tton  in  her  revised  reply  ha.5 
omitted  anv  mention  of  this  matter,  but  as  her  remarks 
at  the  meeting  have  been  referred  to  in  the  technical 
Press  we  have  thought  it  desirable  to  leave  the  above 
paragraph  in  our  reply. 

With  reference  to  the  statement  made  in  the  paper 
that  the  experiments  showed  "no  sensible  difference 
either  in  average  candle-power  or  crater  brightness  for 
carbons  of  the  same  diameter  run  at  the  same  current," 
we  would  point  out  that  it  has  been  stated  that  the 
coppered  carbons  were  made  up  with  the  definite  in- 
tention of  investigating  their  suitabihty  for  use  at  200 
amperes  and  that  at  this  current  the  extreme  vsiriation 
of  average  candle-power  is  only  20  per  cent  and  of 
crater  brightness  less  than  10  per  cent.  Considering 
the  variation  found  between  different  indi\'iduals  of  the 
same  type  of  carbon,  it  was  thought  that  this  variation 
was  insufficient  to  indicate  any  definite  superiority-  of 
one  type  over  another. 

With  regard  to  the  "  efficiency  "  of  the  arc,  we  should 
like  to  point  out  that  one  of  the  chief  difficulties  in  the 
use  of  a  hea\y  current  arc  for  searchlight  work  is  the 
large  amount  of  power  actually  consumed  in  the  arc, 
and  the  consequent  excessive  heating  of  the  mirror. 
Thus  in  the  particular  case  of  arcs  for  searchhght  work, 
it  is  more  desirable  to  know  the  power  consumed  in  the 
arc  itself  than  that  actually  required  for  the  running 
of  the  arc.  We  agree,  of  course,  that  from  the  point  of 
Ndew  of  efficiency  as  measured  in  candles  per  watt 
consumed,  the  latter  is  the  more  important. 

Carbons  I  to  V  were  those  originally  in  use  in  the 
British  and  French  Ser^-ices,  and  it  was  desired  from  ex- 
perience gained  with  these  to  specify  carbons  for  running 
at  200  amperes.  Carbons  VHI  to  XIII  were  the  out- 
come of  the  results  of  the  experiments  on  carbons 
I  to  VII.  At  first,  carbons  VIII  to  XIII  were  used 
uncoppered  but,  as  in  the  case  of  the  smaller  carbons 
(p.  96,  end  of  §  16)  at  03  ampere  per  sq.  mm.  the  carbons 
became  red  hot  and  it  was  therefore  found  necessary 
to  have  them  coppered.  The  disadvantage  of  too  thick 
a  coating  of  copper  was  carefully  borne  in  mind  when 
this  decision  was  made. 

In  reply  to  Captain  Paley-Yorke,  we  may  say  that 
there  was  absolutely  no  intention  of  claiming  priority 
in  the  introduction  of  any  of  the  devices  he  mentions. 
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at   least  one  of  which,  as  Mr.  Grylls  has   stated,  was 
suggested  many  years  ago. 

In  reply  to  Mr.  Harrison,  the  values  of  luminous 
iUix  emission  given  in  the  table  are  expressed  in  terms  of 
average  candle-power,  i.e.  mean  spherical  candle-power. 
The  figure  of  20  per  cent  given  by  Mr.  Harrison  as  the 
proportion  of  the  whole  sphere  covered  by  the  mirror 
refers  only  to  the  solid  angle.  When  account  is  taken 
of  the  polar  distribution  of  the  light  from  the  arc,  it  is 
found  that,  as  stated  in  the  paper,  the  proportion  of  the 
total  flux  which  reaches  the  mirror  is  of  the  order  of 
70  per  cent  for  ordinary  projectors. 

In  reply  to  Professor  MacGregor-Morris,  the  axis  of 
the  beam  used  in  the  outdoor  tests  was  approximately 
6  feet  abov-e  the  ground,  most  of  it  over  grass  land. 
One  would  not  imagine  that  for  street-lamp  photo- 
metry at  distances  of  100  to  200  feet  the  question  of 
atmospheric  absorption  would  be  serious  under  any 
ordinarily  clear  condition.  The  carbons  were  dried 
out  before  use,  but  to  a.  temperature  of  about  60°  C. 
It  was  not  considered  advisable  to  take  the  temperature 
any  higher  than  this  in  \'iew  of  the  fact  that  some  of  the 
carbons  were  impregnated.  Any  temperature  approach- 
ing a  red  heat  would,  we  imagine,  be  out  of  the  question 
for  such  carbons.  The  question  of  the  constant  of  the 
cube  photometer  is  now  being  thoroughly  investigated 
at  the  Laboratory  and  it  is  hoped  very  shortly  to  describe 
a  method  by  which  the  constant  of  the  cube  for  a  given 
source  can  be  predetermined  from  the  polar  curve  of  that 
source.  It  may  be  stated  that  for  sources  of  the  types 
mentioned  by  Professor  Morris  it  has  been  found  by 
this  method  that  the  theoretical  .cube  constant  does  not 
vary  by  more  than  5  per  cent  if  the  source  is  at  the 
centre  of  the  cube.  The  effect  of  the  ventilating  shutters 
will  be  investigated  by  the  same  method. 

The  transmission  coefficients  of  the  screens  referred 
to  in  the  paper  were  as  follows  :  — 

/„=io-95%;  /=  2-4   %; 

t=i&g   %;  r=i6i5%;  m  =  9,g  %. 

It  will  be  noticed  that  only  neutral  screens  were  used 
on  the  arc-lamp  side  of  the  photometers.  It  was  very 
satisfactory  to  us  to  find  that  the  figures  of  crater 
brightness  we  obtained  agreed  closly  with  those  of 
Forrest  who  had  done  so  much  precision  work  of  the 
first  order  on  this  subject.  We  much  regret  that  the 
references  to  his  work   (with  which  we  are,  of  course. 


quite  familiar)  were  omitted  from  the  advance  copies 
of  the  paper. 

In  reply  to  Dr.  Haworth,  we  agree  that  an  indoor 
method  for  the  measurement  of  the  flux  reaching  the 
mirror  is  the  next  step  wfiich  naturally  follows  the 
measurement  of  total  flux  and  experiments  are  actually 
in  progress  for  this  purpose,  using  a  method  working 
somewhat  analogous  to  that  suggested  by  Mr.  Angold. 
Meanwhile,  however,  we  think  that  to  a  first  approxi- 
mation it  may  be  assumed  that,  at  the  current  densities 
at  which  we  were  working,  the  crater  acts  as  a  perfectly 
diffusing  disc  of  light,  and  hence  the  distribution  does 
not  vary  sufficiently  to  introduce  serious  errors  if  the 
total  light  is  considered  to  be  proportional  to  that  which 
falls  on  the  mirror. 

In  the  measurement  of  crater  brightness  at  different 
currents,  the  size  of  caibon  was  not  altered,  as  it  was  the 
object  of  the  test  to  discover  the  most  efficient  current 
density  for  a  given  size  and  type  of  carbon. 

Dr.  Haworth's  statement  that  100  volts  would  main- 
tain a  150  mm.  arc  does  not  express  the  facts,  as  this 
arc  length  would  not  be  maintainable  under  ordinary 
conditions.  No  doubt  as  the  arc  length  is  increased 
unduly  the  candle-power  diminishes  (see  Fig.  5).  What 
it  was  intended  to  convey  by  the  statement  on  page  93 
to  which  he  objects,  is  the  fact  that  no  increase  of  light 
can  be  obtained  by  increase  of  voltage  above  about  70 
volts.  It  is  understood  that  Captain  Paky-Yorke  intends 
to  describe  his  device  in  detail  and  therefore  no  descrip- 
tion of  it  has  been  given  in  the  paper.  Tiiis  device 
was  not  found  per  se  to  produce  any  increase  of  crater 
brightness,  but  in  the  case  of  certain  carbons,  specific 
cally  noted  in  the  paper,  it  enabled  the  arc  to  be  run  at 
a  higher  current  density  than  was  possible  without  this 
device,  and  hence  an  increased  crater  brightness  was  the 
indirect  result  of  the  use  of  the  control. 

We  think  that  Mr.  Angold's  suggestion  for  the  measure- 
ment of  the  flux  falling  on  the  mirror  is  very  practi- 
cable and,  as  stated  above,  we  have  already  begun  work 
on  very  similar  lines.  With  regard  to  the  effect  of  the 
hollowing  of  the  crater,  Mr.  Trotter  has  shown  that 
the  polar  curve  of  the  arc  is  practically  independent  of 
this  for  ordinary  craters. 

In  conclusion  we  should  like  once  more  to  thank 
those  who  in  their  remarks  have  helped  us  by  suggesting 
points  for  careful  consideration  in  luture  work  and  in 
that  now  proceeding. 
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Preliminary  Note. 

The  experiments  described  in  the  present  paper  were 
carried  out  in  the  Cavendish  Laboratorj'  during  the  early 
part  of  iqi8,  and  were  undertaken  in  order  to  provide 
data  for  the  design  of  tungsten- filaments  for  thermionic 
valves  for  use  in  the  Royal  Navy.  The  work  is  now 
published  with  the  consent  of  the  Admiralt)'.  The  section 
in  which  the  effect  of  the  leads  on  the  candle-power  of 
filaments  is  considered,  has  been  added  (although  it  has 
no  bearing  on  thermionic  valves)  as  it  is  a  direct  applica- 
tion of  the  work  on  end  corrections  and  may  be  of  some 
interest,  especially  to  lamp  manufacturers,  since  low- 
voltage  lamps  with  short  filaments  are  much  used  at  the 
present  time. 

(I)  Introdlxtion". 

Langmuir  has  investigated  very  completely*  the  varia- 
tion with  temperature  of  certain  physical  properties  of 
tungsten.  His  results,  however,  apply  only  to  filaments 
which  are  at  a  uniform  temperature,  and  consequently  do 
not  hold  exactly  for  any  real  filament,  on  account  of  the 
cooling  of  the  ends  by  the  leads.  In  electric  lamps 
working  at  100-200  volts  the  filaments  are  so  long  that 
the  end  corrections  are  almost  negligible,  but  in  thermionic 
valves  short,  low-voltage  filaments  are  generally  used,  and 
the  end  corrections  become  ot  the  utmost  importance. 
The  main  object  of  the  work  described  in  this  paper  was 
to  investigate  fully  these  end  effects,  and  to  develop 
methods  for  the  design  of  filiments  which  would  produce 
a  given  electron  emission  under  specified  conditions  of 
filament  current  or  voltage.  It  was  found  necessary, 
however,  to  repeat  Langmuirs  work  on  temperature 
characteristics,  as  the  temperature  scale  of  the  optical 
pyrometer  used  for  the  end  corrections  was  not  the  same 
as  that  of  Langmuir. 

(II)    FlL.\ME.\T     Dl.\METERS. 

The  usual  method  of  determining  the  diameter  of  a 
tungsten  filament  is  to  weigh  a  known  length  and  assume 
a  value  for  the  specific  gravity  of  tungsten.  The  specific 
gravity  of  drawn  tungsten  is  initially  about  18,  but  it 
increases  to  18  5-195  after  the  filament  has  been  aged  by 
heating  in  vacuo  to  a  high  temperature  (e.g.  2,200'  K.). 
Langmuir  therefore  assumes  190  as  a  mean  value,  and  this 
value  has  been  adopted  here.  The  quantity  here  called 
the  filament  diameter  is  defined  by  the  equation: — 

^=0008186  >y  w 

where  w  is  the  weight  of  the  filament  in  milligrammes 
per  cm.  This  is  based  on  the  value  190  for  the  specific 
gravity  of  tungsten. 

•  Physical  Rct'imv.  1916,  str.  2,  vol.  7,  p.  302. 


November,   igrg.) 

Since  a  metre  of  tungsten  wire  of  diameter  o-oo88  cm. 
weighs  only  about  o'i2  gramme,  it  is  evident  that  it  is 
desirable  to  weigh  at  least  i  metre  and  determine  the 
weight  to  the  nearest  tenth  of  a  milligramme.  Hence, 
when  it  is  necessary  to  find  the  diameter  of  a  short  length 
of  filament  which  has  already  been  used  in  a  valve,  the 
method  of  weighing  is  impracticable  and  a  microscope 
with  a  micrometer  scale  in  the  eyepiece  must  be  used. 
This  is  more  liable  to  error  than  the  method  of  weighing. 


1. 000 


0-4        0-6        o-S         i*o 
Distance  from  lead  (mcm.> 


1-4 


Fig.  I. — Distribution  of  temperature  along  tungsten 
filament  of  diameter  0-00875  cm. 

but  the  two  methods  give  results  in  very  fair  agreement, 
which  is  an  indication  that  the  value  assumed  for  the 
specific  gravity  of  tungsten  is  sensibly  correct. 

(Ill)    FUXD.iMEXT.AL    RELATIONS. 

The  factors  which  determine  filament  voltage,  emission 
(and  candle-power)  for  pure  tungsten  are  : — 

(i)  Filament  length. 

(2)  Filament  diameter. 

(3)  Filament  temperature. 

(4)  Cooling  of  the  ends  of  the  filament  by  the  leads. 
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Fig.  2. — Temperature  characteristics  of  tungsten. 
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Tungsten  is  sometimes  prepared  by  the  reduction  of 
tungstic  oxide  to  which  a  small  amount  (e.g.  i  per  cent)  of 
thoria  has  been  added,  and  both  the'  specific  resistance 
and  tlie  election  emission  are  affected  considerably  by  this 
addition  of  thoria.  The  experiments  described  below 
were  carried  out  both  for  "  pure  "  tungsten  and  also  for 
I  per  cent  thoriated  tungsten,  but  the  curves  for  pure 
tungsten  only  are  reproduced  here  and  the  examples  given 
are  also  for  pure  tungsten  filaments,  except  where  other- 
wise stated.  .411  filaments  used  were  supplied  by  the 
Osram-Robertson  Lamp   Works,  of   Hammersmith. 

If  I/,  E/,  Ry,  \\V,  If,  d/,  P/,  and  /  denote  the  filament 
current,  voltage,  resistance,  watts,  length,  diameter,  candle- 
power  and  emission,  respect ivelj',  then  at  a  given  tempera- 
ture the  following  expressions  are  constant  : — 


y-fsjd. 


If 


Ijdr  lyrdy 


'/"/ 


(I) 


(Langmuir,  loc.  cil.)  This  is  only  true  when  the  end 
corrections  can  be  neglected,  i.e.  it  holds  for  those  central 
portions  of  filaments  which  are  sensibly  at  a  uniform 
temperature. 

It'  follows  that  if  two  filaments  of  different  diameter 
work  at  the  same  temperature  (neglecting  end  correc- 
tions) : — 

(a)  The  filament  currents  are   in  the  ratio  of   the   3/2 

powers  of  the  diameters, 
(6)  the  voltages  per  centimetre  are  in  the  inverse  ratio 

of  the  square  roots  of  the  diameters, 
(c)   the  resistances  per  centimetre  are  in  the  inverse  ratio 

of  the  squares  of  the  diameters, 
(rf)  the   watts   per   centimetre   are   proportional   to   the 

diameters, 
(e)   the  candle-power  per  centimetre  is  proportional  to    ' 

the  diameter, 
(/)  the  emissions  per  centimetre  are  proportional  to  the 

diameters. 

(IV)    EXPERIMENT.iL    DaTA    FOR   CENTRAL    PORTION'    OF 

Filament. 

It  is  necessary  to  determine  corresponding  values  of 
filament  current,  resistance,  emission,  temperature,  length 
and  diameter.  The  methods  adopted  for  obtaining  these 
data  are  described  below : — 

(i)  Current-voltage  data. — In  order  to  obtain  current- 
voltage  data  for  the  central  portion  of  a  long  filament 
(i.e.  free  from  end  corrections)  the  filament  resistance  was 
measured  for  a  series  of  temperatures  and  for  filaments  of 
lengths  ranging  from  1-5  to  15  cm.  The  resistances  were' 
■determined  by  making  the  filament  form  one  arm  of  a 
Wheatstone's  bridge.  A  standard  Siemens  milliammeter 
and  shunt  formed  a  second  arm,  and  also  served  to  measure 
the  filament  current,  whilst  the  remaining  arms  were  taken 
from  a  resistance  box.  The  filaments  were  each  mounted 
in  a  separate  bulb,  and  the  bulbs  were  highly  exhausted  by 
a  rotary  Gaedc  pump,  followed  by  charcoal  and  liquid  air. 
The  filaments  were  aged  for  10  hours  before  the  resistance 
measurements  were  made,  in  order  to  get  tliem  into  a  steady 
state.  The  resistance  of  the  leads  was  measured  separately 
and  allowed  for. 

The  various  temperatures  corresponding  to  the  different 
currents  were  determined  by  sighting  a  Cambridge  optical 


pyrometer  on  the  middle  part  of  the  longest  filament, 
and  making  corrections  for  the  emissive  power  of  the 
tungsten  and  for  absorption  by  the  glass  of  the 
bulb.  Worthing  ■  has  determined  the  emissive  powers 
of  tungsten  for  various  temperatures,  and  his  results 
were  used,  as  the  range  of  wave-lengths  transmitted  by 
his  optical  pyrometer  was  practically  identical  with  that 
of  the  Cambridge  pyrometer. 

When  the  resistance  for  a  given  temperature  is  plotted 
against  the  filament  length,  curves  are  obtained  which 
are  straight  lines,  except  close  to  the  origin,  where  the 
filaments  are  so  short  that  the  central  constant-tempera- 
ture portion  no  longer  exists.  From  these  curves  it  is 
easy  to  obtain  the  resistance  per  centimetre  for  the 
central  part  of  a  long  filament,  free  from  end  corrections. 
The  filament  currents  were  measured  at  the  same  time, 
and  the  filament  diameter  being  known  it  was  there- 
fore possible  to  plot  curves  for  the  various  quantities 
lyjdi^,  'E/^Jdyjl/;  etc.  Fig.  2  shows  curves  obtained  in 
this  way  for  "pure"  tungsten  filaments  supplied  by  the 
Osram-Robertson  Lamp  Works. 


-r\ 


Ammeter 


To  anode 


potential 


Fig.  3. 

(2)  Emission  data. — In  order  to  obtain  the  necessary 
emission  data  a  special  valve  of  the  type  shown  in  Fig.  3 
was  made  up.  The  anode,  which  was  of  cylindrical  form, 
was  made  in  three  portions — a  central  part  A  and  the  two 
"guard-rings"  B,  B',  the  gaps  between  A  and  B  being 
about  05  mm.  in  width.  B  and  B'  were  joined  together 
inside  the  valve,  but  were  insulated  from  A.  Outside  the 
valve  A,  B  and  B'  were  connected  to  the  positive  end  of 
the  anode-current  battery,  and  a  milliammeter  was  inserted 
in  such  a  way  as  to  read  the  current  through  A  onl)'.  The 
filament  was  sufficiently  long  for  the  part  inside  A  to  be 
at  a  uniform  temperature.  Thus  the  emission  current 
passing  through  A  was  the  true  emission  current  for  a 
filament  at  uniform  temperature  and  of  length  equal  to 
the  length  of  A  plus  half  the  width  of  the  gaps  between 
A,  B  and  A,  B'.  The  effect  of  the  cooled  ends  of  the 
filament  was  thus  eliminated.  The  distance  between  the 
centres  of  the  two  gaps  was  measured  to  within  2  per 
cent  by  a  travelling  microscope.  It  amounted  to  some 
1 1  mm.  This  was  sufficiently  accurate  for  the  purpose, 
as  independent  observations  of  the  emission  for  the  same 
filament  current  differed  from  one  another  by  several 
per  cent. 

•  Physical  Krvinr,  1917,  ser.  2,  vol.  10,  p.  377. 
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In  these  experiments  the  vacuum  used  was  the  best 
that  could  be  obtained  by  means  of  charcoal  and  liquid 
air.  Occluded  gas  was  removed  from  the  bulb  by  baking 
for  at  least  an  hour  at  a  temperature  of  about  400°  C,  and 
from  the  electrodes  by  electron  bombardment,  whereby 
the  anodes  were  raised  to  a  bright  red  heat.  The  results 
for  "  pure "  tungsten  are  shown  in  Fig.  2,  where  the 
function  ijl/ii,-  is  plotted  against  the  temperature. 

(3)  Caiidle-pou'er  data. — For  the  candle-power  data  I  am 
indebted  to  the  Director  of  the  Research  Laboratories  of 
the  General  Electric  Company,  who  kindly  placed  at  my 
disposal  the  results  of  some  experiments  made  at  the 
National  Physical  Laboratory.  The  data  supplied  consisted 
of  tables  giving  (horizontal)  candle-powers  in  terms  of 
filament  current  and  voltage  for  two  filaments,  one  of 
which  was  20  cm.  and  the  other  4  cm.  in  length.  The 
teinperatures  were  calculated  from  the  curve  for  I',  shown 
in  Fig.  2,  and  by  taking  differences  the  end  effects  were 
eliminated.  In  this  way  the  curve  for  PJ  shown  in  Fig.  2 
was  obtained.  This  curve  can  be  used  only^for  high- 
vacuum  tungsten  lamps,  and  does  not  apply  to  gas-filled 
lamps. 

V.   Method  ok  Dktermining  End  Corrections. 

For  a  filament  which  is  only  a  few  centiinetres  in  length 
the  cooling  due  to  the  leads  has  a  very  large  effect  on  the 
filament  voltage,  emission,  etc.  It  was  necessary  first  to 
determine  by  experiment  the  distribution  of  temperature 
along  a  filament  in  the  neighbourhood  of  a  lead.  It  was 
desirable,  after  this,  to  find,  if  possible,  some  simple  method 
of  deducing  the  temperature  distribution  along  any  other 
filament  of  different  diameter.  Finally  the  results  must 
be  presented  in  such  a  form  as  to  be  easily  applied  to  the 
practical  design  of  filaments. 

(i)  Experimental  mettiod. — The  temperature  distribution 
along  a  filament  of  diameter  0-00875  cm.  was  determined 
by  means  of  the  Cambridge  pyrometer,  which  was 
mounted  on  a  cathetometer  in  front  of  a  bulb  containing  a 
long  "  hair-pin  "  filament,  the  limbs  of  the  filament  being 
vertical.  A  diaphragm  was  attached  to  the  front  of  the 
pyrometer,  so  that  only  a  short  length  of  filament  could 
be  seen  at  once.  In  this  way  it  was  possible  to  measure 
the  temperature  at  a  series  of  points  along  the  filament 
and  so  obtain  the  curves  reproduced  in  Fig.  i.  Thus 
the  temperature  distribution  along  a  filament  of  given 
diameter  was  determined  for  a  series  of  maximum 
temperatures. 

(2)  Application  to  filainenls  of  different  diameters. — The 
surface  temperature  of  a  tungsten  filament  has  been 
investigated  by  Worthing,-^  partly  experimentally  and 
partly  theoretically.  He  finds  that  the  following  expres- 
sion represents  the  distribution  of  temperature  verj* 
fairly  : — 

T  =  T„  [i  -s-M(.\  +  x„i]"       ....     (2) 

Here  T° K.  is  the  temperature  at  a  point  distant  X  cm. 
from  the  cooling  junction,  T„  K.  is  the  temperature  at  a 
point  where  the  cooling  due  to  the  leads  is  negligible,  and 
li,  \o.  and  n  are  constants.  \„  depends  on  the  diameter 
and  thermal  conductivity  of  the  leads,  but  has  not  much 
effect,  except  close  to  the  leads.  For  ordinary  lamp  leads 
it  may  be  taken  as  0-25  cm.,  and  for  stout  leads  suitable 
*  Physical  Rci'ic.i-j  iyi4,  ser.  2,  vul.  4,  p.  524. 


for  4-ampere  filaments  as  o'20  cm.  The  constant  /x  varies 
inversely  as  the  square  root  of  the  diameter  of  the  fila- 
ment. Worthing  gives  the  value  38  for  a  filament  of 
diameter  o'oi045  cm.,  and  this  result  has  been  confirmed. 
If  X  and  X'  are  the  distances  from  the  cooling  junction 
of  points  at  the  same  temperature  (T)  on  filaments  of 
diameters  rf/  and  dj,  whose  central  portions  are  at  the 
same  temperature  (T„),  it  follows  from   (2)   that 


.  ^-/.(\  -I-  Aot=  I  —  c-uMx'  +  .\.) 


+  Ao  _  /'  _      /'// 
+  X  ""  />'  ~  V  d^ 


(3) 


Hence,  when  the  temperature  distribution  along  any  one 
filament  is  known,  that  along  another  filament  of  different 
diameter,  but  working  at  the  same  maximum  temperature 
(T,„);  is  easily  calculated. 

(3)  Length  of  the  end  (X„). — The  temperature-distribution 
curves  shown  in  Fig.  i  are  each  contmued  up  to  the  point 
at  which  the  temperature  has  become  gg'g  per  cent  of  the 
temperature  of  the  central  portion.  The  distance  from 
the  lead  at  which  this  occurs  will  be  called  tlie  length  of 
the  end  (X„).  The  value  of  the  length  of  the  end  is 
of  course  chosen  arbitrarily.  In  Fig.  4  the  quantity 
(X„  -|-  Xo)/v/i//  is  plotted  against  the  temperature,  Xo  lieing 
taken  as  0'25  cm.  To  determine  the  length  of  the  end 
for  a  given  filament  at  a  given  temperature,  it  is  only 
necessary  to  look  up  the  value  of  (\„  +  K)l\/'^/;  tnultiply 
by  the  appropriate  yjd^,  and  subtract  025  cm.  from  the 
result.  These  curves  may  be  used  even  when  the  leads 
are  so  stout  that  X<,  =  o'20  cm.,  as  the  slight  difference  in 
Xo  does  not  have  any  appreciable  effect  on  the  length  of 
the  end. 

(4)  Voltage  in  the  end  (\'„). — By  combining  the  results 
shown  in  Fig.  i  with  those  in  Fig.  2,  curves  can  be  drawn 
which  give  the  relation  between  the  volt.age  per  centimetre 

(-,--)   and  the  distance  from   the   lead.     By  finding  the 

areas   under   these   curves   the   quantity   here   called   the 
voltage    in    the   end    (E„)    was   obtained.     In    Fig.    4   the 
voltage  in  the  end  is  plotted  against  the  temperature  (T,„) 
of  the  central  portion  of  the  filament. 
By  Equation  {3)  we  have  : — 


k'  +  Xo 
A  -f  A„ 


v?=- 


here  I;  is  a  constant. 


d  A' 


Hence,  differentiating,     ,.   = /;. 

Also,  when  A  =  A,„  /.'  =/,f,  and 

when  A  =  o,     ;.'  =  {/:  —  /)  /„. 


Thus 


E„  = 


■A„ 


Q-= h(f) 


•/.« 


dE'\  dj.[ 
k 


i:.'- 


C;:) 
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Z.Ood'K         Z;L00°  2,Z00°  2^00°  2yj!00°  2,500°  2>600°  Z,7QQ" 


2,ooo°K      2,100°        z,zoo°        2,300°        2,400°        2,5  00°        2,600°       2,700° 
Leugtli  A,'^=  (A^  +  o-25)/yd,/   (A^incm.)       Emission  in=in/d/^^  (ininAmi^) 
Voltage  in.  tlie  eTid,iTideperuieut  of  Candle-power  P^=Pn/'^^^ 

the  diameter 

dy  always    in  centiTnetres 

Fig.  4. — End-correction  curves  for  tungsten  filaments. 
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(*-i)A„ 


Now,  in   practice      (W')''A'  is  very  small  compared 

••  o 

with  the  filament  voltage,  except  in  the  case  when  the 
filament  is  very  short,  very  thin,  and  running  at  a  very 
high  temperature.     Hence,  it  is  usually  sufficiently  accurate 


to   write    E„  =  E„.     The   value   of 


estimated  as  follows  : — 

Case  of  a  filament  of  diameter  o'020o  cm.,  running  at  a 
maximum  temperature  of  2,600°  A'.     (Iy-=^-2  amperes.) 

If  Equation  (2)  holds  right  up  to  the  lead  we  have 

T  =  1,100°  K.,  when  \^{k  —  i)\„,  and 
T  =:    600°  K.,  when  X  =  o. 


The  values  of 


dK' 


,   ,  corresponding  to  these  temperatures 

it   A 

are  0-113  ^nd  0-032  respectively.     The  mean  of  these  is 
0-072.     Also  (*  — i)X^  =  o-i3  cm. 
Hence,  approximately 

(*-i)X. 
dE' 


VTT )  " '''      0072  X  o- 13  =  00094. 


Hence,  for  both  leads,  the  error  amounts  to  0-019  volt. 

Moreover,  since  in  all  probabilit}'  the  temperature  at 
points  near  the  lead  is  smaller  than  that  given  by  Equa- 
tion (2),  the  above  estimate  may  be  taken  to  represent  an 
upper  limit  for  the  error. 

It  may  be  shown  in  the  same  way  that,  for  a  filament 
of  diameter  0-0504  cm.  running  at  2,600"  K.  (i.e.  I/=2i 
amperes),  the  error  due  to  the  two  leads  is  not  greater 
than  0017  volt. 

When  dy  is  taken  much  smaller  than  the  standard 
0-00875  cm.  on  which  the  original  observations  were 
made,  the  error  begins  to  be  larger,  owing  to  the  rise  of 
rfE' 


d).'- 


For  rfy=  0-0035  cm,  and   T„,  =  2,600°  K.    (1^=0-3? 


ampere)  the  error  for  the  two  ends  amounts  to  0-12  volt. 
It  is  worth  noticing,  however,  that  the  voltage  per  centi- 
metre in  the  central  portion  is  3-4  in  this  case,  and  that 
the  error  in  length  in  mounting  a  filament  in  its  supports 
is  about  05  mm.  The  voltage  corresponding  to  the  half 
millimetre  is  017  and  is  therefore  greater  than  the  error 
in  the  voltage  in  the  end. 

For  a  filament  as  fine  as  0-00175  cm.,  running  at  2,600°  K., 
{!/=  0-134  ampere)  the  error  ceases  to  be  negligible,  as  it 
is  of  the  order  of  04  volt,  whereas  the  voltage  correspond- 
ing to  0-5  mm.  of  the  central  part  of  the  filament  is  0-24. 

The  temperature  (2,600"  K.)  chosen  in  the  above  examples 
■corresponds  to  an  efficiency  of  about  0-5  watt  per    candle- 

J^(t-l),\o 
('   T7J  d  A'  diminishes    rapidly  •as 
o 

'the  temperature  is  lowered,  so  that  over  a  wide  range  of 
filament  diameters  and  temperatures  it  is  sufficiently 
accurate  to  put  E„  =  E; .  Thus,  with  the  limitation  noted 
above,  the  voltage  in  the  end  is  independent  of  the  fila- 
ment diameter,   for  a  given  temperature   of   the   central 


portion.  In  Fig.  4  the  voltage  in  the  end  is  plotted 
against  the  temperature  of  the  central  portion  of  the 
filament.* 

(5)  Emission  from  the  end  (/„). — By  a  method  exactly 
similar  to  that  used  for  the  voltage  in  the  end  it  is 
possible  to  determine  the  emission  from  the  end  (/„). 
Using  the  same  notation  as  before,  we  have  : — 


I  /d  1'  \  d  ;.' 
(*-i)Xo 


'W^'-WXI,) 


,"''■« 


',. 


^       approximatelj'. 


thus    — ;  =  — ;— 7   =:  a  constant. 

dy     d/i^ 


C'-OX. 


The    error    in    neglecting     -      (tj/)''^'   is  very   much 


smaller  than  the  corresponding  error  in  the  voltage  in  the 
end   considered  in   the   preceding  paragraph,  as,  for   all 

temperatures  below  1,900°  K.,  the  value  of  -j    is  entirely 

negligible,  so  far  as  thermionic  valves  are  concerned. 

(6)  Candle-power  of  the  end  (P„). — The  candle-power  per 
centimetre  in  the  central  part  of  the  filament  is  directly 
proportional  to  the  filament  diameter.  Hence,  by  an 
exactly  similar  proof  to  the  one  used  above  for  emission, 
it  can  be  shown  that  the  candle-power  of  the  end  is 
proportional  to  the  3/2  power  of  the  filament  diameter. 
In  Fig.  4  the  quantity  P„/i/,'  ^  is  plotted  against  the  tem- 
perature of  the  central  portion. 


(VI)  Procedure  for  Designing  a  Filament  to  Pro- 
DL'CE  A  Given  Electron  Emission  when  the 
Overall  Voltage  is  Given  and  the  Filament 
Diameter  is  Provisionally  Chosen. | 

The  procedure  for  designing  a  filament  to  produce  a 
given  emission  for  a  given  overall  voltage  may  be  con- 
veniently summarized  as  follows  : — 

[a)  Assume  a  probable  value  for  the  temperature  of  the 
central  portion  of  the  filament. 

(ft)  Subtract  twice  the  voltage  in  the  end  from  the 
overall  voltage.  (It  is  assumed  that  the  filament 
is  sufficiently  long  for  the  temperature  of  the 
centr.al  portion  to  be  unaffected  by  the  leads. 
The  case  when  this  is  no  longer  true  is  considered 
below.) 

*  Experience  showed  that,  whilst  for  thoriated  tungsten  tllere  was 
ijood  aLjreement  between  calculated  and  observed  values  ot  the 
tilanient  voltage,  for  "pure"  tungsten  there  seemed  to  be  a  small 
error  in  E„,  This  error  was  determined  by  subsequent  experiments, 
and  the  revised  curve  for  E„  is  liere  shown. 

t  In  choosing  a  filament  diameter  an  allowance  of  3  per  cent  should 
be  made  for  filament  wastage  during  evacuation. 
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((")  To  obtain  the  length  of  the  central  part  of  the 
filament  (\„)  find  the  voltage  per  cm.  correspond- 
ing to  the  given  temperature  (Fig.  2)  and  divide 
it  into  the  result  obtained  in  (h). 

{d)  Find  twice  the  length  of  the  end  (Fig.  4)  and  add 
it  to  the  result  obtained  in  (c).  This  gives  the 
total  length  of  the  filament  (/y). 

(e)  To  obtain  the  emission  from  the  central  portion  (/„), 
determine  the  emission  per  cm.  (Fig.  2)  and 
multiply  it  by  the  length  of  the  central  portion  of 
the  filament. 

(/)  Find  the  emission  from  the  end  (/„,  Fig.  4)  and 
multiply  by  two.  Add  to  the  result  of  (e)  to 
obtain  the  total  emission  (/). 

The  above  calculations  may  be  made  for  various 
temperatures  of  the  central  part  of  the  filament,  and  the 
filament  length  may  then  be  plotted  against  the  tem- 
perature. In  this  way  the  particular  length  (and 
temperature)  which  gives  the  required  emission  can  be 
found.  The  filament  current  may  then  be  obtained  from 
the  curve  for  ly-jdy'  in  Fig.  2.  In  practice  the  curves 
prove  to  be  fairly  straight  over  a  range  of  50°  K.  or  so. 
Hence  it  usually  suffices  to  calculate  the  emission  for  two 
lengths,  and  interpolate.  If  the  range  of  interpolation  is 
more  than  about  50°  K..  better  results  are  obtained  by 
interpolating  logarithms  of  the  total  emission,  as  shown 
in  the  examples  given  below.  Logarithmic  interpolation 
gives  results  of  very  fair  accuracy  even  over  a  range  as 


Example  I. — Design  of  6-voll,  ^o-ma.  filament,  of  diameter 
O'oo88  cm. 

{a)  Assume  T„  =  2,450"  K. 

2  ;„  =  296  ,y(^=  9-39  X  10-' 


.-.  E„,  =  2-: 


im  =  39'6 


2A„  = 


;  250 
I -^o 


:  69-2  ma. 


d3/^  =  8-23  X  IO-* 
E^/y=  1-805 
i//y=3o-4 


.•.  //=  3'8o  cm. 


(6)  .Assume  T,„  =  2,420°  K. 
Then  //=  393  cm.,  and  i  :=  54'5  ma. 

(c)  T„  =  2,400°  K.         /,-=4oi  cm.        /  =  44-5  ma. 

[d)  '?„  =  2,350°  K.         //=  4-24  cm.         1  =  29-5  ma. 

Interpolation  between  2,400-'  K.  and  2,420°  K.  gives 
/^^  397  cm.         T„  =  2,4ii°K. 

Interpolation  between  2,350°  K.  and  2,450°  K.  gives 
lf=  4-02  cm.        T„  =  2,402°  K. 

Logarithmic  interpolation  between  2,350°  K.  and  2,450°  K. 
gives 

/y=3-97cm.      T,„  =  2,4r2'K.       1^=  1-30  amperes. 

The  advantage  of  logarithmic  interpolation  for  the  wider 
range  is  clear. 


% 


Example 

2. — Design  of  ^-volt. 

lo-ma.  fit 

imenl  of  d 

■amt'/t;r  0-005S  cm. 

Tm                   2  E„ 

Em 

^^«           K 

1/ 

2  in          .            im 

i 

EfUr 

.'/ 

2,350"  K.         296            i'04 
2,390^  K.         3-22            078 

1-82         0-53 
1-86           0-38 

2-35 

2-24 

5-30 

8-02 

3-53 
3-81 

8-83 
11-83 

1 
1-98           6-72 

2-07       1     10- 1 

Interpolation  gives  //=2-3icm..  T,„  =  2,366°  K.,  17=0676  ampere. 


Example  3.- 

—Design  of  lo-voll, 

250-wia.  filament  of 

iiameter  0-020  cm. 

T„, 

2K„                  E,„ 

1/                        2  in 

im 

i 

E//V 

'•'/ 

2,350°  K. 
2,400°  K. 

2-96               7-04 
328               6-72 

3-80     ,     6-61 

392  !  594 

10-41                   34-1 
9-86                  568 

i54'9 

237-5 

1890 
2943 

I  063 

II34" 

23-4 
40-0 

Interpolation  gives  //=  lo-i  cm.,  T,„  =  2,379°  K.,  I/=4'39  amperes. 


great  as, 200^  K.,  though  it  is  seldom  necessary  in  practice 
to  interpolate  over  so  wide  a  range. 

Similar  calculations  may  be  made  for  any  filament 
diameter.  If  the  diameter  is  large  the  required  filament 
temperature  is  lower  than  if  the  diameter  is  small.  On 
the  other  hand,  a  large  diameter  involves  a  large  filament 
current.  Thus,  for  a  given  design,  the  filament  diameter 
is  limited  in  one  direction  by  the  rise  of  filament  watts, 
and  in  the  other  direction  by  the  rise  of  temperature  and 
consequent  shortening  of  life. 

Vol.  58. 


(VII)    C.\SE    I.\'    WHICH    THE    "EXDS"    OVERLAP. 

So  far  it  has  been  assumed  that  twice  the  voltage  in  the 
end  is  less  than  the  required  overall  voltage.  When  the 
filament  voltage  is  4,  or  less,  it  may  easily  happen  that 
this  is  not  the  case,  and  the  matter  requires  further 
consideration. 

Equation  (2)  shows  that,  at  a   given   distance   from   a 
cooling  junction,  the  temperature  is  given  by 
T  =  T„  (I  —a)-,  where  a  =  e-"<'\  +  ^'^ 
=:  T„  (i  —  H  a)  if  a  is  small. 
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Hence,  at  a  point  where  both  leads  produce  an  appreciable 
cooling,  the  temperature  is  given  by 

T  =  T„(i-a)"(i-&)" 

=  T,„  [i  —  n  {a  +  6)]  if  a  and  6  arp  both  small     (4) 

Thus,  in  Fig.  5,  if  G  N  represents  the  temperature  at  a 
point  G  in  the  iilament  when  the  leads  have  no  effect, 
H  N  the  temperature  wlien  one  lead  is  effective,  and  J  N 
the  temperature  when  tlie  other  lead  is  effective,  then  K  N 
will  represent  the  temperature  when  both  leads  are 
effective,  where  JK^GH.  Thus,  the  distribution  of 
tenipnrature  along  a  filament  is  easily  plotted  when  the 
cooling  effect  due  to  one  lead  is  known.  (This  method 
clearly  does  not  apply  when  the  overlapping  of  tlie  ends 
is  very  large,  but  such  a  case  is  unlikely  to  occur  in 
practice.)     When  the  temperature  distribution  is  known  it 

is  possible  to  plot  --r^  and  -—against  the  distance  from  a 

lead,  and  by  finding  the  areas  under  these  curves  E/  and  / 
are  obtained.  The  process  is,  however,  very  tedious,  and 
involves    a    large    amount    of    trial   and   error,   as   it   is 


L  N  M 

Distance  calong  f  iliiment 

Fig.  5. 


necessary  to  start  from  a  given  filament  length  instead 
of  a  given  voltage.  Fortunately,  it  is  unnecessary  if  the 
amount  of  overlapping  of  the  leads  is  small.  This  may  be 
seen  as  follows  : — 

Let  O  A  and  B  C  (Fig.  5)  represent  the  temperature  dis- 
tributions due  to  the  ends  considered  separately,  and 
O  D  E  B  the  actual  distribution  due  to  both  ends.  Then, 
since  G  H  =  J  K,  it  follows  that  the  area  C  A  F  is  equal  to 
the  area  FED.     Hence 

OAM  +  BCL  —  CAML=OFB  +  CFAML  —  CAML 
=  O  F  B  —  C  A  F 
=  OFB  —  FED 
=  ODEB 

Thus,       area  O  D  E  B  =  2  area  0AM  —  area  CAML 
=  2  X  (area  of  end)  —  CAML 

and  length  O  B  =  2  O  M  —  L  M 

i.e.  length  of  filament  =  2  X  (length  of  end)  —  L  M. 


Now,  if  the  voltage  per  centimetre  were  proportional  to 
the  temperature,  it  is  clear  that  the  filament  voltage  would 
be  proportional  to  the  area  O  D  E  B,  and  the  voltage  in  the 
end  proportional  to  the  area  OA  M.     Hence,  in  tliis  case. 

Filament  voltage 

^2  X  (voltage  in  the  end)  —  voltage  for  length  L  M. 

Thus  the  filament  design  could  be  proceeded  witli  iij 
the  usual  manner  except  tliat  a  negative  quantity  would 
result  from  the  subtraction  of  twice  the  voltage  in  the 
end  from  the  overall  voltage,  and  so  the  "  length  of  the 
middle"  (\„,)  would  have  to  be  subtracted  from  twice 
the  length  of  the  end. 

Actually  the  voltage  per  centimetre  is  not  proportional 
to  the  temperature  of  the  filament,  hut  the  relation  is  very 
nearly  linear  over  quite  considerable  ranges,  and  so  the 
method  is  legitimate  unless  the  overlapping  is  considerable. 
Thus,  take  the  case  of  a  filament  of  diameter  0-00875  cm. 
At  2,200°  K.  the  value  of  Ey///  is  1-310,  at  2,300°  K.  it  is 
1-507,  and  at  2,400°  K.  it  is  1-709.  1-507  —  1-3105=0-197, 
and  1-709  —  1-507  =  0-202.  It  is  clear  from  this  that  quite 
a  large  amount  of  overlapping  must  occur  before  the 
filament  voltage  calculated  in  tliis  way  is  appreciably  in 
error.  In  the  above  example  an  overlap  of  about  i  cm. 
would  be  required  to  produce  the  effect  considered. 

Similar  considerations  apply  in  the  case  of  emission, 
but,  as  the  curve  for  2///  plotted  against  the  temperature 
is  much  less  nearly  straight  than  the  E///r  curve,  the 
error  for  a  given  overlap  is  considerably  greater.  For 
the  filament  considered  above  the  value  of  ///,  at  2,280°  K. 
is  4-82,  at  2,300^  K.  it  is  5-98,  and  at  2,320'  K.  it  is  7-24.  The 
first  difference  is  i-i6  and  the  second  1-26.  The  overlap 
permissible  for  this  order  of  accuracy  is  about  0-3  cm. 

E.xainpk. — i  per  cent  ilwriated  tun!<sien  filament,  of  length 
2-0  cm.  and  diameter  000875  '^'"■>  traversed  by  a  current  of 
1-3  amperes. 


2  X„  =  2-42  cm. 

///,   =22-8. 

\,„  ^=  —  0-42  cm. 

2  /„  =  19-64  ma. 

E,ll,-=  2-025. 

/,„  =  09-6  ma. 

2  E„  =  3-54  volts. 

;     =  10-04  ma. 

E,„  =  —  0-86  volts. 

Ef=2-68  volts. 

Correct  filament  voltage  =  2-66. 

Correct  emission 

=  10-19  nia. 

(VIII)   Importance   of   Cooling   due   to    Leads  whex 
Length  of  Filament  is  Small. 

It  will  now  be  clear  that  the  cooling  effect  due  to  the 
leads  is  of  great  importance  in  the  case  of  short  filaments. 
Thus  in  E.xample  i,  Section  YI,  above,  if  the  leads  pro- 
duced no  cooling  the  overall  voltage  required  to  produce 
the  given  filament  current  would  be  688  instead  of  6, 
whilst  the  total  emission  would  be  80  ma.  instead  of 
50  ma.  The  great  influence  which  tlie  cooling  due  to 
the  leads  has  on  the  total  electron  emission  is  well 
brought  out  in  Fig.  6,  where  the  emission  per  cm.  is 
plotted  against  the  distance  from  a  lead,  for  a  filament 
of  diameter  00058  cm.  For  the  upper  curve  the  total 
emission  is  92  ma.  If  tlie  leads  produced  no  cooling  the 
total  emission  would  be  about  150  ma.  It  is  evident  that 
most  of  the  emission  current  is  due  to  the  middle  centi- 
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metre  of  the  filament,  the  remaining   i'4  cm.  producing 
but  little  more  than  25  per  cent  of  the  total  emission. 

(IX)   Effect  ov  Cooling  due  to   Leads  ox  Candle- 
power  OF  Electric  Lamps. 
It  is  clear  that   the    efficiency  of  electric  lamps  must 
be  diminished  by  the  cooling  of  the  ends  of  the  filaments 
70 
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Fig.  6. — Effect  of  cooling  due  to  leads  on  emission  from 
tungsten  filament  of  length  2-4  cm.,  diameter  0.0058  cm. 

by  the  leads,  but  in  high-voltage  lamps  the  end-effects  are 
practically  negligible  owing  to  the  great  length  and  small 
diameter  of   the  filaments.      For   low-voltage  lamps  this 
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Fig.  7. — Relation  between  efficiency  and  voltage  for  i6-watt 
tungsten  filaments  whose  central  portions  are  at  a 
temperature  of  2,300°  K 

is  no  longer  true  and  the  end  corrections  become  of 
importance.  The  candle-power  of  any  filament  can  be 
calculated  from  the  curves  shown  in  Figs.  2  and  4,  in  a 
manner  exactly  the  same  as  that  already  described  for 
determining   electron   emission.      In   this   way  it   is  easy 


to  find  how  the  efficiency  varies  under  different  condi- 
tions.    The  following  will  serve  as  illustrations  :— 

Example  (i).— The  curve  reproluced  in   Fig.   7   shows 
the  variation  of  efficiency  with  voltage  when  the  tempera- 
ture of  the  central  portion  of  the  filament  is  kept  con- 
stant.    The   calculations   have   been  made  for  a   16-watt 
filament  running  at  a  maximum  temperature  of  2,300°  K. 
The  ordinates   show   watts    per    candle-power,   and   the 
absciss*  overall  voltage.     The   curve   shows  clearly  the 
rapid   rise   of   watts    per    candle-power   when   the   lamp 
voltage  is  less  than  about  10  volts. 
I       Example  (2).— The  case  of  a  16  candle-power   16-watt 
lamp   is   taken   as   t'.ie    second    illusiration.      The    curves 
reproduced  in  Fig,  8  show  the  filament  length,  diameter, 
and  ma.Kimum   temperature   as  functions  of    the    overall 
voltage.      It   will    be   seen    that    in    order    to    keep   the 
efficiency  at  i  watt  per  candle-power  the  temperature  of 
the  central  portion  of   the  filament  has  to  be  increased 
to  a  large  extent  in  low-voltage  lamps.     This  is,  of  course, 
due  to  the  fact  that  in  such  lamps  most  of  the  light  comes 
from  a  short,  hot  spot  near  the  centre  of  the  filament. 
The  presence  of  the  hot  spot  naturally  tends  to  shorten 
the  life  of  the  filament. 

(X)  .\ppRoxnuTE  Method  for  More  Rapid  Desigx 

OF    FiLA.MEXTS. 

It  has  been  found  that  the  following  appro.ximate 
method  of  filament  design  gives  results  of  verv  fair 
accuracy  in  the  cases  most  likely  to  occur  in  practice, 
i.e.  for  filament  temperatures  from  2,000^  K.  to  2,500-  IC, 
and  for  filament  diameters  from  00035  cti.  to  o'oi2  cm. 
(With  the  modification  noted  below  it  can  he  used  for 
still  larger  filament  diameters,  as  illustrated  in  Example  3.) 
It  is  considerably  quicker  than  the  e.xact  method  given 
above,  and  is  useful  in  preliminary  work. 

The  object  of  the  method  is,  first,  to  find  the  overall 
voltage  which  would  be  necessary  if  the  whole  filament 
were  as  hot  as  the  middle  part.  The  filament  length  can 
then  be  found  at  once  from  the  E,  ^  ./,//,  curve  (Fig.  2). 
Next  the  length  is  found  of  a  filament  which  gives  the 
san;e  emission  as  the  actual  filament,  and  whose  tempera- 
ture is  everywhere  the  same  as  that  of  the  central  portion 
of  the  actual  filament.  The  emission  can  then  be  found 
from  the  f//,</^  curve  (Fig.  2).  The  procedure  may  be 
summarized  as  follows  : — 

Filament-length. 

{a)  Subtract  350  from  the  absolute  temperature  of  the 
central  portion  of  the  filament,  multiply  the  result  by  4 
and  divide  bv  10,000. 

(6)  Subtract  filament  diameter  (in  centimetres)  from 
o-oo88  cm.  and  multiply  result  by  100. 

(c)  Subtract  (b)  from  ya)  and  add  result  to  required  overall 
voltage. 

(1/)  Find  E,//,  from  Fig.  2  and  divide  it  into  result  of 
(c).     This  gives  required  filament  length. 

Emission. 

(()  Multiply  the  length  of  the  end  (Fig.  4)  bv  i'20,  and 
subtract  the  result  frcm  the  length  of  the  filament  fcund 
in  (d). 
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Let  result  be  /'. 

(/)  Find  emission  corresponding  to  /'  by  means  of  /  /  Ifiif 
curve  in  Fig.  2. 

Example    i. — 4- volt   filament   of    diameter    o'OOjS    cm. 
Temperature  of  central  portion  2,390°  K. 


2,390 
350 

o-oo88 
00058 

4-816  — 0-30    =4-516 
E//'/=  2-073 

2,040 

4 

0-0030  X  100  =  0-30 

2-073 
(Correct  value  =  2-20  cm.) 

8,160 

X„  :=  0-92  cm.  0-92  X  1-2  ^  I-IO. 

2-i8  —  1-10=1-08,    ;7/,=  io-3,  .-.  i=io-3X  i-o8=  in  ma. 

(Correct  value  =  11  6  ma.) 

2,55oK  40 


2^00  35 

2,-lS0°  30 

Z/iocf  25 

2,350°  20 

2,300°  15 

.2,250°  ID 

;2,200°  5 

2,150° 


from  the  overall  voltage  ;  in  other  words,  0-32  should  he 
added  to  it.     The  following  example  illustrates  this  :— 

Example  3  — 6-volt    filament    of    diameter    0-0250    cm. 
Temperature  of  central  portion  2,400°  K. 
2.400                 6-82  +  0-32  =  7-14.  E////=  roi2. 

TiSo  , 7'i4 


//= 


;  =  7-05  cm. 


2,050 


1012 

(Correct  value  7-09  cm.) 
8,200 

A,.  =  2-21.  2-21x1-2  =  2-65. 

7-05—2-65  =  4.40,  ;■///=  50-0,  =220  ma. 

(Correct  value  =  213  ma.) 

(XI)    Sl'MM.iRY. 

The  principal  matters  dealt  with  in  the  paper  m  ly  be 
summarized  as  follows  :  — 
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Fig.  8. — Design  for  16  c.p.  i6-watt  lamp  for  various  voltages. 
[The  filament  diameter  is  in  centimetres.) 


2,500 

350 

2,150 

8,600 


Example    2 — 6-volt   filament   of    diameter    0-0 100    cm. 
Temperature  of  central  portion  2,500°  K. 

0-0088  6-86 —  (—0-12)  =6-98 

o-oioo  E},'//=i-79 

—  0-0012x100  .-./,  =  3  90  cm. 

(Correct  value  =  3-89  cm.) 
X„  =  1-39.  1-39  X  1-2  =  1-67. 

3-90—1-67  =  2-23,  ;'///=  52-2,  <  =116-3  ma. 

(Correct  value  =  115-8  ma.) 
As  iTientioned  above,  the  approximate  method  is  satis- 
factory up  to  a  diameter  of  about  0-0120  cm.  For  filaments 
thicker  than-  this  the  correction  becomes  nearly  inde- 
pendent of  the  diameter,  and  very  fair  results  are 
obtained  for  filaments  larger  than  0-0120  cm.  by  employ- 
ing the  diameter  correction  appropriate  to  a  0-0120  cm. 
filament,  i.e.  0-0088  —  0-0120  =  —  0-32  should  be  subtracted 


(i)  A  determination  has  been  made  of  certain  character- 
istics of  tungsten  as  functions  of  the  temperature.  These 
characteristics  include  filament  resistance,  voltage,  electron 
emission,  etc. 

(2)  The  distribution  of  temperature  along  a  tungsten 
filament  in  the  neighbourhood  of  a  lead  has  been  deter- 
mined by  means  of  an  optical  pyrometer  mounted  on  a 
cathetometer.  This  has  been  done  for  a  series  of  maximum 
temperatures,  and  it  is  shown  how  to  calculate  from  these 
observations  the  distribution  of  temperature  along  a 
tungsten  filament  of  anv  diameter. 

(3)  By  combining  the  results  of  (i)  and  (2)  end- 
correction  curves  have  been  obtained  for  voltage,  electron 
emission,  etc. 

(4)  Methods,  based  on  (i)  and  (3),  are  then  described 
for  the  design  of  filaments  to  give  any  desired  electron 
emission  for  a  given   overall   voltage.     The  curves  given 
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enable  similar  methods  to  be  developed  for  the  design  of 
filaments  to  satisfy  a  variet)'  of  other  conditions,  e.g. 
filaments  in  which  a  specified  filament  current  will 
produce  a  given  emission,  etc.  ' 

(5)  .A.  discussion  is  given  of  the  effect  of  the  cooling  due 
to  the  leads  on  the  candle-powers  of  short,  low-voltage 
incandescent  lamp  filaments.  It  is  shown  that  in  such 
cases  the  greater  part  of  the  light  comes  from  a  small, 


intensely  hot  spot  in  the  middle  of  the  filament,  and  that 
consequently,  for  a  given  luminous  efficiency,  the  life  of 
the  lamp  is  shorter  than  that  of  a  high-voltage  lamp  with 
a  long  filament. 

In  conclusion,  I  wish  to  express  my  best  thanks  to 
Professor  Sir  J.  J.  Thomson  for  his  kindness  in  placing  at 
my  disposal  the  facilities  afforded  by  the  Cavendish 
Laboratory. 


ADDRESS   TO   THE   STUDENTS'   SECTION. 


By  A.  P.  Trotter,  Member. 

(Address    delivered    21    November,    1919.^ 


It  is  not  easy  for  one  who  is  approaching  the  end 
of  his  professional  career  to  address  those  who  are 
entering  on  their  life's  work.  The  lessons  to  be  learned 
'  from  the  experience  of  others  are  of  little  importance 
compared  with  the  knowledge  which  vou  will  gain  in 
acquiring  your  own  experience,  and  the  experience 
of  one  who  for  more  than  20  years  was  a  government 
official  is  of  little  interest  to  you. 

Looking  back,  as  I  can  do,  over  the  history  of  electrical 
engineering,  it  seems  impossible  that  the  conditions 
which  surrounded  it,  and  from  which  it  eventually 
emerged,  and  the  difficulties  which  were  opposed  to  it, 
but  which  were  overcome,  can  ever  occur  again. 

Looking  at  the  present,  we  all  feel  unconsciously, 
even  if  we  do  not  put  it  into  words,  the  great  gulf  that 
the  War  has  fixed  between  1914  and  igif).  The  future, 
we  can  none  of  us  at  this  moment  hope  to  gauge,  but 
at  the  back  of  everything  that  we  do  lies  a  great  regret 
for  all  the  comrades  who  once  faced  life  with  us.  Sixty- 
six  of  the  Students  of  this  Institution  were  killed  m 
the  War,  or  died  of  wounds,  or  as  the  result  of  service 
in  the  Forces,  a  number  amounting  to  nearly  one  half 
of  the  whole  Roll  of  Honour  of  the  Institution. 

It  is  difficult  to  realize  that  more  than  a  vear  has 
passed  since  the  end  of  the  War.  So  far  from  a  settling 
do\vn  of  regular  conditions  of  life  and  work,  almost 
every  day  brings  further  comphcations  in  industrial 
matters.  You  will  encounter  obstacles  which  I  cannot 
foresee,  and  surmount  them  by  methods  which  are  now 
unknown,  and  you  will  assuredly  win  the  rewards  that 
you  seek  if  you  are  wise  in  measuring  your  success. 

Nearly  all  of  you,  I  suppose,  are  entering  the  profession 
of  electrical  engineering  in  order  to  make  a  living. 
Some  of  you  are  born  engineers  who  would  be  happy 
in  no  other  calUng,  and  you  will  measure  your  success 
by  the  achievement  of  engineering  work.  Some  are  1 
scientific  at  heart,  and  look  on  electrical  engineering 
as  one  of  the  most  scientific  branches  of  industry. 
You  will  be  rewarded  by  the  part  you  play  in  researches 
and  discoveries.     And  there  may  be  a  few  who  have 


been  told  that  electricity  is  in  its  infancj',  and  that 
it  is  the  coming  thing.  But  that  is  an  old  tale  that 
has  been  told  for  nearly  40  years.  Some  of  you  will 
only  measure  your  success  by  the  money  you  make. 
You  will  deserve  it.  But  do  not  judge  of  the  success 
of  others  by  the  same  measure.  They  may  have  ideals 
of  which  money-making  men  have  no  conception. 

A  few  of  y-ou  perhaps  have  ahead}-  de\eloped  strong 
inclinations  tow-ards  certain  subjects  and  feel  that  you 
can  help  to  develop  and  to  make  your  mark  in  them, 
but  most  will  take  advantage  of  opportunities  that  offer, 
not  because  they  are  paths  of  least  resistance,  but  for 
the  mere  fact  and  sufficient  reason  that  the  opportunities 
are  there.  When  I  took  part  in  the  enhstment  of  the 
Engineers  of  the  Royal  Naval  Di\-ision  I  inter^dewed 
a  large  number  of  young  men  and  others  who  professed 
that  they  were  young  enough.  They  were  not  mere 
average  engineers,  but  a  particularly  keen  and  capable 
lot.  Each  one  gave  me  a  short  account  of  his  career, 
and  I  was  struck  by  the  number  of  diflerent  jobs  that 
they  had  passed  through.  They  had  stayed  for  an 
average  of  about  3^  years  with  one  employ-er  after 
another.  These  rolUng  stones  gave  moss  no  chance 
to  grow  on  them,  but  the  diversity  of  experience  which 
they  gathered  was  large, .  though  each  step  must  have 
been  a  small  one  as  far  as  rise  of  pay  was  concerned. 

Another  thing  which  struck  me  was  the  length  of 
time  which  a  student  in  Scotland  spends  at  college. 
Courses  of  five  years,  and  sometimes  seven,  including 
evening  classes,  is  a  very  different  thing  from  the  usual 
two  years,  or  less  usual  three  years  of  the  English  student. 
I  would  strongly  recommend  those  who  can  manage 
it  to  remain  three  if  not  four  years  at  college.  It  is 
true  that  our  colleges  are  overcrowded  at  present  and 
there  may  not  appear  to  be  much  inducement  for  a 
studeift  to  stay,  but  I  feel  sure  that  in  most  cases  the 
postponement  of  the  first  year's  earnings  will  be  amply 
make  good  afterwards.  I  do  not  recom.mend  early- 
specialization,  though  the  last  year  at  college  should 
include   research  work,  and  this  must    of   necessity  be 
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on  one  or  more  special  subjects.  The  professor  at  a 
college  has  to  keep  all  his  subjects  going,  ^nd  reminds 
me  of  a  juggler  who  keeps  five'  or  six  balls  in  the  air 
at  once.  It  looks  so  easy.  It  is  not  difficult,  to  the 
man  who  does  it,  but  he  has  acquired  facility  by 
practice. 

In  later  life  most  engineers  specialize  ;  some  are 
forced  by  their  own  strong  inclinations,  others  have 
opportunities  tlirust  upon  them.  One  of  the  subjects 
which  is  so  prominent  at  a  technical  college  is  dynamo 
design.  It  is  eminently  a  subject  for  textbooks,  lectures, 
blackboard  work,  and  examination  papers.  It  is  a 
subject  with  which  nearly  every  electrical  engineer 
must  have  some  acquaintance,  and  yet,  probably,  not 
3  per  cent  of  the  members  of  the  Institution  are  engaged 
in  dynamo  design.  The  knowledge  of  this  subject 
which  is  needed  in  after  life  is  like  the  general  knowledge 
of  veterinary  science  which  is  useful  to  a  farmer. 
Although  he  may  not  know  the  meaning  of  the  words 
physiology,  pathology  and  diagnosis,  he  understands  how 
to  keep  his  stock  in  health  and  to  recognize  and  to  some 
extent  to  treat  disease  or  accidental  injuries. 

Forty  years  ago  I  studied  the  steam  engine  and  the 
setting  of  slide  valves,  and  when  I  could  use  Zeuner's 
diagram .  and  knew  several  valve  motions  I  imagined 
that  there  was  not  much  more  to  be  learned  in  that 
direction.  Then  came  the  Corliss  and  other  trip  valves 
and  the  high-speed  Tower  spherical  engine,  and  the 
Brotherhood  three-cylinder  and  then  the  Willans 
central  ^■alve.  The  Willans  engine  was  admirably 
adapted  for  the  direct  drive  of  what  were  then  called 
low-speed  dynamos,  and  all  records  were  broken  by 
a  steam  economy  that  seemed  uns.urpassable.  The 
design  and  workmanship  seemed  to  leave  notlring  to  be 
desired.  But  when  the  i.ooo  horse-power  size  had  been 
built  difficulties  began  to  appear,  and  it  seemed  at  one 
time  that  the  gas  engine  would  lead  the  way  in  fuel 
consumption.  But  cyclic  variations  gave  trouble  in 
paralleling,  and  1,000  horse-power  per  cylinder  could 
not  be  exceeded.  Electrical  engineers  had  done  much 
to  help  the  development  of  the  steam  engine,  and  by 
their  electrical  measurements  they  had  enabled  losses 
to  be  examined  and  reduced  and  thus  enabled  efficiencies 
to  be  reahzed  and  measured  with  an  ease  and  accuracy 
undieamed  of  before.  All  this  vanished  with  the 
advent  of  the  Parsons  turbine,  which  has  revolutionized 
dynamo  design.  But  the  turbine  outgrew  electrical 
machinery  and  the  huge  sizes  were  employed  afloat. 
Now  electrical  engineers  are  catching  up  again  with 
large  turbo-generators,  and  down  among  the  hundreds 
of  horse-power  Diesels  are  claiming  to  break  records 
in   fuel  consumption,  if  they  break  nothing  else. 

And  so  the  game  goes  on,  and  as  in  prime  movers, 
so  in  almost  every  other  branch  of  engineering,  there 
is  no  finahty  and  every  step  should  be  one  in  efficiency. 

Having  watched  these  de\-elopments,  and  having 
welcomed  the  successes  and  forgotten  to  lament  those 
which  were  relegated  to  the  museum,  unless  when  I 
have  taken  a  school-boj-  friend  to  see  them  th*-e,  one 
sometimes  wonders  if  it  is  worth  while  to  remember 
what  once  seemed  so  important,  and  if  not  worth, 
remembering,  what  was  the  good  of  it  all  ?  Well, 
each  thing  records  a  step  to  one  side  or  a  step  onwards  ; 


we  see,  or  we  think  we  see,  by  now,  which  is  the  step 
onwards. 

In  engineering  and  in  physical  science  we  must 
continualfj-  realize  that  both  practice  and  modes  of 
thought  aie  undergoing  incessant  change.  An  old 
Greek  pliilosopher  taught  that  the  course  of  Nature 
is  a  universal  never-ending  never-resting  process,  that 
rest  and  stabiUty  are  the  law,  not  of  life  but  of  death  ; 
all  things  are  moving,  and  no  man  can  ever  set  foot 
twice  in  the  same  river. 

With  all  the  enthusiasm  with  which  engineers  welcomed 
these  advances  they  knew  that  further  improvements 
would  surely  be  made  and  that  types  would  change 
and  practice  alter.  But  we  who  have  studied  physical 
science,  in  a  few  of  its  branches,  felt  that  the  advances 
wliich  would  surely  be  made  would  be  as  it  were  steps 
hewn  in  the  rock  of  the  unknown  towering  in  front 
of  us,  and  that  the  steps  which  we  have  passed  would 
remain  for  ever,  even  if  short  cuts  might  be  found 
to  the  point  which  we  had  reached.  I  was  taught 
in  Chemistiy  that  there  were  64  simple  elements  which 
could  not  be  resolved.  It  was  possible  that  a  few 
more  might  be  discovered,  but  the  chief  difficulty  was 
their  rareness.  I  will  not  give  you  a  list  of  these  which 
must  be  added  to  the  64,  but  will  only  observe  that  I 
have  lived  to  hear  of  balloons  filled  with  helium  and 
to  see  lamps  filled  with  argon. 

As  for  Physics,  it  is  no  longer  that  set  of  six  subjects, 
mechanics,  heat,  light,  sound,  electricity  and  magnetism, 
with  all  their  "  laws  "  set  out,  with  a  formula  to  fit 
each.  So  bewildering  has  been  the  advance  during 
the  present  century,  that  barriers  between  these  subjects 
have  disappeared,  and  so  novel  hav-e  been  the  hypotheses, 
that  the  late  Lord  Rayleigh  said  that  he  sometimes 
failed  to  understand  the  terms  used  in  subjects  wliich 
he  had  made  his  own. 

For  one  first-rate  instructive  experiment  we  have 
a  dozen  underdone  indigestible  hypotheses.  Are  the 
foundations  of  physical  science  tottering  ?  Shall  we 
flutter  off  into  a  golden  mist  of  transcendental  specu- 
lation and  hope  to  alight  on  some  wisp  of  vapour 
that  drifts  past  the  rocks  on  wliich  we  have  been 
standing,  trusting  that  we  shall  not  be  let  dovvTi  to 
wallow  in  the  bog  of  metaphysics  ? 

From  where  we  stand  we  can  look  back  over  25 
centuries  of  scientific  history,  and  if  you  will  allow  me 
about  half  a  minute  per  century  I  will  run  through  the 
names  of  the  old  thinkers  and  touch  on  some  samples 
of  their  thoughts. 

In  the  dim  distance  of  600  B.C.  or  thereabouts, 
Thales  taught  that  water  is  the  first  principle  of  every- 
thing. He  may  not  have  been  right,  but  he  tried  to 
substitute  a  simple  principle  or  hypothesis  for  the 
confused  fancies  of  the  poets.  Aristotle,  about  300 
years  later,  suggested  that  Thales  was  not  so  much 
thinking  of  the  boundless  ocean  as  of  the  presence  of 
moisture  in  all  living  things.  Half  a  dozen  propositions 
in  geometry  which  he  studied  in  Egypt  are  attributed 
to  him.  He  measured  the  height  of  a  pyramid  by 
comparing  its  shadow  with  the  shadow  of  a  stick.  He 
taught  that  the  earth  is  spherical,  he  explained  eclipses 
and  predicted  the  eclipse  of  zSth  May,  558  B.C.  When 
he  said  that  all  thipgs  are  full  of  gods  he  probably  was 
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protesting  against  the  arbitrsiry  way  in  which  the  classical 
gods  were  supposed  to  interfere  with,  to  favour,  or  to 
injure  certain  persons  or  places.  His  most  famous 
sentence  was  a  short  one  : — "  Know  thj'self." 

Axanimander  thought  that  beyond  water  there 
was  an  infinite  storehouse  of  materials  from  which 
the  waste  of  the  universe  could  be  made  good,  and  that 
the  first  principle  is  older  than  water  and  is  eternal 
motion.  This  principle  has  been  revived  again  and  again 
in  the  historv-  of  phvsical  science,  and  has  been  expressed 
in  the  statement  that  all  energy  is  ultimately  kinetic. 
His  idea  that  stars  are  breathing  holes  like  the  holes  of 
a  flute  is  a  childish  and  pretty  one,  If  it  is  true  that 
he  held  that  the  earth  is  a  cylinder,  the  length  of  which 
is  half  its  breadth,  and  that  we  Uve  on  one  of  the 
flat  faces,  he  falls  a  little  in  our  estimation. 

Axinimes  did  not  agree  with  the  water  theory,  but 
taught  that  air  is  the  one  principle  of  everything, 
for  it  is  a  substance,  but  it  is  the  closest  approximation 
to  a  thing  which  has  no  substance.  He  supposed  it 
to  extend  as  far  as  thought  can  reach,  which  for  those 
days  was  a  fairly  safe  limit.  We  have  onlj'  fragments 
of  the  writings  of  these  men  as  quoted  by  later  authors. 

Pythagoras  in  the  fifth  and  sixth  centuiy  threw  over 
water  and  air,  as  gross  things,  and  declared  that  numbers 
were  the  absolute  principle  of  existence.  This  seems 
to  have  been  a  dim  anticipation  of  what  we  call  laws 
of  science  with  their  formulae,  and  Pythagoras  would 
have  admired  the  ideal  of  the  modern  mathematician, 
a  book  full  of  mathematical  expressions  with  no  words 
at  all .  None  of  these  old  philosophers  made  experiments, 
and  few  of  them  observed  facts.  They  tried  to  distinguish 
between  realities  of  Nature  and  illusions  of  sense,  and  to 
lay  down  general  principles. 

Parmenides  thought  that  if  the  universe  is  full  of 
matter,  no  motion  would  be  possible  ;  and  Empedokles 
found  this  to  be  a  difficulty  The  distinction  between 
space  and  matter  had  not  been  thought  of.  Lucretius 
some  400  years  later  discussed  the  problem  of  a  fish 
floating  in  water.  The  fish  proposes  to  go  ahead. 
The  water  cannot  give  way  in  front  until  it  has  been 
pushed.  But  how  can  the  fish  move  to  make  the  push 
until  the  water  has  given  way  ? 

Empedokles  was  one  of  the  first  of  these  thinkers 

'  who  can  be  accepted  as  a  teacher  of  physical  science. 

He  held  that  there  are  four  elements,  fire,  water,  earth 

and  air,  but  he  got  into  some  confusion  between  air  or 

vapour  and  the  sky,  and  no  wonder. 

Heraklitus,  to  whose  teaching  on  the  continual 
change  in  Nature  I  have  aheady  referred,  suggested  that 
all  things  take  place  by  strife,  and  like  Empedokles  he 
had  some  idea  of  chemical  aflinity  and  dissociation  ; 
"  that  which  tends  to  unite,  and  that  which  tends  to 
separate,"  or  in  the  poetical  language  of  those  days, 
the   harmonious   and   the   discordant. 

Anaxagoras  was  born  about  500  B.C.  Athenians 
could  buy  his  work  on  Nature  at  an  orchestral  bookstall 
for  the  moderate  price  of  one  drachma.  He  developed 
an  atomic  theory-,  teaching  that  bodies  are  formed  out 
of  indestructible  elements  inconceivably  minute.  Con- 
sidering that  all  this  was  sheer  thought,  we  are  tempted 
to  suspect  that  when  a  good  shot  was  made  it  was  a 
mere  fluke.     But  what  do  you  think  of  this  as  a  descrip- 


tion of  an  electron  written  about  2,370  years  ago  ? 
I  "So  these  things  rotate  and  are  separated  bj'  force 
and  swiftness.  And  the  swiftness  produces  force  : 
and  their  swiftness  is  in  no  way  like  the  swiftness  of  the 
things'existing  among  men,  but  if  is  certainly  many  times 
j  as  swift.  .  .  .  Rotation  itself  caused  the  separation."* 
Shall  we  call  it  intuition  instead  of  a  fluke  ? 

Demokritus,  born  about  460  B.C.,  had  some  strange 
theories  of  light  and  \dsion  which  I  quoted  in  an  Address 
to  The  Illuminating  Engineering  Society  two  years 
ago.  Zeno  at  about  the  same  date  is  famous  for  two 
problems  involving  time  and  space.  He  was  no  engineer  ; 
he  was  not  even  concerned  with  physical  science  or 
mathematics.  He  was  the  first  writer  on  logic,  and 
propounded  puzzles  to  show  into  what  absurdities 
I  the  mode  of  thought  of  his  contemporaries  would 
lead.  Imagine  an  arrow  flj'ing  though  the  air.  At 
one  moment  it  is  in  one  place,  and  in  the  next  moment 
]  it  is  in  another.  It  cannot  be  in  two  places  at  the 
same  time.  But  at  the  first  moment  if  it  is  in  only 
one  place,  it  must  be  stationary'.  If  it  is  stationary 
it  vn\l  fall  to  the  ground. 

Achilles  and  the.  tortoise  is  still  better  known.  Let 
Acliilles  run  20  times  as  fast  as  the  tortoise,  and  suppose 
that  the  tortoise  has  20  paces  start.  When  Achilles 
has  run  20  paces  the  tortoise  will  have  run  one  pace, 
when  Achilles  has  run  that  pace  the  tortoise  will  have 
run  one-twentieth  of  a  pace,  and  so  on  for  ever.  The 
fallacy  is  that  a  series  such  as  i-f-J-rJ-i-s  continued 
to  infinity  is  an  infinitely  large  quantity.  It  is  nothing 
of  the  sort  ;  it  only  amounts  to  2.  This  seems  to  be 
plain  enough,  but  the  tortoise  lias  been  trotted  out 
and  the  arrow  set  flying  again  quite  recently  b}- 
the  French  philosopher  Bergson,  but  whether  he  is 
laughing  at  his  contemporaries  as  Zeno  did  is  not 
clear. 

After  this,  ph5-sical  science  met  with  a  remarkable 
check.  Socrates  probably  attended  the  school  of 
Anaxagoras  and  must  have  had  some  knowledge  of 
mathematics  and  such  phvsical  science  as  existed, 
but  we  have  to  rely  mainly  on  Plato's  account  of  him. 
Socrates  thought  that  a  knowledge  of  physics  was 
unattainable,  and  would  be  worthless  if  attained,  and 
he  regarded  the  causes  of  physical  phenomena  as 
placed  bej'ond  the  reach  of  human  reason,  and  reserved 
by  the  gods  for  their  own  uses. 

Now  Plato  was  the  first  humanist,  and  set  the 
fashion  so  faithfully  followed  by  most  classical  school- 
masters and  the  many  literan.-  men  trained  by  them, 
to  hamper,  disparage,  and  stop  the  development  of 
natural  science.  It  may  be  true  that  he  uTote  over 
his  school,  "  Let  none  ignorant  of  geometry  enter  my 
door,"  and  so  long  as  civilization  remains,  his  philosophy 
and  rules  of  life  and  conduct  will  be  studied.  He  was 
a  reali.st,  beUeving  in  the  reahtj:  (whatever  that  may 
mean)  of  ideas  (whatever  they  may  mean),  but  he  was 
confessedly  averse  to  physical  studies. 

"  The  Athenians  "  for  all  their  art  and  poetry  "  had 
no  genius  for  natural  science,  none  of  them  were  ever 
distinguished  as  savants  ...  it  was  a  miserable  trifling 
and  waste  of  time  quite  unworthy  of  recei\'ing  any 
attention  from  orators,   soldiers,  or  statesmen."     They 

*  "  The  Firet  Philosophere  of  Greece,"  Fairbanks. 


120 


TROTTER:    ADDRESS   TO   THE   STUDENTS'   SECTION. 


had    some   respect    for    philosophy,    but   philosophy   is 
not  knowledge,  it  is  the  method  of  search  for  it. 

Plato  was  closely  followed  by  Aristotle,  who  lived 
in  the  4th  century  b  c.  A.  W.  Benn,  from  whose 
"  Greek  Philosophers  "  1  have  quoted  freely,  writes  : — 
"  He  (Aristotle)  has  written  about  the  general  laws  of 
matter  and  motion,  astronomy,  chemistry,  meteorology,', 
and  physiology,  with  the  result  that  he  has  made  more 
blunders  on  these  subjects  than  any  human  being 
ever  made  before  or  after  liim.  .  .  .  But  his  scientific 
treatises  are,  for  their  time,  masterpieces  of  method." 
The  failure  of  Plato  and  Aristotle  to  advance  natural 
science  was  due  to  their  defective  observation  of  Nature 
and  their  habit  of  regarding  ideas  and  words  as  results. 
"  With  their  prodigious  intellects  they  went  much 
further  astray  than  their  predecessors  in  the  study 
of  Nature."  "  Aristotle,  while  definitely  arresting 
the  progress  of  research,  could  still  complete  the  method 
and  create  the  language  through  which  the  results 
of  new  research  have  been  established,  recognized 
and  communicated  ever  since."  Bacon  in  his  "Novum 
Organum  "  has  some  very  hard  words  against  Aristotle, 
but  there  have  been  one  or  two  attempts  of  late  to 
whitewash  him. 

Epicurus  seems  to  have  had  a  contempt  for  physics 
and  the  study  of  Nature.  Then,  in  the  3rd  century  B.C. 
came  our  old  friends  EucUd  and  Archimedes,  about 
whom  I  need  tell  you  nothing,  and  a  few  pure  mathe- 
maticians, and  that  was  the  end  of  Greek  scientific 
work. 

After  an  interval  of  about  a  hundred  years  Lucretius 
was  born,  and  wrote  in  Latin  his  wonderful  poem, 
developing  the  atomic  theory  of  Anaxagoras  and  the 
theories  of  light  and  vision  of  Demokritus.  He  died 
about  50  B.C.  Pliny  is  the  only  other  Latin  writer 
that  need  be  mentioned. 

Then  there  was  the  great  gap  of  the  middle  or  dark 
ages  when  science  lay  dead  for  1,200  years.  Until 
the  13th  century  Aristotle  was  forgotten  and  unknown 
in  western  Europe  ;  it  was  studied  in  the  original  Greek  ■ 
in  Constantinople.  The  mathematical  school  at  Alex- 
andria was  suppressed  in  the  5th  century.  Science 
drifted  East  to  Persia,  and  only  two  names  are  well 
kno\«i ;  Alhazen  in  the  i  ith  century,  and  Omar  Khav^'am 
in  the  12th  century  were  mathematicians.  Astrologers 
and  alchemists  practised  their  doubtful  arts. 

Then  came  Albertus  Magnus  and  Roger  Bacon  the 
inventor  of  gunpowder,  and  at  about  this  date  the 
writings  of  Aristotle  in  Arabic  were  introduced  into 
Spain  by  the  Moors.  This  study  was  patronized  by 
Thomas  Acquinas.  We  can  trace  oriental  influence 
in  the  name  algebra  and  many  other  scientific  terms. 
In  about  the  year  1300  Arabic  numerals  were  intro- 
duced into  Italy.  The  use  of  the  cypher  or  zero  made 
arithmetic  possible.  The  Romans  with  their  hopeless 
notation  had  to  use  counters  (calculi)  for  the  most 
simple  calculations. 

iMeanwhile,  mechanical  science  had  developed,  for  the 
splendid  architecture  of  the  Gothic  type  flourished 
in  the  13th  century.  In  1450  Leonardo  da  Mnci  was 
born  and  was,  at  heart,  as  great  an  engineer  as  he  was 
a  painter.  Unfortunately  no  translation  of  his  scientific 
an-i    engineering   writings    has   been    pubUshed,    but    I 


understand  that  one  is  in  preparation.  He  wrote 
in  Italian,  backwards,  so  that  you  must  use  a  looking- 
glass  to  read  it.  You  can  see  some  of  his  illustrated 
notebooks  any  day  in  the  British  Museum.  Michel 
Angelo  was  an  architect  and  something  of  an  engineer, 
and  with  Gilbert  born  in  1540,  followed  soon  by  Galileo 
and  Francis  Bacon,  physical  science  leaped  into  a  new 
existence  and  steadily  developed  until  the  present 
day.  The  secret  of  the  renaissance  of  physical  science 
was  experiment  and  observation.  Engineering,  as  we 
know  it,  dates  from  the  beginning  of  the  18th  century, 
and  you  will  do  your  share  in  carrying  it  on.  Youth 
looks  eagerly  to  the  future,  middle  age  stares  at  the 
confusion  of  the  present,  old  age  turns  thoughtfully 
and  confidently  to  the  past. 

While  some  restless  minds  are  ever  seeking  change, 
others  have  natures  which  instinctively  oppose  it. 
They  show  mental  inertia.  Obstinate  clinging  to  an 
understood  type  is  a  characteristic  of  an  old-fashioned 
engineer.  Such  men  are  generally  slow  thinkers  but 
know  their  job  thoroughly.  They  approach  their  work 
with  admirable  confidence,  knowing  that  they  so  know 
it.  Splendid  work  has  been  done  by  such  old-fashioned 
men.  The  old-fashioned  engineer  is  an  obstacle  to 
progress  because  he  would  rather  do  a  job  well  in  the 
way  that  he  understands,  than  try  some  newfangled  idea 
in  which  he  has  but  little  confidence.  It  is  for  some  one 
else  to  try  the  new  method,  to  prove  it  will  work,  and 
then  to  convince  the  other  man.  There  is  room  in 
the  world  for  both  types,  and  it  is  well  that  they  should 
be  separate,  for  there  is  a  danger  in  a  kind  of  association 
of  the  two.  \\Tien  confidence,  obstinacy,  push  and 
hurry  are  combined,  the  result  is  that  dangerous  thing 
cocksureness.  Confidence  is  a  good  thing  and  neces- 
sary to  success,  but  it  should  be  qualified  by  a  sense 
of  proportion.  The  world  would  be  intolerable  if  it 
were  filled  with  pioneers  and  hustlers,  and  engineering 
would  not  prosper  if  every  man  were  an  inventor. 
Mental  inertia  is  not  a  bad  thing  if  it  is  combined 
with  an  elastic  imagination. 

The  speed  of  Ught  and  sound,  you  will  remember, 
depends  on  the  square  root  of  the  quotient  of  the  elas- 
ticity of  the  medium  divided  by  its  density.  Air 
seemed  to  be  an  excellent  medium  for  the  transmission 
of  soimd  until  it  was  discovered  that  it  travels  nearly 
4  J  times  as  fast  in  water  and  15  times  as  fast  in  steel. 
I  have  said  sometliing  about  mental  inertia  which 
like  mechanical  inertia  is  associated  with  mass  :  let 
us  turn  for  a  m.oment  to  mental  elasticity.  Engineers 
measure  elasticity  by  the  resistance  offered  by  a  body 
to  forces  tending  to  change  its  shape.  The  elasticity 
of  steel  is  high  and  of  indianibber  is  low.  The  popular 
idea  is  just  the  reverse.  The  layman  thinks  more 
of  the  deformation  than  o*  the  recovery  of  shape.  The 
powerful  drawbar  spring  of  a  locomotive  and  the  tiny 
hair-spring  of  a  miniature  watch  both  obey  Hooke's 
law,  though  the  forces  differ  by  millions,  and  not  only 
is  a  good  quality  of  steel  needed,  but  it  must  be  pre- 
pared by  proper  treatment.  When  we  are  up  against 
a  great  thing,  when  at  a  time  of  crisis  our  powers  are 
exerted  to  the  utmost,  and  we  are  subjected  to  stress 
of  circumstances  approaching  the  limit  of  endurance, 
both   mind    and    body   are     strained     and     energy-     is 


TROTTER  :   ADDRESS   TO   THE   STUDENTS'   SECTION. 


121 


stored  up.  If  this  is  released  at  the  right  rate  and 
properly  directed,  it  may  do  great  things.  If  the 
stress  passes  our  elastic  limit  or  yield  point  we  may 
suSer  what  engineers  call  permanent  set,  and  if 
the  stress  persists,  after  that  comes  failure.  A  poor 
spirit  may  have  to  yield  to  the  forces  because  it  is 
too  soft,  or  if  obstinate,  it  may  suddenly  crack  and  col- 
lapse. We  should  so  know  ourselves  that  we  may 
judge  our  elastic  modulus,  and  see  that  we  have  a 
factor  of  safety  that  will  stand  up  to  the  job  that  we 
undertake. 

On  the  other  hand  we  have  analogies  of  the  delicate 
hair-spring,  easily  bent  it  is  true,  but  of  the  finest  steel. 
When  our  human  feelings  are  acted  upon  by  forces  so 
small  that  they  are  scarcely  felt,  and  if  we  react  to 
these  and  respond  as  we  ought,  we  exercise  that  quality 
to  which  the  President  of  this  Institution  referred  in 
his  Address  *  last  week  ;  the  quality  of  sympathy,  which 
is  so  essential  in  dealing  with  our  fellow-men.  Think 
it  over — I  will  not  preach  a  sermon  on  it — the  analogy 
between  a  spring  and  sympathy. 

I  will  not  closety  examine  the  difference  between 
weak  elasticity  and  flabbiness  ;  the  distinction  is  some- 
times difficult.  Notable  examples  are  to  be  found 
among  politicians.  There  is  a  point  at  which  elasticity 
disappears.  Warm  a  jelly  and  it  runs  into  a  sticky 
mess,  and  when  cool  it  will  assume  an  entirely  different 
shape.     You   know  the  sort  of  man   I   mean. 

Then  agaifi,  another  class  pretend  to  have  no  opinions 
of  their  own.  In  their  youth  they  take  pride  in  making 
speeches  in  debating  societies  on  the  side  opposed  to 
their  own  convictions.  In  after  life  they  become 
distinguished  barristers  or  journalists  or  some  other 
kind   of  word-monger. 

The  excuse  for  men  of  such  temperament  is  that 
they  are  dealing  with  opinions,  and  not  like  those 
engaged  in  engineering  and  physical  science  with  tilings. 
We  engineers  admire  exactness  of  thought,  and  accuracy 
of  workmanship.  In  making  an  experiment  an  engineer 
or  scientific  man  must  of  necessity  be  honest.  He  is 
out  to  obtain  a  result,  and  to  cheat  would  merely  be 
to  cheat  himself.  When  he  describes  it  he  tries  to 
use  language  which  shall  convey  the  truth.  To  be 
vague  would  be  unscientific.  It  is  only  in  dealing 
with  men  that  we  are  tempted  to  use  the  methods  of 
diplomacv.  \\1ien  we  have  a  difficulty  in  getting  a 
galvanometer  to  work  we  do  not  think  of  trpng  a  little 
flattery  or  toadyism,  telling  it  what  a  fine  galvano- 
meter it  is,  and  how  proud  the  college  is  of  it.  When 
a  motor  is  obstinate  and  will  not  start,  since  you 
know  how  it  is  made  you  can  test  for  continuity  or 
leakage  and  spot  the  trouble,  give  the  bearings  a  drop 
of  oil,  and  off  it  goes.  But  in  after  life  you  may  have 
to  deal  with  an  obstinate  Town  Clerk.  Do  you  know 
how  Town  Clerks  are  made  ?  Do  you  know  their  weak 
points  '  We  must  not  press  the  analogy,  but  the  cunning 
and  subtlely  required  to  make  him  go  is  very  different 
from  the  direct  methods  which  you  apph'  to  the  motor. 
Those  other  methods  are  not  taught  in  colleges. 

In  dealing  with  a  machine  you  must  deal  directly 
and  honestly,  and  the  machine  will  deal  directly  with 
you.     It  may  be  unwilUng  to  let  you  find   out  what 
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is  the  matter  with  it,  but  it  will  not  prevaricate,  ex- 
aggerate or  tell  you  a  lie.  It  may  kncck  you  down, 
but  it  will  not  hit  you  when  you  are  down,  and  try  to 
injure  your  reputation.  It  is  only  in  dealing  with 
men  that  we  have  to  reckon  with  meanness,  jealousy, 
jobbery,  evasion,  sharp-practice  and,  in  short,  what 
are  known  as  political  methods. 

Of  course,  business  is  business,  and  most  of  you  will 
find  that  the  sordid  side  will  spoil  a  good  deal  of 
your  enjojTiient  in  engineering.  It  is  possible,  in  this 
country,  to  be  an  honest  business  man,  and  an  honest 
engineer,  yes,  and  an  honest  statesman. 

I  have  told  you  that  there  are  different  ways  of  measur- 
ing Success.  You  who  have  your  hearts  in  your  work 
will  find  that  opposition  which  comes  from  the  forces 
of  Nature  can  be  met  directly  by  your  engineering 
and  scientific  knowledge.  If  you  have  to  get  some 
hundreds  of  tons  of  plant  on  its  foundations,  your 
tackle  can  be  arranged  and  everything-  should  go 
according  to  plan.  Wlien  it  comes  to  lining  up  and 
adjustments,  you  will  work  to  a  thousandth  of  an  inch, 
and  you  may  be  confident  that  sound  workmanship 
will  ensure  good  running.  All  this  is  a  matter  of  training 
and  conscientious  work.  In  craftsmanship  of  the  highest 
cla.ss,  such  as  in  the  final  adjustment  of  a  gauge,  to 
two  or  three  lo.oooths  of  an  inch,  there  is  a  thrill  or 
feeling  of  exaltation  as  the  last  few  strokes  are  made. 
The  feeling  is  no  doubt  deadened  by  long  use,  but  the 
satisfaction  of  a  good  job  well  done  is  worth  having. 

\\Tien  a  generating  set  runs  its  trials,  keeps  cool, 
shows  a  good  fuel  consumption,  and  high  efficiency, 
regulation,  parallehng,  and  all  that  it  is  expected  to 
do,  or  when  a  gauge  is  tried  by  a  competent  inspector 
and  accepted,  there  is  no  question  so  far  as  to  success. 
As  long  as  we  are  working  with  inanimate  things  our 
powers  are  in  our  own  hands.  But  in  deaUng  with 
human  forces  the  opposition  that  meets  us  is  so  com- 
plex that  we  often  do  not  know  if  or  when  we  have 
succeeded. 

Almost  all  important  engineering  undertakings  are 
carried  out  nominally  under  the  direction  of  a  town 
council  or  other  local  authority,  or  of  a  board  of  directcrs 
of  a  company.  An  engineer  is  generally  the  servant 
of  one  of  these  bodies,  and  the  success  of  his  work,  and 
therefore  his  own  personal  success,  depends  greatly 
on  his  relations  with  his  employers.  No  lectures,  no 
experiments,  no  textbooks,  no  branch  of  science  that 
was  ever  discovered  can  help.  Nothing  but  observa- 
tion and  experience  and  tact  is  of  any  use,  for  when  an 
engineering  problem  is  submitted  to  a  committee  or 
to  a  board  of  directors  or  to  a  government  department, 
the  attempt  to  carry  it  through  is  made  against  very 
different  forces  from  those  which  we  call  the  forces 
of  Nature.  You  will  not  come  up  against  these  diffi- 
culties in  the  early  stages  of  your  career,  but  you  should 
not  let  opportunities  pass  for  learning  something  of 
such  work. 

On  a  committee  or  board  there  is  generally  one  man 
or  at  the  most  two  who  can  and  who  ought  to  do  any 
particular  job.  The  others,  from  a  sense  of  duty,  feel» 
that  they  should  help  or  share  the  responsibility, 
and  what  they  generally  do  is  to  smother  the  matter 
with    more    or    less    irrelevant    suggestions.     If    there 
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are  two  or  three  different  ways  of  carrying  out  the 
work,  the  right  thing  to  do  is  to  decide  the  way,  and 
then  to  do  it.  But  the  usual  course  is  to  make  a  com- 
promise which  ends  in  a  muddle,  unless  the  men  who 
really  understand  carry  their  way.  As  often  as  not, 
somebody's  feelings  are  wounded.  This  is  supposing 
that  all  is  fair  and  above-board  and  all  want  to  carry 
the  work  through.  But  when  there  are  factions  and 
private  ends,  even  of  so  innocent  a  description  as 
the  gratification  of  vanity,  operations  become  \'ery 
complex. 

The  culmination  of  such  control  is  that  of  Parlia- 
ment. The  industry  of  electrical  engineering  has  been 
the  plaything  of  the  political  platitudinarian,  and  the 
foible  of  the  fussy  official.  The  lamentable  feature 
of  such  work  is  that  after  almost  every  good  intention 
has  been  ruined  by  compromise  and  when  it  is  nom- 
inally done,  that  is,  when  the  Bill  is  passed  or  a  Regula- 
tion made,  the  work  is  really  only  just  begun.  Those 
who  have  been  responsible,  gaily  divest  themselves 
of  anv  care  about  the  matter  and  go  and  interfere  with 
something  else.  Perhaps  it  is  as  well,  for  when  they 
have  done  their  worst  (with  of  course  the  best  possible 
intentions)  it  remains  for  somebody  who  understands  to 
make  the  thing  work.  The  amount  of  time  that  skilled 
engineers  have  to  spend  in  the  Committee  rooms  of 
Parliament,  and  the  kind  of  work  which  they  are  ex- 
pected to  do  there,  either  in  initiating  obstruction  or 
in  fighting  against  it, .  is  lamentable.  I  believe  that 
nothing  corresponding  to  it  is  found  in  any  other 
country.  But  imtil  things  are  altered,  engineers  will 
have  to  undertake  such  work.  I  hope  that  most  of 
you  will  escape  the  necessity  of  helping  in  it. 

Few  of  you  will  lead  the  kind  of  life  you  plan.  I 
have  said  already,  opportunities  will  offer,  and  you 
will  take  them,  if  you  think  that  you  can  do  the  work. 
You  cannot  always  tell  that  in  advance,  but  you  can 
always  do  your  best. 


We  generally  hear  about  the  square  peg  in  the  round 
hole.  That  is  a  very  different  thing  from  a  round 
peg  in  a  square  hole.  The  square  peg  only  fills  2/  tt 
or  0-6366  of  the  space,  and  if  it  is  jammed  in,  it  digs 
four  sharp  edges  into  the  sides  of  the  hole,  or  if  those 
sides  are  unyielding,  and  the  peg  is  of  weaker  material,  its 
edges  will  be  blunted.  The  round  peg  is  much  superior. 
It  occupies  7r/4  or  0-7854  of  the  space,  that  is,  23-5 
per  cent  better.  If  driven  in,  it  will  only  make  mild 
bulges  in  the  flat  walls  or  slight  flats  on  itself. 

Government  service,  civil  or  otherwise,  used  to  be 
a  mass  of  adamant  pierced  with  hundreds  of  thousands 
of  holes.  The  large  majority  of  pegs  which  aspired 
to  occupy  these  holes  used  to  pass  through  the  examina- 
tion machine  which  sized  them,  operating  on  them  while 
still  in  the  young  soft  stage,  with  the  gratifying  result 
of  a  fairly  good  fit.  The  fit  could  be  improved  by  gentle 
pressure.  Shortly  before  the  War  several  thousand 
pegs  of  a  nondescript  kind  were  tossed  into  the  holes 
formed  by  a  kind  of  political  ferment,  and  during  the 
War  government  ser-vice  became  a  huge  honeycomb, 
the  honey  amounting  to  20  shillings  or  30  shillings  a 
week,  and  the  pegs  hardly  made  any  sort  of  a  pretence 
to  fit.     Thousands  of  these  have  been  shaken   out. 

I  think  jrou  will  be  happier  as  rolling  stones  than 
as  pegs,  until  you  are  old  enough  to  calliper  your  own 
diameters  with  confidence  and  to  gauge  holes  that 
are  offered,  with  accui  acy  ;  and  may  they  be  round 
ones  !  • 

Let  me  finish  with  a  quotation  from  a  speech  made 
at  a  banquet  of  the  delegates  of  the  International  Electro- 
technical  Commission  a  month  ago  by  the  Father 
of   Britisti   electrical   engineers.   Colonel  Crompton  : 

"  I  am  an  old  man,  and  I  am  a  happy  old  man,  and 
I  feel  that  there  is  only  one  thing  for  us  old  people 
to  look  back  to,  and  that  is  the  feehng  that  we  have 
been  the  means  of  doing  some  service  to  others,  so  that 
when  we  pass  away  our  work  will  be  thought  of." 
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639th    ordinary   MEETING,   27   NOVEMBER,    1919. 

(Held  at  the  Institution  of  Ci\il  Engineers.) 


Mr.  Roger  T.  Smith,  President,  took  the  chair  at 
6  p.m. 

The  minutes  of  the  Ordinary  Meeting  oi  the  I3tl' 
November,  1919,  were  taken  as  read,  and  were  confirmed 
and  signed. 

Messrs.  P.  B.  Frost  and  N.  W.  MacLachlan  were 
appointed  scrutineers  of  the  ballot  for  the  election  and 
transfer  of  members,  and,  at  the  end  of  the  meeting, 
the  result  of  the  ballot  was  declared  as  follows  : — 

Elections. 

Members. 
Hoare,  Arthur  Richard.  Robertson,  Frederick  Wil- 

Jones,  David  George.  liam,         Bt. -Lieut. -Col., 

Pletts,  John   St.  Vincent  O.B.E.,  R.E. 

Slee,  John  .\mbrose,  Capt.,  C.B.E.,  R.X. 


Associate  Members — continued. 


A ssociate 

Abraham,  Albert  William. 

Ainsworth,  Stuart. 

Allbut,  Guy. 

Ardis,  Robert. 

Ariger,  John. 

.'Arnold,    Kenneth   Noss. 

Aston,  CUfford  John, 
Major,  R.E. 

.\tkinson,  Edgar. 

Baines,  Thomas  Hum- 
phreys. 

Barrett,    Albert    Harrj-. 

Badbrook,  Lewis  .Xm- 
brose  B. 

Bell,  Norman  Macleod. 

Bevis,  Henry  James. 

Blake,  Ernest. 

Bond,    Ernest   Harrj'. 

Boraston,  Charles  Albert, 
B.Eng. 

Bowman,  Hugh  Marshall. 

Brown,    Robert    Cranmer. 

Browne,\VilliamFrederick. 

Bullen,  .\rthur  Tom. 

Bvgrave,  Leonard  Charles. 

Calvert,  Ernest  Edwin. 

Carr,  John  Liddell,  B.Sc. 

Carter,  Harry,  B.Sc. 

Cartmell,  Cuthbert. 

Catt,  James  Edward. 

Causer,  Donald  Stuart. 

Cleaver,  Richard  Lovell, 
B.Sc.  (Eng.). 

Clegg,  George  Dudlev. 

Cox,  Arthur  William. 

Crum,  Thomas  Good,  B.Sc. 
(Eng.). 

Davies,  Garnons  Hugh. 


Members. 
Demaine.Charles  Snowden. 
Dickin,  Horace  Croxall. 
EvanF,  Charles  Leopold. 
Evans,  Sydney  Lawrence. 
Faulkner,  Joseph  William, 

B.Sc.  (Tech.). 
Freeman,  Ernest  Richard. 
Fuller,  William  Henry. 
Gann,  Walter  Thomas. 
Girvan,  William  John  McC. 
Glover,  Edward  Otho. 
Golland,  Edgar. 
Gosling,  Arthur  Starr,  2nd 

Lieut.,  R.E.  (T.). 
Grundy,  Edmund  Eric  L. 
Henderson,     Quintin    Mc- 

Gill. 
Herring,  Frederick  William 

M. 
Hitchcock,  Edward. 
Hughes,  Cyril  Thomas. 
IlUngworth,    Robert. 
Inman,  Oliver. 
Isaacs,    Reginald    George, 

B.Sc. 
James,  Charles. 
Johnston,  John  Stanley. 
Jones,  Charles  Harold. 
Jowers,  Harold  Hill. 
Keen,  Ronald,  B.Eng. 
Ketelbey.FrederickGeorge. 
King,  Edgar  Wilfred. 
Kirkby,  Ernest  Octavus. 
Leason,  Harrv. 
Lee,  John  Andrew. 
Lilleker,  James  Robinson. 
Lingard,  Arthur. 
Lingard,  Ernest. 


Lockhart-Jervis,  Beres- 
ford  Clavton,  Major, 
D.S.O.,  R.E. 

Low,  Peter  Dunstan, 
Major,  O.B.E. 

Lunn,  Philip. 

MacArthur,  Duncan. 

Macfarlane,  Charles  Fred- 
erick. 

McKinney,  John  Alexan- 
der. 

Maddock,  WilUam  Tre\-or. 

Martin,  Valentine,  B.Sc. 

Matthews,  Thomas  Her- 
bert. 

Midworth,  Cyril. 

Miller,  Leonard. 

Mills,  Charles  Joseph. 

Misso,  George  Elibank. 

Mitchell,  James. 

Moffat,  John. 

Mold,  Leonard  Ernest. 

Monson,   John  Peicival. 

IMontgomery,       ^^'ilIiam 
Russell. 

Mullowney,  Joseph, 

Munday,  Henry  Ernest. 

Naismith,  James  Ebeneza. 

Nicholls,  Francis  Abed- 
nego. 

Nicholson,  James  Kelty  A. 

Paranjape,  Vishnu  Kashi- 
nath. 

Parker,  Harry. 

Parker,  John  Neville. 

Parker,  Samuel  Ruther- 
ford. 

Payne,  Benjamin  WilUam. 

Pellow,  Ernest. 

Pliilhps,  WilHam  .\rthur, 
Lieut.,  R.E.  (T.). 

Porter,  Ernest  Eversley  R. 

Read,  Frank  William. 


Reed,         Arthur         Price, 

Major,  R.A.F. 
Reeves,  Stewart  Kenneth. 
Rendell-Baker,  Frank 

Nelder. 
Repton,  Leonard. 
Richards,    Samuel   Hope. 
Rowbotham,  Sydney  Lloyd 
Ryder,  Percy  George. 
Sale,  Harold  George. 
Scott,  Wallace  John  D. 
Seddon,  John  ^lassey. 
Severn,  Albert  Ernest. 
Smart,  Edwin  Victor. 
Smj'th,  Charles  Carew. 
Snook,   Edward   Henry. 
Sturman ,  Sydney  William  A . 
Sykes  ArthurClifton.Capt., 

O.B.E. ,  D.S.O.,  R.E. 
Thomas,  Arthur  Glyn. 
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Until  about  the  year  1903  practically  all  large  geae- 
rating  units  were  of  the  low-speed  marine-type  engine 
with  low-speed  generators  directly  mounted  upon  the 
shafts.  These  engines  were  excellent  examples  of 
design  which  had  been  evolved  during  many  years' 
e.xperience  with  mill  and  marine  engine  practice ;  and 
with  sound  workmanship  common  to  all  the  best  class 
of  British  shops,  the  plant  was  of  great  reliabiUty  and 
could  with  confidence  be  expected  to  have  a  physical 
life  of  nearly  the  human  span  of  years.  The  low-speed 
generators  coupled  to  those  engines  were  equally 
massive  and  substantially  designed,  and  gave  practi- 
cally no  more  trouble  than  did  the  engine  flywheels 
themselves.  The  economic  life  of  such  plant,  however, 
was  immediately  shortened  by  the  rapid  progress  of 
steam  turbo-generators,  and  nearly  all  the  fine  examples 
of  engine  generators  have  now  been  discarded  and 
scrapped. 

The  relative  steam  consumptions,  taken  from  running 
records,  are  of  the  following  chai-acter  ; — 


Whilst  the  steam  economy  of  turbo-generators 
compared  with  engine  generators  is  most  marked, 
unfortunately  the  same  favourable  comparison  does 
not  hold  for  reliabiUty  and   physical  life. 

The  reason  is  fairly  obvious  in  so  far  that  the  neces- 
sary time  has  not  been  available  in  which  to  gain 
experience  and  evolve  estabUshed  designs  ;  the  size 
of  machines  and  of  the  systems  in  which  they  are  estab- 
lished is  constantly  increasing,  and  each  incrccise 
opens  up  new  difficulties  for  solution  and  consolida- 
tion. 

The  difficulties  of  design  and  manufacture  have  been 
so  ably  set  out  by  both  British  and  American  designers 
during  the  last  few  years  that  it  might  appear  that 
a  paper  from  an  operating  engineer  could  not  fulfil 
any  useful  purpose,  particularly  if  he  is  not  an  expert 
constructor.  On  the  other  hand  the  operating  engineer 
usually  occupies  a  position  of  greater  freedom  to 
criticize,  to  represent  the  difficulties  experienced,  and, 
within   the   limitations   of   his   knowledge,    to   indicate 
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certain  new  ideas  whicli  appear  to  him  helpful  in  over- 
coming such  defects. 

As  a  rule,  serious  failures  with  turbo-generators  only 
develop  when  machines  are  of  large  size  and  form  units 
in  a  system  of  some  magnitude.  L'nder  these  con- 
ditions any  fault  on  a  single  unit  may  then  be  fed 
from  the  collective  energy  from  several  machines  until 
the  protecting  relays  of  the  switchgear  have  operated. 
As  a  result  the  failure  of  a  turbo-generator  is  usually 
more  or  less  complete,  and  if,  as  generally  happens, 
the  machine  is  set  on  fire,  it  may  be  several  hours  before 
it  is  cool  enough  for  examination.  By  that  time  the 
charred  remains  are  in  such  a  condition  that  evidence 
of  the  cause  of  breakdown  has  usually  been  entirely 
destroyed,  and  it  becomes  a  slow  and  painful  business 
to  diagnose  with  any  certainty  the  source  of  weakness, 
and  with  confidence  to  prescribe  a  remedy. 

After  several  years  of  experience  in  many  stations 
and  with  different  designs  of  macliiues,  the  more  usual 
types  of  failures  have  been  determined  and  may  be 
roughly  classified  under  : — 

(i)  Mechanical  weakness, 

(2)  Electrical  weakness, 

(3)  Heating  and  fire  risk, 

(4)  Ventilation  difficulties. 

The  various  defects  are  generally  very  closely  corre- 
lated,  as  will  be  discussed  later  in  the  paper. 

Mechanical  Weaknesses. 

The  efficiency  of  the  steam  turbine  increases  materially 
with  its  speed,  and  modern  generators  are  now  run  at 
speeds  which  would  not  have  been  considered  practical 
six  years  ago.  The  centrifugal  stresses  in  the  rotor 
teeth,  upon  the  rotor  coils  and  their  insulation  are 
serious  in  amount,  particularly  so  with  speeds  of 
3,000  r.p.m.,  the  centrifugal  forces  increasing  with 
the  square  of  the  speed. 

To  limit  these  stresses  and  retain  the  maximum 
speed  of  rotation,  the  diameter  of  the  rotor  is  reduced 
to  the  smallest  practical  dimension,  the  increase  in 
size  for  increasing  output  being  more  in  length  than 
in  diameter.  As  a  result,  the  running  speed  of  the 
generator  is  generally  above  its  first  "  critical  "  speed, 
except  in  the  case  of  the  double  generators  of  the 
Ljungstrom  combination,  and  therefore  each  time 
the  plant  is  started  and  stopped  the  rotor  must  pass 
through  the  first  critical  speed  with  its  attendant  risks. 
The  cylindrical  pattern  of  rotor  with  radial  slots  originally 
adopted  by  Messrs.  Brown,  Boveri  &  Co.  has  now 
become  universal,  and  generally  the  rotor  and  its  shaft 
are  turned  out  of  a  single  forging. 

One  serious  result  of  the  high  speeds  of  rotation  is 
the  difficulty  of  effectively  holding  the  rotor  coils 
against  centrifugal  forces.  The  portion  of  the  coils 
within  the  winding  slots  is  retained  in  place  by  metal 
wedges  driven  into  dovetailed  recesses  machined  out 
of  the  top  of  the  rotor  teeth.  The  portion  of  the 
windings  forming  loops  at  each  end  of  the  rotor  cannot 
be  held  in  this  manner.  Originally  they  were  secured 
in  place  by  steel  wire  bands  wound  tightly  upon  the 
completed  coils. 

An  advantage  of  using  drawn  steel  is  that  the  highest 


quality  of  material  can  be  obtained,  which  from  the 
very  nature  of  its  manufacture  has  been  thoroughly 
tested  on  the  draw  bench,  and  moreover  the  material 
is  reasonable  in  price.  Such  steel  bands  are,  however, 
open  to  grave  objections.  As  the  windings  are  usually 
cooled  by  air  ventilation  underneath  them,  they  are 
arranged  more  or  less  in  an  open  form  and  not  clamped 
to  an  internal  hub.  In  consequence  there  is  a  tendency 
for  the  coils  to  set  in  radially,  thus  slackening  the 
steel  bands  upon  them  and  throwing  the  rotor  out  of 
mechanical  balance. 

When  a  short-circuit  occurs  at  the  ends  of  either 
the  rotor  or  the  stator,  the  bands  are  usually  fused 
and  the  steel  wires  rapidly  unwind.  Again  the  ends 
of  the  wire  banding  may  become  unanchored. 

Whenever  a  wire  band  fails,  the  result  is  invariably 
the  wreckage  of  the  rotor  and  stator  windings,  with 
more  or  less  serious  destruction  of  the  ends  of  the 
stator  core. 

Consequent  upon  these  troubles,  solid  rings  of  high 
tensile  steel  are  now  used  instead.  These  rings  are 
turned  out  of  substantial  forgings  in  which  internally 
hidden  flaws  may  exist,  and,  from  the  standpoint  of 
reliable  mechanical  strength  alone,   they  have  not  the 
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Fig.   1 . — Centrifugal  stresses  in  rotor  windings. 

advantage  of  drawn  wire  bands.  Moreover,  alloys  like 
nickel  and  chrome  steel  are  comparatively  new,  and 
the  effect  on  them  of  prolonged  heat  and  continued 
stress  has  yet  to  be  determined.  If,  during  ageing,  a 
slow  and  continuous  reduction  in  elastic  tensile  strength 
occurs,  a  periodic  renewal  of  the  bands  will  be  necessary. 
The  failure  of  a  band  is  a  catastrophe  to  be  avoided 
at  all  costs,  for  it  generally  results  in  serious  loss  of 
life  and  plant. 

As  an  extreme  example.  Fig.  i  illustrates  the  radial 
stresses  in  pounds  per  inch  of  coil  length  from  turn 
to  turn  of  such  a  rotor  coil,  the  rotor  being  of  36  in. 
diameter  and  3,000  r.p.m.  The  stress  increases  in  a 
parabolic  curve  from  the  bottom  of  the  slot.  The 
same  curve  to  a  different  scale  represents  the  crushing 
force  per  square  inch  on  the  insulation  between  the 
turns.  Assuming  that  the  turns  are  absolutely  flat  upon 
each  other,  giving  uniform  pressure  throughout  their 
area,  the  pressures  per  square  inch  in  the  example 
taken  are  : — 

Between  the  complete  coil  and  wedge  4,600 lb.  per  sq.  in. 

Between  the  last  two  turns  . .      4,340 

Between  the  first  two  turns  . .         200      ,,  ,, 
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The  choice  of  insulation  capable  of  withstanding  such 
pressures  is  ver)'  limited,  especially  as  prolonged  heat- 
ing of  the  insulation  and  the  difference  between  the 
expansion  of  the  copper  and  of  the  wedge  are  also 
involved. 

The  portion  of  the  rotor  u-inding  within  the  rotor 
slots  must  of  necessity  preserve  its  shape  under  the 
centrifugal  forces,  but  the  unsupported  portions  of 
the  coils  at  the  end  loops  have  no  lateral  support,  and 
there  is  alwa5S  a  risk  of  distortion  or  side  slip  at  high 
speeds.  The  problem  in  certain  respects  is  similar 
to  that  of  a  short  strut  under  hea\'y  compression,  the 
strut  being  severed  into  many  sections  piled  upon 
each  other. 

For  many  years  a  flexible  type  of  coupling  between 
the  rotors  of  the  alternator  and  turbine  was  generallj- 
used.  Such  flexible  couplings  required  two  bearings 
each  for  the  turbine  and  generator.  The  couplings  were 
usually  of  a  muff  form  with  internal  teeth  engaging 
with  half  couplings  ha\ing  external  teeth  secured  to 
the  rotor  shaft.  As  the  size  of  the  combination  increased, 
mechanical  difficulties  were  experienced  owing  to  the 
imperfect  line  contact  on  the  driving  faces  of  the  teeth. 
Further,  the  coupling  could  with  difficulty  be  main- 
tained in  good  running  balance,  and  it  was  questionable 
whether  the  connection  was  really  of  a  flexible  character. 
Some  12  years  ago.  Continental  makers  began  to  discard 
flexible  couplings,  and  that  practice  has  now  been 
followed  here. 

The  internal  losses  of  a  modem  generator  are  about 
4  to  5  per  cent  of  the  rated  output,  and  the  heat  result- 
ing from  these  losses  is  almost  invariably  dissipated 
by  forced  air  ventilation  through  specially  constructed 
air  vents  in  the  rotor  and  stator.  In  the  rotor  these 
vents  are  provided  under  the  slot  windings  and,  to 
find  room  for  them,  the  rotor  must  be  increased  in 
diameter,  with  increasing  difficulties  from  centrifugal 
forces.  With  higher  speeds,  smaller  diameters,  and 
increased  length  of  rotors,  it  becomes  a  matter  of  .great 
difficulty  to  pass  the  required  amount  of  cooling  air 
through  the  rotors.  Generally  there  is  adequate  room 
in  the  stator  for  the  air  ventilating-spaces  at  the  expense 
of  iron  space.  On  modern  machines,  the  volume  of 
the  stator  taken  up  by  ventilating  spaces  is  from  15 
to  25  per  cent  of  the  total  volume.  The  stator  is 
di\"ided  longitudinally  by  air  ducts  spaced  about  2 
inches  apart,  the  passages  being  maintained  by  spacing 
fingers  attached  to  the  steel  stampings.  In  addition, 
longitudinal  air  passages  are  pro-\dded  in  the  cast-iron 
framework  behind  the  discs  and  sometimes  through 
the   stampings   in   addition. 

This  method  of  open  construction  gives  a  mechani- 
cally weak  form  of  stator  core  and,  under  the  alternating 
stress,  chattering  of  the  teeth  may  occur  with  consequent 
breakage.  The  result  of  the  \-ibration  on  the  insulation 
of  the  stator  bars  is  ob\-iously  undesirable,  without 
the  further  trouble  of  broken  teeth.  .\  further  mechani- 
cal weakness  occurs  at  the  end  of  the  stator  where  the 
winding  must  have  spacings  for  the  air  freely  to  pass 
between  them.  The  windings  although  mechanically 
and  almost  continuously  held  in  the  winding  slots  can 
only  be  clamped  at  intervals  along  the  end  connectors. 

Another  mechanical  defect  in  the  stator  is  the  method 


of  attaching  the  stampings  to  the  frame.  In  earlier 
designs  of  generators,  each  stamping  had  two  (or 
more)  dovetailed  kej-s  on  each  sector,  and  these  keys 
were  threaded  into  machined  keyways  cut  in  the  cast- 
iron  frame  as  shown  in  Fig.  2.  The  cheaper  form  of 
construction  afterwards  adopted  on  the  Continent  was 
to  stamp  the  dovetailed  keyways  in  the  sectors  as 
shown  in  Fig.  3,  with  corresponding  keys  let  into  the 
frame.  This  construction  does  not  give  so  direct  a 
connection  to  the  frame  as  the  former,  and  has  been 
the  cause  of  numerous  failures.  With  faulty  work- 
mansliip  and  inadequate  proportion  of  the  keys,  the 
core  worked  slack  at  the  kej^vays,  with  complete 
failure  of  the  stator  after  a  few  months'  working.  In 
other  cases  the  volume  of  iron  has  been  insufficient, 
and  the  induction  in  the  iron  near  the  keys  has  caused 
serious  overheating  of  the  stampings  and  reconstruction 


Fig.  2. — Stator  sectors  with 
e.xterual  teeth. 


Fig.  3.— Stator  sectors  with 
internal  keywaj's. 


of  the  stators  became  necessary.  The  probable  cause 
was  the  formation  of  eddy  currents  in  the  steel  keys, 
\vith  the  overheating  of  the  ke\-s  and  the  portions  of 
the  discs  near  them.  With  certain  conditions  of  load, 
this  overheating  became  so  serious  as  to  bum  off  the 
paper  insulation  on  the  discs  and  to  throw  out  a  shower 
of  sparks  from  the  burnt  paper  at  the  air  discharge. 
The  former  construction  ha\-ing  dovetailed  kevways 
punched  out  of  the  stampings  gives  a  sounder  machine. 
At  the  same  time  the  later  method  may  give  a  good 
machine  pro\'ided  the  kevwa\-s  are  well  punched,  of 
adequate  size,  and  that  proper  allowance  is  made  for 
the  active  metal  lost  by  punching  the  keyways  out 
of   the   sectors. 

Inaccurate  puncliing  of  the  plates  is  another  source 
of  trouble,  entailing  excessive  filing  of  the  stampings 
after  building;  and  to  prevent  serious  edd}-  currents 
across  the  burrs  caused  by  the  filing,  the  plates  are 
more  lightly  packed  together  than  is  desirable  and 
Ndbration  takes  place. 

Owing    to    the    limitation    of    railway    facihties "  the 
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stators  of  large  generators  must  be  built  on  site  under 
usually  somewhat  primitive  conditions.  Consequently 
the  preparation  of  the  stampings  and  their  building 
up  is  not  always  so  carefully  carried  out  as  when  erection 
takes  place  in  the  shops. 

Electrical  Weaknesses. 

The  electrical  weaknesses  in  turbo-alternators  have 
generally  developed  since  the  size  of  the  machines 
and  the  systems  to  which  they  were  connected  increased 
to  over  30,000  kw.  on  a  single  set  of  busbars.  The 
insulation  on  the  stator  bars  is  almost  invariably 
micanite,  worked  on  hot  with  a  Haefley  wrapping, 
and  a  thickness  of  0-15  inch  of  insulation  is  usually 
sufficient  for  ordinary  worldng  pressures.  Mcanite  in- 
sulation is  admirable  so  long  as  it  is  not  overstressed 
during  short-circuits.  If,  however,  the  stator  bars 
are  not  adequately  supported,  bending  will  occur  and 
cracking  of  the  micanite  insulation  wijl  result,  usually 
just  inside  the  ends  of  the  stator  core.  As  a  rule 
such  a  crack  cannot  be  detected,  and  its  very  existence 
is  unknown  until  a  breakdown  occurs,  perhaps  weeks 
or  months  afterwards. 

With  the  exception  of  the  lack  of  flexibility,  micanite 
insulation  on  a  straight  bar  is  in  every  way  admirable, 
and  is  much  the  best  Idnd  of  insulation  at  present 
known.  To  overcome  this  defect  a  number  of  different 
types  of  insulation  have  been  introduced  using  Empire 
tape  and  similar  fabric,  interleaved  with  mica.  Insula- 
tion of  this  character  when  new  is  fairly  flexible  and 
will  yield  a  limited  extent  without  cracking.  After 
use  at  the  ordinary  working  temperature  of  turbo- 
alternators  the  fabric  loses  its  flexible  character  and 
becomes  as  brittle  as  mica. 

From  the  constructional  point  of  x-iew  the  one  bar 
per  slot  of  stator  winding  has  advantages.  The  bars 
are  of  reasonable  size,  and  the  number  of  joints  is 
less.  There  is  the  important  advantage  of  thinner 
insulation  and  smaller  temperature  gradient  across 
the  insulation. 

Owing  to  the  considerable  depth  of  the  stator  slots, 
considerable  magnetic  leakage  takes  place  across  them, 
and  di\dsion  of  the  stator  bars  is  necessary  to  reduce 
eddy  currents  in  them,  especially  if  the  bars  are  of 
substantial  size.  • 

Continental  makers,  working  under  patents  of  Messrs. 
Brown,  Boveri  &  Co.  and  the  A. E.G.,  construct 
the  bar  of  various  lamina^,  which  are  twisted  within  the 
slot  relatively  to  each  other.*  The  joint  between  the 
bars  and  the  end  connectors  is  a  matter  of  some  diffi- 
culty ;  generally  it  is  soldered,  and  if  care  and  time  be 
taken  a  sound  joint  can  be  made  by  experienced  work- 
men. There  is,  however,  always  the  difficulty  that 
out  of  hundreds  of  joints  in  a  machine  one  may 
be  defective.  During  construction  a  defective  joint 
may  be  detected  by  a  fall  of  potential  measurement, 
or  by  circulating  a  current  much  in  excess  of  the  maxi- 
mum full-load  current  through  the  windings  and  feeling 
for  hot  joints.  These  tests  are  not  infalhble,  nor  are 
they  always  carried  out,   and   unfortunately  defective 

•  A  similar  construction  is  also  adopted  by  English  makers,  and  a  number  of 
British  patents  covering  stator-bar  lamination  are  enumerated  in  the  Appendix 
(page  140). 


joints  are  met  with.  The  presence  of  one  undetected 
joint  on  a  working  machine  is  a  matter  of  verj'  serious 
anxiety.  As  its  position  is  not  known,  it  cannot  be 
kept  under  observation,  nor  is  it  feasible  to  untape  the 
joints  and  strip  down  the  machine  every  time  it  is 
stopped  ;  and  even  if  it  were,  this  would  not  be  an 
absolute  safeguard,  for  the  same  machine  may  run 
continuously  for  months  together.  In  practice  it 
usually  happens  that  a  faulty  joint  is  only  detected 
through  the  machine  giving  way  and  the  solder  melting, 
with  every  risk  of  a  lire. 

The  greatest  electrical  weakness  in  turbo-generators 
constructed  a  few  years  ago  was  their  inability  to 
withstand  the  stresses  set  up  on  short-circuit.  If 
even  moderate  movement  of  the  stator  bars  occurs, 
cracking  of  the  insulation  is  probable,  especially  if 
the  insulation  is  of  some  age,  setting  up  a  defect  which 
will  develop  sooner  or  later  into  serious  trouble.  If  a 
solid  conductor  could  be  used,  a  very  rigid  bar  con- 
struction is  possible,  and  the  risk  of  the  conductor 
bending  under  short-circuit  would  be  small.  As  an 
example,  in  Fig.  4  is  shown  a  thiee-turn  per  slot  winding 
for  a  5,000  kw.   machine,  6,600  volts  between  phases. 


Fig.  4. 


Fig.  5. 


Fig.  6. 


Fig.  4. — Stator  winding,  three-turn  bar  divided  radially. 
Fig.  5. — Stator  winding,  three-turn  bar  divided  axially. 
Fig.  6. — Stator  winding,  one-turn,  four  bars  in  parallel. 

The  three  copper  tapes  are  arranged  lengthways  in 
the  slot,  giving  a  stiff  bar  with  which  there  was  no 
trouble  on  short-circuit.  In  Fig.  5  is  shown  the  winding 
of  another  machine  of  similar  size,  laminated  across 
the  slot,  and  of  better  design  for  reducing  the  eddy 
currents,  but  the  bar  is  not  so  rigid.  Both  machines 
worked  under  similar  conditions,  and  were  connected 
to  the  same  busbars,  but  the  winding  shown  in  Fig.  4 
gave  no  trouble  on  short-circuits,  whilst  the  winding 
in  Fig.  5  repeatedly  broke  down.  In  later  designs  the 
lamination  of  conductors  has  been  carried  to  much 
further  lengths,  so  much  so  that  the  insulation  upon 
the  conductor  really?  supports  the  bar. 

On  the  niultiple  bar  and  crushed  strand  construction, 
difficulties  occur  with  stator  bars  of  considerable  section. 
The  conductors  do  not  nest  firmly  together,  and  a 
tight  mica  wrap  around  them  cannot  be  made,  so  that 
there  is  always  a  certain  amount  of  slack  between  the 
conductors  and  the  mica  around  them.  An  example 
is  shown  in  Fig.  6  where  the  conductors  were  slack 
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within  their  insulation,  and  in  less  than  three  years 
the  insulation  was  worn  away  at  the  corners  and  caused 
a  breakdown  to  earth  at  a  very  moderate  working 
pressure. 

The  latest  method  of  constructing  stator  bars  is  a 
more  complete  development  of  lamination.  The  stator 
bars  are  divided  radially  into  several  copper  tapes, 
each  separately  insulated,  and  each  tape  is  connected 
to  another  tape  in  the  several  bars  forming  the  winding 
pitch  at  the  ends  of  the  stator.  At  each  joint  the  tapes 
are  twisted  relatively  to  each  other,  gi\ing  a  complete 
change  of  position  in  each  complete  phase  winding 
from  the  star  point  to  the  main  terminal. 

This  construction  ehminates  eddy  currents  and  gives 
a  uniform  distribution  of  current  in  every  section  of 
the  stator  bar.  It  has  the  additional  advantage  of 
small  joints,  which  enable  the  tapes  to  be  fusion  welded 
together.  The  only  large  joints  occur  at  the  star 
points  and  at  the  main  terminal  connections,  and  these 
can  be  arranged  well  out  of  the  revolving  field.  How- 
ever, a  bar  laminated  so  completely  has  little  stiffness 
or  mechanical  strength  and  requires  very  careful 
support. 

The  popular  remedy  against  short-circuit  stresses  is 
the  provision  of  high  reactance  within  or  without  the 
machines,  reducing  the  current  on  short-circuit  to 
from  8  to  lo  times  full-load  current.  This  reactance 
can  be  built  into  the  machine  itself  by  providing  the 
necessary  magnetic  leakage,  and  internal  reactance 
gives  the  greatest  protection  to  a  machine.  External 
reactance  gives  protection  from  feeder  or  busbar 
troubles,  but  not  from  internal  short-circuits.  But 
whether  the  inductance  be  internal  or  external,  the 
result  on  the  regulation  of  the  machine  is  the  same, 
resulting  in  poor  regulation. 

In  addition  to  the  short-circuit  stresses,  there  is  mutual 
attraction  between  the  adjacent  end  turns  of  the  same 
phase,  and  repulsion  between  the  adjacent  end  turns 
of  different  phases.  The  attractions  and  repulsions 
increase  as  the  square  of  the  alternating  current,  causing 
vibrating  forces  corresponding  to  twice  the  periodicity 
of  the  system. 

In  large  generators  the  ordinary-  method  of  leading 
away  the  current  of  the  stator  is  open  to  improvement. 
The  winding  is  usually  terminated  in  split  connections, 
clamped  together  by  small  screws  with  slotted  heads, 
a  somewhat  crude  finish  for  a  plant  of  considerable  size. 
In  all  large  systems  it  is  more  satisfactory  to  lead  away 
each  phase  by  a  separate  lead-covered  cable,  taking  care 
that  substantial  joints  are  made  between  the  cable 
and  the  stator  windings,  and  that  such  joints  are  well 
clamped   mechanically  against  all  possible  movement. 

Heating  and  Fire  Risk. 
With  the  old  type  of  low-speed  generator  the  fire  risk 
was  not  considerable,  as  the  proportion  of  inflammable 
material  was  small.  With  a  modern  tubo-alternator 
the  conditions  are  quite  different  ;  and  owing  to  the 
high  speed  and  compact  design  with  small  volume  of 
active  material,  a  very  considerable  portion  of  inflam- 
mable insulation  is  built  into  the  machine.  As  a  con- 
sequence of  forced  air  ventilation,  the  generator  is 
totally   enclosed   and,    when   working,   no   part   of   the 


winding  is  open  to  inspection.  A  fire  within  the  machine 
can  originate  in  a  variety  of  ways,  such  as  defective 
joints,  a  short-circuit  to  earth  or  between  the  stator 
windings,  failure  of  insulation  or  the  like.  An  arc, 
however  started,  has  immediately  a  considerable  amount 
of  energy  fed  into  it,  until  the  field  current  is  cut  off 
and  the  machine  isolated  from  the  busbars  by  relay 
protection.  If  the  machine  and  the  system  of  which 
it  forms  a  part  is  of  considerable  magnitude,  the  energy 
fed  into  a  short-circuit  is  enormous,  and  in  effect  is 
nearly  as  dangerous  as  an  explosion,  so  that  the  relays 
may  or  may  not  be  capable  of  operating  with  sufficient 
speed  to  prevent  serious  damage  to  the  machine. 

With  high-spaed  turbo-alternators  the  stators  have 
usually  two-pole  windings,  consequently  about  50 
per  cent  of  the  stator  winding  length  is  usually  taken 
up  by  the  connectors  between  the  stator  bars.  These 
connectors  are  purposely  spaced  in  an  open  manner 
to  allow  the  coohng  air  to  circulate,  and  the  air  is 
circulated  at  the  speed  of  a  tornado  and  is  constantly 
renewed  by  the  fans.  The  inflammable  character  of 
the  winding  ma)'  be  augmented  by  oily  vapour  and 
dirt  carried  into  the  machine  by  the  ventilating  air 
and   deposited   as   sticky   material  on   the  conductors. 

There  is  comparatively  little  fire  risk  with  the  wind- 
ings which  are  enclosed  within  the  winding  slots,  as  the 
cooling  effect  of  the  surrounding  iron  is  considerable. 
But  a  fire  once  started  at  or  near  the  end  connectors 
is  immediately  swept  round  the  openly  spaced  windings, 
and  their  destruction  is  a  matter  of  only  a  few  seconds. 
To  make  matters  worse,  the  momentum  of  the  rotors 
causes  continual  rotation  for  from  30  minutes  to 
upwards  of  an  hour  after  the  steam  has  been  shut 
off,  depending  on  the  speed  and  size  of  the  machine. 

If  air  dampers  are  provided  in  the  external  ventilating 
air  ducts,  it  is  doubtful  whether  they  could  be  closed 
sufficiently  quickly  to  cut  off  the  air  supply  and  save 
the  machine,  or  if  there  would  not  be  sufficient  air 
leaking  past  the  dampers  to  continue  the  conflagration 
sufficient  to  WTeck  the  machine  even  when  the  dampers 
are  closed.  The  first  intimation  of  anything  being 
wrong  is  usually  the  presence  of  smoke  and  sparks 
at  the  air  discharge  of  the  machine,  and  every  second 
elapsing  afterwards  is  of  vital  importance. 

The  same  objections  also  apply  to  other  devices 
proposed  for  preventing  the  spread  of  the  fire  by  flooding 
the  interior  of  the  machine  vsdth  nitrogen,  carbon 
dioxide,  carbon  tetrachloride,  etc. 

Even  although  the  insulation  of  the  machine  be  not 
actually  consumed,  it  is  usually  left  in  so  charred  and 
brittle  a,condition  that  a  rewind  becomes  desirable. 

Ventilation  Troubles. 

The  amount  of  air  required  to  carry  away  the  internal 
heat  is  dependent  upon  the  internal  losses  and  upon 
the  permissible  temperature  rise.  Allowing  a  rise  of 
50  degrees  F.  in  the  cooling  air,  and  a  loss  of  4  per  cent 
in  the  generator,  about  4  cubic  feet  of  air  per  minute 
per  kilowatt  of  output  is  sufficient,  and  this  allows  for  a 
certain  amount  of  the  air  being  short-circuited  within 
the  machine.  Even  under  the  cleanest  conditions  the 
air  has  sufficient  dust  suspended  to  choke  up  the  internal 
ventilating  spaces  in  time.and  filtration  of  the  air  becomes 
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necessary  in  some  form  or  other.  Further,  even  in  our 
temperate  cHmate  it  is  desirable  on  the  hottest  days 
of  summer  to  cool  the  incoming  air.  Dry  air  filters 
were  originally  introduced  for  removing  the  dust, 
and  are  still  largeh'  used  on  the  Continent  and  in  America. 
The  filtering  cloth  is  of  considerable  area,  its  renewal 
is  troublesome  and  is  often  postponed  until  the  pores 
of  cloth  become  filled  with  dust,  the  full  allowance  of 
air  not  being  admitted. 

Air  washers  of  the  spray  type  ha\'e  been  used  to  a 
considerable  extent  in  this  country,  but  in  several  cases 
the}'  have  not  justified  the  high  opinion  in  which  they 
were  formerly  held,  and  more  or  less  free  moisture  has 
been  introduced  into  the  machines  by  their  use.  Ex- 
cept in  very  exceptional  conditions  some  form  of 
filtering  the  cooling  air  is  necessary.  The  amount 
of  dust  caught  by  a  dry  filter  from  an  air  blast  of  40,000 
cubic  feet  of  air  per  minute  has  been  found  per  week  of 
continuous  working  to  be  5  lb.  in  the  centre  of  London 
and  2  lb.  at  the  outskirts  of  London. 

Unless  this  dust  be  removed,  it  is  sufficient  to  choke 
up  the  narrow  air  passages  in  the  rotor  and  stator, 
which  passages  can  be  cleaned  only  with  considerable 
difficulty,  even  when  the  rotor  is  remf)ved. 

The  air  is  generally  drawn  into  the  bottom  of  the 
machine  by  fans  attached  to  the  ends  of  the  rotor.  Jn 
large  high-speed  machines  the  fans  may  be  external 
to  the  machine  and  separately  motor  driven,  giving 
control  of  the  amount  of  air  circulated.  Whichever 
method  of  producing  the  draught  is  used,  the  correct 
distribution  of  the  air  after  entering  the  machine  is  a 
matter  of  difficulty,  and  one  can  only  hope  that  each 
portion  of  the  machine  received  its  correct  proportion 
of  air,  for  the  running  staff  have  no  control  of  the  air 
distribution,  nor  of  the  amount  of  heat  carried  off 
by  each  separate  air  stream.  Even  should  the  various 
air  currents  be  correctly  distributed  when  the  machine 
is  new,  deposits  of  dirt  after  use  will  soon  alter  the 
air  distribution,  and  the  effect  of  incorrect  distribution 
of  air  is  of  serious  practical  importance. 

Practically  all  machines  are  rated  on  ultimate  temper- 
atures, which  implies  the  temperature  of  the  hottest 
part  of  the  machine  on  the  outside  of  the  insulation  ; 
and  as  a  matter  of  fact  the  position  of  this  hot  part  is 
inaccessible  when  worldng,  and  the  temperature  may  or 
may  not  be  revealed  by  thermo-couples  or  resistance 
thermometers.  The  temperature  of  the  ventilation 
air  leaving  the  machine  indicates  roughly  the  amount 
of  heating  of  the  machine,  but  gives  neither  the  maximum 
nor  the  average  temperature,  as  the  temperature  gradient 
is  unknown.  If  the  separate  discharge  ten-^eratures 
of  each  air  current  were  known,  a  better  indication 
would  then  be  obtained  of  the  hottest  part  of  the 
macliine. 

Suggested  Lines  of  Improvement. 

The  operating  engineer  or  user  of  a  plant  as  a  rule  can 
only  indicate  the  various  features  which  have  given 
him  trouble,  and  he  can  suggest  the  parts  which  to 
him  appear  to  require  improvement.  The  modifica- 
tion of  machine  necessary  to  embrace  these  suggestions 
in  practice  is  for  the  expert  designer  to  shape.  It 
may,  of  course,  be  practically  impossible  to  adopt  some 


of  these  suggestions,  no  matter  how  desirable  they 
may  be.  However,  the  logical  path  along  which  im- 
provement should  lead  is  towards  the  ideal,  halting 
as  the  practical  limitations  of  present  construction 
retard  progress  for  the  time  being,  and  of  course  diffi- 
culties of  present  methods  of  construction  are  but  the 
limitations  of  to-day. 

So  far,  the  paper  has  given  a  plain  statement  of  the 
ordinary  difficulties  experienced  with  turbo-generators. 
The  engineer  is  at  a  serious  disadvantage  when  using 
such  machines,  for  the  requirements  of  his  load  compel 
all  the  plant  to  be  worked  at  its  maximum  capacity, 
as  spare  plant  during  the  past  few  years  has  generally 
been  non-existent. 

Such  generating  plant  is  entirely  enclosed,  and  can 
neither  be  inspected  nor  its  temperature  easily  deter- 
mined under  working  conditions.  There  is  also  a 
probability  that  if  a  breakdown  occurs  it  will  result 
in  a  fire,  necessitating  rewinding  and  the  shut-down 
of  a  large  unit  for  8  or  10  weeks.  Faults  which  are 
suspected  are  difficult  to  locate,  and,  when  located, 
nothing  short  of  a  complete  rewind  is  usually  of  ser\'ice. 
In  fact,  high-speed  generating  plant  may  offer  more 
difficulties  than  almost  any  other  kind  of  plant.  At 
the  same  time,  when  the  plant  is  quite  sound  it  requires 
less  attention  than  practically  anv  other. 

From  the  operating  point  of  view,  the  rci-|uirements 
of  modern  turbo-generators  are  (i)  reliability,  (2)  effi- 
ciency, (3)  ease  of  operation.  Reliability  calls  for 
machines  which  shall  be  fireproof,  the  coils  of  which 
cannot  break  down  or  overheat,  the  insulation  of  which 
shall  not  fray,  crack  or  deteriorate,  and  the  electrical 
joints  of  the  machine  shall  be  so  constructed  that  there 
is  no  chance  of  their  giving  wav  under  load.  Most 
operating  engineers  would  consider  reliability  the 
most  important  of  the  above  conditions,  and  would  be 
willing  to  obtain  it  at  the  sacrifice  of  some  electrical 
efficiency. 

Ease  of  operation  requires  some  better  means  of  know- 
ing what  is  happening  inside  the  enclosed  frame  ot  the 
machine.  It  ought  to  be  possible  to  determine  con- 
tinuously, with  some  accuracy  and  by  simple  means, 
what  is  the  temperature  of  any  part  of  the  machine, 
and  it  is  desirable  to  anticipate  breakdowns  by  the 
indication  of  rising  temperature  of  the  faulty  jiart,  or 
otherwise,  before  the  fault  develops. 

The  output  of  the  machine  should  be  independent  of 
air  temperatures  and  if  possible  there  should  be  some 
reserve  of  capacity  to  meet  sudden  overloads.  With 
a  view  to  considering  how  these  conditions  may  be  met, 
the  several  causes  of  failures  already  mentioned  will  be 
considered  and  the  remedy  for  each  type  of  failure 
will  be  briefly  discussed. 

Rotor  coils'  centrifugal  force. — The  difficulties  of  centri- 
fugal stress  resulting  in  the  crushing  of  insulatitm  be- 
tween the  turns  of  the  rotor  windings  and  the  distortion 
of  deep  narrow  coils  have  already  been  indicated,  and 
the  difficulty  of  securing  the  end  loops  has  also  been 
mentioned.  The  first  remedy  is  to  manufacture  a  suitable 
insulation  and  is  beyond  the  scope  of  this  paper.  When 
it  is  realized  that  a  pressure  of  over  2  tons  per  square 
inch  may  be  encountered  with  the  insulation  between 
and   around   the  outer  turns,   and   that  the  insulation 
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must  stand  continuously  a  temperature  of  200°  F., 
it  will  be  seen  that  the  problem  is  not  one  of  easy 
solution.  The  choice  of  suitable  insulation  at  present 
is  restricted  to  mica  and  various  forms  of  hard  paper. 
The  coil  should  be  made  of  as  great  a  width  as  possible, 
and  the  separate  turns  laid  fiat  upon  each  other.  The 
support  of  the  coils  against  distortion  at  the  end  of  the 
loops  can  be  prevented  by  substantial  metal  packing 
between  the  loops. 

The  safest  band  over  the  coils  would  be  one  of  drawn 
steel  tape,  which  would  require  centering  by  other  means 
than  the  coils  themselves.  This  form  of  banding  is 
the  one  used  for  the  much  more  severe  conditions 
required  by  the  reinforcement  of  high-velocity  gun 
tubes. 

A  flexible  wire  or  tape  band  has  other  advantages 
over  a  solid  ring  ;  the  distribution  of  centrifugal  stress 
is  not  uniform  either  a.xiallv  or  circumferentially, 
and  this  unequal  loading  sets  up  secondary  stresses 
in  solid  bands.  With  a  laminated  tape  band,  each 
turn  can  adjust  itself  to  the  strains  upon  it.  The 
reduction  in  rotor  diameter  is  a  method  of  reducing 
the  centrifugal  stresses. 

Rotor  couplings. — The  difificulties  of  flexible  couplings 
of  the  claw  pattern,  with  excessi\e  pressure  upon  the 
line  of  contact,  together  with  defects  in  centering  and 
of  running  balance,  have  caused  a  gradual  adoption 
of  solid  flange  couplings. 

Stator  cores. — The  problem  of  inadequate  size  of  keys 
is  a  matter  of  more  ample  proportions,  or  of  reversion 
to  the  original  design  of  keys  stamped  out  of  the  discs. 
The  trouble  of  soft  cores  is  usually  due  to  the  end  plates 
being  of  insufficient  stiffness,  and  as  they  are  generally 
attached  to  the  frame  only  at  the  periphery,  there  is  a 
considerable  spring  across  the  face  of  the  plate.  In  case 
of  cores  of  considerable  radial  depth,  one  or  more  rings 
of  insulated  bolts  may  be  necessary  in  addition,  in  which 
case  all  electrical  contact  with  the  bolt  heads  and  nuts 
on  the  end  plates  must  be  carefully  avoided.  The  bolts 
and  nuts  require  countersinking  to  give  free  space  for 
the  end  connections.  The  lack  of  support  at  the  teeth 
is  due  to  the  narrow  width  of  stiffening  linger  chosen 
to  give  the  greatest  area  for  the  air  current.  Stronger 
I  and  Ul  supports  should  be  pro\'ided.  Another  and 
more  complete  remedj'  is  considered  later. 

The  remedy  for  soft  cores  resulting  from  inaccurate 
punching  of  the  slots  and  keyways  is  ob\dously  that  of 
mr-rc  accurate  stamping. 

.Stator  windings. — Even  with  the  most  thorough  lamina- 
tion of  conductors,  no  trouble  usuallv  occurs  through 
lack  of  stiffness  in  the  portion  of  the  coil  within  the 
winding  slot,  except  at  the  very  extremities  of  the  slot 
where  displacement  of  the  end  connections  may  give 
rise  to  trouble.  The  difficulty  of  obtaining  a  firm 
wrapping  upon  a  thoroughlv  laminated  bar  has  been 
mentioned,  and  the  remedy  would  appear  to  be  less 
drastic  division  of  conductors,  or  a  better  nesting 
together   and   impregnation  before  wrapping. 

The  end  connections,  if  attached  to  weak  laminated 
stator  bars,  are  difficult  to  stay  adequately.  Usually  fibre 
spaced  blocks  are  laced  between  the  ends  of  the  stator 
bars  at  the  junction  with  the  end  connectors  ;  these 
give  mutual  support  between  the  bars  in  a  circumferen- 


tial direction,  but  stresses  on  the  short-circuit  are  also 
radial  from  the  centre,  and  in  this  direction  the  space 
blocks  give  but  little  support. 

The  remedy  is  to  provide  continuous  coil  supports 
ha\-ing  winding  slots  for  the  entire  length  of  the  end 
connectors.  The  terminal  connections  to  each  phase 
and  to  the  neutral  need  not  be  further  discussed. 

Joints. — The  risk  of  defective  soldered  joints  has  been 
dealt  with.  Soldered  joints  have  of  course  the  advantage 
of  allowing  easy  disconnection  for  repairs  at  any  time, 
but  in  the  ideal  machine  under  consideration  no  repairs 
would  be  necessary,  and  no  joints  would  require  dis- 
connection until  the  generator  went  out  of  service 
with  old  age.  Under  these  conditions  all  the  joints 
would  be  fusion  welded,  except  possibly  in  the  case 
of  the  largest  joints,  where  clamped  and  soldered  con- 
nections would  be  permissible  if  well  removed  from  the 
rotating  field. 

Heating  and  fire  risks. —  Owing  to  the  limitations  of 
air  cooling,  it  has  been  argued  that,  pro\-ided  suitable 
insulation  can  be  found  which  will  safely  stand  tem- 
peratures of  250°  to  300'  F.,  it  is  neither  necessary  nor 
desirable  to  limit  the  temperatures  to  lower  figures. 
So  far  as  is  known,  the  only  two  insulating  materials 
which  can  withstand  such  temperatures  for  anj^  pro- 
longed period  without  charring  are  mica  and  asbestos. 
As  a  rule,  mica  cannot  be  employed  without  a  fibrous 
or  paper  backing  on  to  which  it  is  built  by  varnish  or 
gums,  whilst  asbestos  requires  similar  material  to  fill 
up  the  pores  and  render  it  suitable  for  insulation  use. 
Such  varnish  or  gums  soften  at  temperatures  approach- 
ing 300°  F.  The  melting-point  of  solder  if  used  is  also 
an  important  matter  ;  for  ordinary  mixtures  it  is  about 
370°  F.  to  390°  F. 

Even  assuming  insulation  difficulties  are  overcome, 
there  remains  the  question  of  thermal  expansion  at 
these  high  temperatures.  The  respective  coefficients  for 
steel  and  copper  for  one  degree  F.  are :  steel,  600  X  lo~*  ; 
copper,  955  X  lo~'.  A  steel  rotor  80  inches  long  on 
the  polar  face,  \vith  a  temperature  rise  from  60°  F. 
to  250'^  F.,  will  receive  an  increment  of  0-0912  inch, 
whilst  the  copper  coil  within  the  rotor  slot  will  have 
an  increment  of  0-1452  inch;  that  is,  the  copper 
increases  bej-ond  the  steel  by  0-0540  inch  in  the 
rotor  length  of  80  inches.* 

This  increase,  though  very  small,  takes  place  whilst 
the  coils  are  subjected  to  severe  lateral  pressure,  and 
the  effect  of  movement  under  such  conditions  will 
certainly  shorten  the  life  of  the  insulation. 

The  following  figures  on  the  resistance  to  crushing 
of  mica  are  given  by  Professor  Miles  Walker  : — 

"  Mica  (pure  white)  o-oio  inch  thick,  when  tested 
for  crushing  between  copper  places,  breaks  down  at 
40,000  lb.  per  square  inch  owing  to  the  flow  of  copper. 
WTien  tested  between  steel  plates,  it  will  withstand 
90,000  lb.  per  square  inch." 

From  these  figures,  it  would  appear  that  the  slight 
movement  of  the  copper  plates  is  sufficient  to  flake 
and  destroy  the  mica  at  a  ver^-  reduced  mechanical 
pressure.  The  effect  of  the  probably  greater  and  con- 
tinued movement  under  thermal  expansion  cannot  be 

*  .\  temperature  gradient  of  30  degrees  across  the  rotor  insulation  will 
increase  this  diflference  of  increments  to  0-065  inch. 
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otherwise  than  detrimental  to  the  mechanical  strength 
and  life  of  the  insulation. 

The  relation  of  the  temperature  to  the  useful  life 
of  the  insulation  is  of  great  importance.  Insulation 
secured  in  place  and  not  subjected  to  mechanical  stresses, 
such  as  that  upon  the  separate  turns  of  stationary  field 
magnets,  may  be  satisfactory,  even  when  quite  charred 
and  devoid  of  any  mechanical  cohesion.  With  turbo- 
generators, the  useful  life  of  insulation  practically  ceases 
when  it  has  mechanically  failed. 

The  matter  is  briefly  dealt  with  by  Messrs.  Steinmetz 
and  Lamme.*  Two  curves  are  given,  showing  the 
relation  of  the  useful  life  of  insulation  to  the  tempera- 
ture, for: — 

(A)  Fibrous  insulation,  including  fabric  and  paper  ; 
(B)  mica  and  micanite  insulation.  The  results  have 
been  reduced  to  Fahrenheit  scale,  and  each  curve  has 
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Fig.  7. — Curve  of  temperature  and  life  of  insulation. 

been  continued  to  a  hypothetical  life  of  20  years 
(see  Fig.  7).  There  is  clear  indication  that  a  reduced 
temperature  gives  a  greatly  increa.sed  life.  During 
the  past  10  years  long  physical  life  of  turbo-generators 
was  not  of  great  importance,  as  the  continual  reduction 
in  steam  consumption  was  sufficient  to  give  a  short 
economical  life  to  turbo-generator  plant.  Such  im- 
provements in  steam  consumption  are,  however,  now 
approaching  a  point  when  further  considerable  gains 
are  difficult  to  accomplish. 

It  would  appear  that  for  large  machines  working 
continuously  night  and  day  for  months  together,  a  tem- 
perature of  150'^  F.  has  much  to  recommend  it  from 
the  point  of  view  of  capacity  to  meet  sudden  overloads 
and  long  life  of  insulation. 

Having  the  fire  risk  in  view,  all  inflammable  packing 
insertion  and  all  fibrous  insulation  should  be  avoided 
in  both  stator  and  rotor.  The  ideal  insulation  is  yet 
to  be  found,  but  it  would  have  a  substantial  body  of 
mica  built  up  without  inflammable  gum  or  varnish 
and    with    some    degree    of    flexibility.     The    binding 

*  TransactioHs  of  the  American  InstituU  0/ Electrical  EngineerSf -vol.  32,  p.  79, 


material  of  the  mica  and  packing  must  have  a  high 
thermal  conductivity  and  suitable  specific  inductive 
capacity  to  give  a  uniform  electrical  pressure  gradient 
through  the  mass  of  insulation. 

These  suggested  improvements  have  been  more  or 
less  introduced  into  the  latest  designs  of  turbo-generators, 
but  even  the  best  of  modern  machines  appears  to  stop 
short  of  the  perfect  generator. 


Fig.  8. — Rotor  winding,  various  methods  of  cooling. 
(a),  (6),  {c),  air  cooled.  {d),  {e),  {/),  water  cooled. 

IpEAL  Machine. 

Consideration  of  the  usual  defects  already  mentioned 
shows  that  air  ventilation  gives  rise  to  the  following 
difficulties  : — 

(i)  Impossibihty   of   equal   distribution    of   air   \vith 
presence  of  hot  spots  ; 

(2)  Weak  construction  of   stator,   open  type  of  end 

windings  and  serious  fire  risks  ; 

(3)  Larger  diameter  of  rotor  with  greater  centrifugal 

forces  ;     inadequate    cooling    of    end    winding 
loops  ; 

(4)  Higher    temperatures    than    desirable,    with    re- 

duced life  of  insulation. 
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The  ideal  machine  must  be  free  from  these  defects,  and 
should  also  embrace  the  following  features  : — 

{a)  Coils  to  be  continuously  held  against  movement 
under  mechanical  forces,  but  free  to  expand 
with  heat. 

(6)  Working  temperature  and  output  independent  of 
air  conditions. 

(c)  Capable  of  working  at  a  much  reduced  tem- 
perature, and  to  be  practically  fireproof. 

Machines  constructed  to  embrace  these  features  would 
undoubtedly  be  much  superior  to  those  at  present 
manufactured,  if  the  modifications  do  not  introduce 
other  diSiculties  either  in  construction  or  in  operation. 

To  obtain  these  advantages,  all  windings,  including 
rotor  end  loops  and  stator  end  connections,  would  be 
contained  in  continuous  metal  winding  slots,  with 
adequate  freedom  for  expansion.  The  windings  would 
be  securely  supported  over  their  entire  length,  and  the 
heat  generated  in  the  copper  would  be  directly  con- 
veyed to  the  surrounding  supporting  metal,  and  dis- 
sipated by  liquid  cooUng. 


As  a  more  detailed  comparison  of  the  two  methods 
of  coohng,  various  designs  of  coohng  rotor  windings 
have  been  drawn  out  for  a  modern  high-speed  rotor 
(Fig.  8). 

Taking  the  ordinary  air  velocities  in  rotor  ducts  as 
io,ooo  feet  per  minute,  and  a  moderate  water  velocity 
of  500  feet  per  minute  (8-3  feet  per  second),  the  relative 
cooUng  capacities  of  the  streams  of  air  and  water  are  as 
shown  in  the  table  below. 

The  sizes  of  cooling  ducts  are  taken  as  large  as  can  be 
constructed  with  the  winding  slots  shown,  viz. 

Slots,  5  in.  deep  x  i^  in.  wide  ;  coil  space,  4  in.  deep 
X  I J  in.  wide  ;  tooth  width  at  periphery,  3  in.  ;  40  in. 
diameter  rotor. 

The  actual  heat-abstracting  powers  of  the  two  sets 
of  conditions  per  degree  F.  rise  in  temperature  of  cool- 
ing medium  for  the  velocities  stated  are  : — 

Air ;  1-266  therms  per  minute  per  square  inch  of  air  duct. 
Water:  216  ,,  ,,  ,,  ,,  waterduct. 

The  capacity  of  water  over  air  cooling  is  very  marked, 
as  might  be  expected,   and   may   be  in   excess  of  the 


Arrangement 

Proposed  by 

Size  of  Ducts  taken  oa  Illustratioa 

Relative  Cooling  Capacity 

Fig.  8  (a) 

Ordinary  arrangement 

2^  in.  X  I  in.,  one  air  duct 

I 

.,     8(6) 

Siemens                                        j 

2  in.  X  J  in.,  two  air  ducts 

0-8 

..     8(c) 

Schuckert                                    j 

j  2|  in.  X  I  in.,  one  air  duct 
j  2  in.  X  J^  in.,  two  air  ducts 

1 

18 

.,     8  id) 

Parsons 

I  in.  water  tube 

54 

.,     »{e) 

Siemens  Dynamo  Works 

I  Ln.  and  |  in.  water  holes 

83 

..     8(/) 

Author 

3  J  in.  xf  in.  water  slot 

89 

Various  designs  have  been  proposed  using  liquid 
cooling.  Whilst  the  majority  of  them  are  of  foreign 
origin  the  initial  adaption  of  water  cooling  to  modem 
machines  is  to  be  credited  to  Messrs.  C.  A.  Parsons 
&  Co.,  Ltd. 

All  the  liquid  cooUng  designs  on  record  appear  to 
deal  with  the  problem  of  heat  dissipation  as  an  adjunct 
to  air  cooling.  If,  for  the  moment,  the  principle  of  liquid 
cooUng  be  accepted  and  be  completely  developed  as 
a  practical  feature,  there  are  a  number  of  important 
modifications  which  at  once  become  possible.  Air 
ventilation,  with  the  difficulties  of  cooUng  and  cleaning, 
becomes  unnecessary,  and  the  fire  risk  of  machines 
largely  disappears  if  there  be  no  air  to  feed  the  flames. 
By  splitting  up  the  water  paths  in  the  machine,  and 
by  providing  adjusting  cocks  in  the  water  supply  to 
each  cooling  device,  it  becomes  a  simple  matter  to 
determine  the  temperature  of  each  part  of  the  machine 
and  to  adjust  the  water  flow  to  give  a  uniform  tempera- 
ture with  elimination  of  hot  spots,  and  having  regard 
to  the  superior  coohng  effect  of  water  over  air,  a  lower 
temperature  would  be  possible  with  enhanced  Ufe  of  the 
insulation. 

A  further  and  great  advantage  would  be  in  the  pro- 
vision of  continuous  supports  to  the  end  connections 
of  both  stator  and  rotor  windings,  which  at  present 
are  the  weakest  features  of  most  generators. 


capacity  of  the  insulation  to  conduct  the  heat,  a  matter 
considered  later.  A  rotor  constructed  with  cooling 
ducts  as  shown  in  Fig.  8  (/)  is  detailed  in  Fig.  9,  where 
water-cooled  supports  are  shown  for  the  end  loops 
against  side  sUp. 

Water  cooling  for  the'  stator  does  not  appear  to 
have  been  developed  to  any  great  extent  ;  hollow 
water-cooled  stator  frames  have  been  designed  by  Herr 
E.  Huther,  and  I  am  informed  that  a  few  machines 
were  constructed  by  the  A. E.G.  on  these  or  similar  fines, 
but  not  of  recent  years. 

Geisenhomer,  of  Schenectady,  proposed  cooling 
devices  of  tlfin  stamped  metal  for  building  into  the 
stator  core,  but  I  have  found  no  record  of  machines 
using  these  devices  ha\'ing  been  constructed. 

In  the  Appendix  is  given  a  Ust  of  a  few  British  patents 
illustrating  the  development  of  air  and  water  cooling. 

Combination  of  W.\ter  Cooling  and  Coil  Supports. 
If  fuU  advantage  is  to  be  taken  of  water  cooling,  it 
would  appear  desirable  for  the  cooling  arrangements 
to  be  in  close  proximity  to  the  coils,  with  very  low 
resistance  heat  paths,  and  to  serve  the  double  purpose 
of  coolers  and  coil  supports.  Designs  have  been  de- 
veloped by  the  author  upon  these  lines,  and  are  indicated 
in  diagram  form  in  Figs.  8  (/),  9,  10,  11,  12  (a)  and  (i), 
and  13. 
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A  short  description  of  eachi  may  be  of  interest. 

In  Fig.  8  {/)  the  heat  from  the  rotor  coils  is  directly 
transmitted  to  the  iron  tooth,  which  would  be  made 
shghtlv  wider  than  usual  to  compensate  for  the  loss 
in  section  where  the  water  duct  is  milled  out  of  the 
solid  tooth  ;  the  top  of  the  duct  is  closed  bv  a  steel 
plug,  fusion  welded  in  place. 


either  at  the  flanged  coupling  as  in  Fig.  13,  or  could 
be  continued  through  the  turbine  rotor  shaft  to  the 
water  sealing  gland  at  the  low-pressure  end  of  the 
turbine. 

Fig.  10  is  a  section  of  the  stator  with  two  types  of 
coil  supports,  one  for  the  end  windings  and  fixed  at  the 
ends   of   the    core,  and    the  other    built   into   the  core 


Fig.  9. — Rotor  with  separate  coil  supports,  water-cooled. 


Fig.  9  shows  a  rotor  with  teeth  cooled  as  described, 
and  provided  with  separate  bronze  coil  supports  at 
each  end  of  the  core.  The  supports  would  provide 
continuous  slots  for  the  end  loops  of  the  rotor  coils. 
The  metal  teeth  between  the  coils  give  substantial 
support  at  the  rotor  periphery  for  supporting  and 
centering  flexible  steel  tape  bands.     The  steel  ring  over 


between  batches  of  laminations.  This  latter  support 
is  constructed  with  the  inner  part  laminated  to  reduce 
eddv  currents,  and  yet  of  considerable  strength  to 
clamp  the  portions  of  the  stator  bars  it  embraces  and 
gives  considerable  stiffness  to  the  core  teeth.  The 
hollow  interior  is  divided  by  a  diaphragm  into  flow 
and  return  water  passages. 


Key  way 


passages 


witli  Wdter-cooled  coil    supports i  * 


Fig   10. — Stator  with  water-cooled  coil  supports. 


Fig.    II. — Details   of  water-cooled  end-coil  supports. 


the  end  flange  is  arranged  to  give  a  mechanical  anchor 
for  the  end  of  the  steel  binding  tape. 

The  water  path  is  along  the  shaft  from  beyond  the 
exciter  with  helical  flow  under  the  cooling  support  for 
the  end  loops,  along  the  hollow  teeth  to  the  other  end 
of  the  rotor,  helically  under  the  second  support  for  the 
end    loops      The    water    discharge    could    be    arranged 


The  two  pairs  of  end-coil  supports  at  the  ends  of  the 
stator  are  shown  in  section  with  the  two  layers  of  end 
connections  clamped  between  them. 

Fig.  II  shows  an  end  elevation  of  the  stator  end 
(inner)  coil  support,  the  bottom  quadrants  of  which 
illustrate  respectively  the  under  and  upper  layers  of 
the    end    windings.     The    two    upper    quadrants    show 
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the  supports  without  windings,  and  with  the  clamping 
projections  in  place,  forming  between  pairs  of  them 
the  winding  recesses  for  a  group, of  end  connections, 
one  bar  per  slot  winding. 


^Projections  holding-coils  in  position^ 
Gronp  of  four  end  connections 


(a) 


^Vdter  passages 
Group  of  four  end  connections 


Vvdter  passages 
Projections  holding^  coils  in  position 

Fig.   12. — Details  of  water-cooled  winding  slot  oa  end  stator 
support. 

(a)  With  copper  tapes  as  heat  conductors. 
(6)  With  metal  fins  as  heat  conductors. 

Fig.  12  (a)  is  a  part  section  of  such  a  winding  recess, 
with  four  end  connections  in  place,  and  supported  by 
the  projection  on  each  side. 


Fig.  12  (b)  is  a  similar  section,  but  showing  metal 
fins  between  each  conductor,  giving  a  low  resistance 
heat  path  to  the  Uquid. 

As  the  metal  of  the  coils  supports  must  of  necessity 
be  in  close  proximity  to  the  active  conductors,  pre- 
cautions are  necessary  to  reduce  stray  currents,  whilst 
retaining  a  strong  construction. 

Figs.  12  {a)  and  12  (6)  show  the  coils  clamped  directly 
over  a  water  cooling  duct  cast  in  the  support  and 
enclosed  by  a  metal  plate  fusion  welded  in  place.  The 
plate  must  have  considerable  mechanical  strength  and 
high  electrical  resistance. 

Copper-nickel  alloys  are  on  the  market,  which  are 
as  strong  as  high-quality  bronze,  and  have  over  20 
times  the  electrical  resistance  of  copper.  Their  use 
would  reduce  the  stray  currents  to  a  comparatively 
insignificant  loss. 

W.ATER  Cooling. 
^^'hen   arranging   the  water  circulating   system,   due 
regard  must  be  paid  to  the  risk  of  corrosion  and  to  the 
recommendations   of   the  Corrosion    Committee  of   the 
Institute  of  Metals,  viz. — 

(i)  Only  clear  water  to  be  used, 

(2)  Water  to    be   free    from   gases   in    suspension   or 

solution. 

(3)  Water    must   be    neutral,    or    only    very   slightly 

alkaline. 

To  comply  conveniently  with  these  recommendations, 
the  cooling  water  is  taken  from  the  condensate  of  the 
steam  turbine,  forced  by  the  extraction  pump  tlirough 
the   cooling  de\'ices   of  the  alternator   and   discharged 


Air  vent  to 


prevent  <iir  locli 


Thermometer 
pocket 


Venturi  meter 


Condenser 


Ventiiri 
meter 


Toboilers ' 


''^'='°d immmr—j 


Hot 
well 


fUnln!.-., 


Fig.    13. — Diagram  of  water  cooling. 
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into  the  turbine  liotwell.  Tlie  whole  of  the  heat  losses 
in  the  alternator  would  then  be  utilized.  With  modern 
high  vacua  the  temperature  of  the  condensate  is  from 
70°  to  80°  F.,  which  temperature  would  then  receive 
an  increment  of  from  13  to  15  degrees  F. 

The  return  flow  of  each  water  path  is  shown  provided 
with  a  thermometer  pocket,  and  by  reducing  the  flow 
in  any  particular  cooler  a  close  indication  of  the  maxi- 
mum local  temperature  can  be  obtained. 

The  object  aimed  at  in  all  the  designs  described  is 
to  interleave  the  conductors  with  liquid-cooled  supports, 
thus  providing  continuous  winding  slots  for  the  coils, 
coil  loops  and  end  connections,  etc.,  in  wliich  the  weakest 
and  most  frail  bar  (no  matter  how  thoroughly  the  bar 
be  laminated)  is  continuously  supported  under  the 
most  severe  short-circuit  conditions.  At  the  same 
time,  freedom  for  expansion  is  provided,  together 
with  low-resistance  heat  paths  to  the  cooling  medium. 

As  every  portion  of  stator  and  rotor  windings  would 
be  enclosed  in  cool  metal  winding  slots  of  necessity, 
the  cooling  would  be  much  improved  and  the  fire  risks 
practically  eliminated.  The  absence  of  ventilating  ducts 
in  the  stator  would  be  the  immediate  gain  of  solid 
cores  and  firm  support  over  the  entire  surface  of  the 
stator  teeth. 

It  might  be  thought  that  the  difficulties  of  station 
engineers  are  sufficient  without  increasing  them  by  the 
adoption  of  water  cooUng  of  generators  with  the 
attendant  risk  of  water  leakage.  If  the  present  designs 
of  large  alternators  were  perfect  it  would  of  course 
be  folly  to  suggest  any  change,  but  it  must  be  admitted 
that  improvements  in  design  are  desirable. 

It  remains  to  be  shown  that  the  modifications  pro- 
posed, while  removing  certain  difficulties,  do  not  give 
rise  to  others  which  are  greater. 

The  problem  in  the  plainest  terms  is  the  possibility  of 
constructing  stator  cooling  devices  capable  of  withstand- 
ing a  water  temperature  of  about  120°  F.  and  a  pressure 
of  50  lb.  or  less  per  square  inch,  whilst  at  the  same 
time  the  devices  must  have  sufficient  strength  to  with- 
stand the  short-circuit  stresses  on  the  stator.  The 
rotor  coohng  devices  are  subjected  only  to  the  internal 
water  pressure  and  stresses  resulting  from  centrifugal 
forces.  Adequate  mechanical  strength  can  be  given  to 
these  devices  by  the  use  of  suitable  material,  pro- 
portioned in  accordance  with  well-kno\vn  methods  now 
used  in  all  branches  of  engineering  industry. 

With  respect  to  the  prevention  of  water  leakage, 
all  joints  can  be  constructed  of  a  character  similar 
to  those  used  in  hydraulic  practice,  and  deaUng  with 
pressures  of  over  2  tons  per  square  inch,  or  in  ac- 
cordance with  steam  practice,  with  high-pressure 
superheated  steam  of  300  lb.  pressure  per  square  inch 
and  a  temperature  of  700°  F.  Fusion  welding  is  now  an 
accepted  construction  for  the  more  arducfus  require- 
ments of  high-pressure  boilers  and  steam  piping.  More- 
over, the  fusion-welded  water  joints  may  be  designed 
so  that  the  weld  is  subjected  to  no  other  stresses  than 
those  caused  by  the  internal  water  pressure.  Conse- 
quently, combining  skilful  design,  stout  construction 
and  rehable  workmanship,  one  can  ensure  no  move- 
ment of  the  coils,  no  leakage  of  the  water  devices, 
and    no    overheating    of    the    coils.     Under    such    con- 


ditions, failure  of  machines  should  be  infrequent. 
Should,  however,  a  short-circuit  in  a  machine  occur, 
the  walls  of  the  cooling  ducts  may  become  fused,  in 
which  extreme  case  a  jet  of  water  would  immediately 
flood  the  machine  ;  but  even  so,  this  flooding  b^'  water 
would  only  occur  after  a  burn-out  had  happened,  and 
in  such  circumstances  a  stream  of  water  playing  upon 
the  fire  would  certainly  be  better  than  a  fierce  blast 
of  air.  In  all  cases,  prevention  is  better  than  the 
best  remedy,  and  the  improvements  suggested  are  all 
of  preventive  character. 

It  will  be  seen,  therefore,  that  whilst  water  cooHng 
will  remove  many  if  not  all  of  the  risks  inherent  in  the 
ordinary  air-cooled  machine,  there  is  nothing  in  its 
application  that  presents  any  real  difficulty  or  intro- 
duces any  n^ethod  of  construction  which  has  not  been 
established  in   other  branches  of  engineering. 

General  Comparison   of  Air   and  Water   Cooling. 

In  modern  turbo-generators  of  large  capacity,  over 
95  per  cent  of  the  heat  is  carried  off  by  the  ventilating 
air.  Assuming  for  simplicity  that  all  the  losses  are 
dissipated  by  either  air  or  water  circulated  tlirough 
the  machines,  the  relative  quantities  of  each  can  be 
calculated  from  the  following  data  : — 

J  =  mechanical  equivalent  of  heat,  taken  as  778  foot-lb. 
I  kw.  hour     =3,412  therms. 

,,     minute  =  56-82       ,, 
Specific  heat  of  air      =0-237. 

,,  water  =  i-o. 
Weight  of  I  cub.  ft.  of  air 

=  1/13  lb.  at  60°  F.  and  30  in.  barometer.. 
Weight  of  I  cub.  ft.  of  water  =  62-35  lb.  at  60°  F. 
Comparative  cooling  effect  of 

I  cub.  ft.  of  water 62-35 

of  air 


,=3.420- 


=  62-34  cub.  ft. 


I  cub.  ft.  ot  air       0-237-M3 
Mas.  velocity  of  air  in  external  air  ducts,  say  1,500  ft. 

per  min. 
Max.   velocity   of   water   in   external   water   pipes,   say 

200  ft.  per  min. 
Allowing  a  temperature  rise  of  50  degrees  F.  for  both 

air  and  water : — 
Amount  of  air  required  per  min.  for  i  kw.  loss 

56-82  X13 
"0-237x50 

To   allow  for   air  short-circuited    or   not  properlv   dis- 
tributed, say  100  cub.  ft.  per  min. 
Area  of  external  air  duct  per  i  kw.  loss 

100 
=  =0-066  sq.  It. 

1,500  ^ 

=  0-95  sq.  in. 

Amount  of  water  required  per  min.  for  1  kw.  loss 

56-82  lb. 

= =  1135  lb. 

50  ^^ 

To  allow  for  unequal  distribution  of  water,  say  1-5  lb 

or  0-15  gall,  per  min. 

Area  of  external  water  supply  pipe  per  i  kw.  loss 

0-15  X0-16X144 
—    -  =0-00173  sq.  in. 


Area  of  external  air  duct 


0-95 


Area  of  external  water  duct     0-00173 


=  550- 
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The  losses  in  turbo-generators  differ  with  various 
designs,  but  representative  figures  are  given  below, 
together  with  the  relative  amounts  of  air  and  water 
necessary  for  cooling  on  the  liberal  scale  just  worked 
out. 

On  the  assumption  that  the  condensate  be  used  for 
cooling  the  proportion  necessary  to  limit  the  rise  to 
50  degrees  F.  is  given,  also  the  increment  of  hotwell 
temperature. 


ance  gives  rise  to  a  difference  of  pressure  (temperature) 
across  the  resistance.  In  other  words  a  hot  insulated 
conductor  passing  heat  through  the  insulation  is  always 
hotter  inside  the  insulation  than  on  the  outer  surface 
of  the  insulation  being  cooled.  As  the  interior  surface 
of  the  insulation  must  never  exceed  the  safe  tempera- 
ture of  the  insulation,  no  matter  how  cold  be  the  out- 
side of  the  insulation,  a  Umit  to  the  maximum  heat 
flow  through  the  insulation  is  soon  reached. 


Internal 

Loss, 
Per  cent 

Quantity  of  Cooling  Media 

Size  of  External  Ducts 

Size  of 

Alternator, 

kw 

Air 

Water                        !                       Air 

1 

Water 

^=?i      i        -r_f 
lor                  T,„„„=,.,t„™ 

Cub.  ft.  per  Blin. 

Cub.  ft.  per 
Minute 

""mS"        sq.ft.             Diameter 

1                                 ! 

Diameter 

50  deg.  Rise 

5,000 
10,000 
20,000 
50,000 

55 
50 

45 
40 

27,500 

50,000 

90,000 

200,000 

6  6 
120 
216 

48-2 

41-2 

75 
135 
300 

18 

33 

59 

133 

5  ft. 

6  ft.  6  in. 
8  ft.  9  in. 

13  ft. 

2|  in. 
35  in. 
4|in. 
6 J  in. 

41              15-5  deg. 
39              150  deg. 
36              13-5  deg. 
32          1     12-5  deg. 

The  relative  cooling  capacities  of  the  internal  stator 
ducts  of  equal  volume  would  be  :- 

Water  ducts  with  water  velocities  of  500  ft.  per  min. 

Air  ducts  with  air  velocity  of  4,000  ft.  per  min.       ^^  ^^o- 

This  increased  potential  capacity'  for  cooUng  might 
be  in  excess  of  the  capabilities  of  the  remainder  of  the 


The  tliickness  of  insulation  usually  lies  between  o-i 
and  Q-2  inch,  and  the  transference  of  heat  measured 
in  watts  per  square  inch  for  various  kinds  of  insulation 
is  given  below  for  heat  gradients  of  50  and  100  de- 
grees F.  For  comparison  the  corresponding  figures  are 
also  given  for  still  air  (without  convection)  and  for 
copper.* 


Table  giving  Heat  Density  in  Watts  per  Square  Inch  of  Conducting  Area  for  Various  Temperature 
Gradients,  and  for  Heat  Paths  o-io  and  0-20  Inch  Long. 


Heat  Density  in  Watts  per  Square  Inch 

Class  of  Heat  Conductor  including  Ordinary 
Insulation  Copper  and  .4ir  Cells 

Gradient  i  deg.  F. 

Gradient,  50  deg.  F. 

Gradient,  100  deg.  F. 

0-10  in.  Path 

0-20  in.  Path 

o*io  in.  Path 

0-20  in.  Path 

o-io  in.  Path 

0:20  in.  Path 

Copper  .  . 

IM'ca  plates  without  air  spaces 

Empire  cloth  and  mica  in  alternate 

layers  tightly  wrapped 
Empire  cloth  and  mica  in  alternate 

layers  with  usual  air  spaces 
Micanite,  with  1 1  per  cent  shellac  as 

binding  material 
Still  air  (air  cells) 

45 
0-0508 

0-0295 

0-0206 

0-0172 
0-0028 

22-5 
0-0254 

0-0147 

00103 

o-oo86 
0-0014 

2250 
2-54 

1-47 
1-030 

0-86 
0-14 

1 1 25 
1-27 

0-735 

0-515 

0-43 
0-07 

4500 
5-08 

2-95 
2-06 

1-72 
0-28 

2250 

2-54 
1-47 

1-03 

0-86 
0-14 

machine  to  transmit  the  heat  to  the  cooling  ducts 
through  the  insulation  around  the  copper. 

The  laws  of  thermal  conductivity  are  very  similar 
to  Ohm's  law  and  may  be  stated  thus  : — 

-\  (heat)  current  passing  through  a  (thermal)  resist- 


For  example,  a  stator  coil  with  insulation  o-io  inch 
tliick  has  an  outside  temperature  of  100°  F.,  and  is  insu- 
lated with  micanite  built  up  with  11  per  cent  shellac. 
If  the  inside  temperature  is  not  to  exceed  150°  F.  the 

*  H.  D.  Symons  and  M.  Walker  :  Journal  I.E.E,,  1912,  vol.  48,  p.  682. 
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temperature  gradient  must  be  50  degrees  F.  or  less  ; 
to  be  within  that  figure,  the  heat  density  must  not 
exceed  o-86  watt  per  square  inch  of  that  portion  of 
the  insulation  which  is  conducting  away  the  heat. 

In  the  case  of  the  rotor  coil  shown  in  Fig.  8  (/)  all 
four  faces  of  the  insulated  coil  may  be  considered  to  be 
effective  heat  conductors. 

With  water-cooled  stator  end  connections  having 
several  conductors  in  the  same  winding  recess  (Fig. 
12a)  only  one  face  is  usually  in  contact  with  the  coohng 
device,  and  the  other  three  faces  of  insulation  are  not 
freely  conducting.  The  thermal  conductivity  can  be 
improved  by  wrapping  copper  foil  around  the  coil 
gixdng  a  direct  heat  path  from  all  four  faces.  The 
conductivity  of  copper  to  micanite  (11  per  cent  shellac) 
is  2600  :  1. 

In  the  case  of  iron  losses,  each  cooling  element  is  in 
direct  contact  with  groups  of  stampings,  and  the  heat 
path  is  both  small  in  length  and  considerable  in  area. 


(2)  In  extremely  dirty  and   sulphurous  atmospheric 

conditions. 

(3)  At  high  altitudes  with  reduced  air  density. 

(4)  On  board  ship,   where  air  cannot  be  freed  from 

salt  spray. 

As  an  example  of  turbo-generators  working  at  high 
altitudes,  the  stations  on  the  Rand  may  be  cited.  At 
an  elevation  of  6,000  feet  and  a  barometer  of  24-5 
inches  *  the  air  density  would  be  82  per  cent  of  normal, 
and  a  standard  turbo-generator  frame  of  10,000  k.v.a. 
would  only  be  suitable  for  an  output  of  approximately 
8,500  k.v.a.  air  cooled.  The  same  frame  if  adapted  for 
water  cooling  would  probably  give  an  output  of  12,300 
k.v.a. 

Consequent  upon  the  lugher  ambient  temperature  of 
the  South  African  chmate,  water  cooling  would  have  the 
further  advantage  of  a  much  lower  average  temperature 
of  windings. 

The  last  case  deserves  detailed  consideration. 


Displace- 
ment 

Length 

Speed 

Shaft, 
h.p. 

Co 

Generators 

Motors 

Class  of  Ship 

oling  .\ir 

Cooling  Water 

Cooling  .^ir 

Cooling 

Water 

Cub.  ft. 
per  Min. 

Air 

Duct 

Area 

Diara. 
Ft. 

Galls, 
per 
Min. 

Diam., 
Pipe 

Cub.  ft. 
per  Min. 

Air 
Duct 
Area 

Diam. 

Galls. 
S?n. 

Diam., 
Pipe 

Tons 

Ft. 

Knots 

.Approx. 

Sq.  ft. 

In. 

Sq.  ft. 

Ft. 

In. 

Tramp 

13,500 

420 

10 

2,500 

12,000 

6 

2-8 

18 

I* 

r  1,000 

5i 

2-8 

16-5 

H 

Intermediate 

17,500 

500 

14 

lOsOOO 

45,000 

22J 

5-4 

67-5 

3i 

40,000 

20 

5-0 

60 

3 

First-class  passenger 

20,000 

550 

19 

2 1, 000 

85,000 

42* 

7-4 

128 

4i 

78,000 

39 

7-0 

117 

4i 

First-class    Atlantic 

liner 

33,000      760 

25 

68,000 

250,000 

125 

12-8 

375 

7i 

225,000 

112* 

120 

338 

7 

Small  cruiser 

3,500    ;     400 

30 

40,000 

165,000 

82* 

103 

^50 

6 

150,000 

75 

99 

225 

5^- 

Super    "  Dread- 

nought ". . 

25,000    i     600 

25 

27,500 

115,000 

57i 

8-7 

170 

5 

100,000 

50 

80 

155 

■ii 

Battle  cruiser 

33,000        860 

35 

180,000 

600,000 

300 

19-6 

900 

Hi 

550,000 

275 

i8-Q 

825 

II 

Velocity  in  external  air  ducts  taken  at  2,000  ft.  per  min. 
water  pipes  taken  at  200  ft.  per  min. 


The  cooling  effect  of  water  is  so  considerable  that 
without  certain  precautions,  condensation  difficulties 
may  arise.  If  the  temperature  of  the  cooling  devices 
falls  below  the  dew  point  atmospheric  condensation 
upon  them  will  take  place.  This  can  be  avoided  by 
using  cooling  water  with  an  inlet  temperature  higher 
than  the  dew  point,  as  by  the  method  shown  in  Fig.  13. 

As  the  output  of  most  machines  is  rated  by  ultimate 
temperature,  there  are  substantial  grounds  for  con- 
cluding that  water  cooling  will  allow  an  increase  in 
output  for  the  same  total  weight  and  volume  of  25 
to  33  per  cent.  Some  readjustment  of  relative  copper 
and  iron  losses  mav  be  necessary,  and  the  result  should 
be  a  substantial  reduction  of  average  temperatures 
and  weight  for  the  same  output.  Whether  water 
.cooUng  will  displace  air  cooling  time  alone  can  prove. 

There  are,  however,  a  number  of  cases  where  water 
cooling  offers  advantages  over  air  cooling,  quite  apart 
from  the  improved  and  more  robust  construction  of 
machines,  i.e.  for  machines  worki#ig  under  the  follow- 
ing conditions — 

(i)  In  hot  climates  where  cool  air  is  difficult  to 
obtain. 


Ship  Propulsion. 

The  field  for  the  electrical  propulsion  of  ships  is 
practically  virgin  and  immense  in  size. 

In  order  to  gauge  the  size  of  the  power  problem 
involved,  the  particulars  of  various  representative 
classes  of  ships  are  given,  taken  from  published  figures. 
From  them  the  relative  quantities  of  cooling  air  and 
cooUng  water  are  calculated.  The  generators  are 
assumed  to  have  the  losses  already  given  for  land  ser- 
vice. The  motors  may  be  either  high-speed  machines 
geared  down  to  the  propeller  shafts,  or  low-speed 
direct  coupled.  In  either  case  the  same  internal  losses 
have  been  assumed,  and  these  will  be  su,fliciently  accu- 
rate for  the  present  rough  examination.  If  the  motors 
were  low-speed,  direct  coupled  to  the  propeller  shafts, 
they  would  be  of  open-type  construction  ;  of  necessitv 
they  would  be  housed  in  small  watertight  compartments 
and,  so  far  as  ventilation  is  concerned,  may  be  con- 
sidered to  be  enclosed  machines  requiring  auxiliarv 
cooling,  except  for  the  smaller  powers. 

The  electric  power  would  be  either  two-phase  or 
three-phase,    with    a   pressure  of    approximately    1,000 

•  J.  H.  Rider  :  Journal  I.E.E.,  1915  vo!.  $3  p.  629. 
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volts  for  small  ships,  increasing  to  about  10,000  volts 
lor  the  larger  powers,  otherwise  the  size  of  the  con- 
ductors and  operating  switchgear  would  be  too  heavy 
and  costly. 

The  one  great  difficulty  with  even  low-pressure 
electrical  plant  for  ship  work  is  the  presence  of  salt 
water.  Electrical  apparatus  quite  suitable  for  land 
ser\'ice  usually  requires  modification  to  suit  sea  con- 
ditions and,  up  to  the  prese^jt,  high-tension  apparatus 
of  any  considerable  power  has  not  been  used  to  any 
extent  under  severe  sea  conditions. 

The  difficulties  peculiar  to  sea  service  are  due 
to  the  extreme  weather  conditions  encountered.  In  the 
course  of  a  voyage  a  ship  may  meet  air  temperatures 
varying  from  0°  F.  to  100°  F.,  and  must  of  necessity 
develop  full  power  continuously  under  extreme  Red 
Sea  summer  conditions,  with  day  temperatures  of 
105°  to  115°  F.  falling  at  night  to  95^  F. 

Again  during  heavy  gales  waves  may  sweep  the  ship 
from  end  to  end,  with  spray  continually  blown  over  the 
tops  of  the  funnels.  Such  rough  conditions  may  con- 
tinue during  an  entire  Atlantic  voyage,  and  the  salt 
water  finds  its  way  into  practically  every  part  of  the 
ship. 

It  is  difficult  to  see  how  the  cooling  air  can  then  be 
collected  in  large  volumes  free  from  salt  spray.  Air 
washing  might  get  rid  of  the  larger  portion  of  the  salt, 
but  its  operation  in  frosty  weather  would  be  difficult, 
and  plant  difficult  to  operate  is  not  required  at  sea. 

Apart  from  operating  troubles,  the  question  of  room 
must  be  considered. 

The  sizes  of  air  ducts  are  calculated  for  a  high  velocity 
of  2,000  feet  per  minute.  They  are  of  considerable 
dimensions,  and  it  is  doubtful  if  any  shipowner  would 
sacrifice  valuable  carrying  space  to  accommodate  them. 
The  situation  of  the  generators  and  motors  would  be 
aft  of  midships,  and  short  vertical  air  ducts  to  them 
would  cut  through  state-rooms  and  saloons  of  liners, 
the  most  valuable  portions  of  the  ship. 

In  fighting  ships  the  problem  is  more  difficult,  as 
the  powers  to  be  developed  are  higher  and  the  space  is 
enormously  costly.  At  present  the  floor  space  allowed 
for  steam  propulsion, including  boilers,  engines,  auxiliaries 
and  working  gangways  is  generally  at  the  rate  of  10  h.p. 
per  square  foot — a  figure  quite  unapproached  in  land 
service. 

Owing  to  the  low  free-board,  all  cooling  air  would 
require  to  be  collected  at  some  height  above  the  deck 
to  ensure  that  the  air  was  even  moderately  free  from 
spray  in  heavy  weather.  Such  elevated  air  trunks 
might  seriously  interfere  with  the  training  and  firing  of 
the  guns  from  the  aft  turrets,  and  there  would  be  the 
further  complication  of  piercing  watertight  bulkheads 
and  cutting  various  protective  decks.  The  objections, 
in  fact,  might  be  so  serious  as  to  outweigh  any  advan- 
tages of  electric  propulsion.  ' 

With  water  cooling,  the  difficulties  of  collecting  and 
conveying  the  cooling  medium  disappear,  and  its  use 
presents  neither  the  difficulties  of  large  ducts  nor 
the   trouble   of   filtration. 

Proposals  have  been  made  to  re-circulate  the  air 
through  a  closed  pipe  system  with  air  coolers  ;  the 
sizes  of  air  ducts  are  so  considerable  that  room  for  them 


could  not  be  found  with  the  present  allowance  of  engine- 
room  space.  There  is  now  usually  considerable  difficulty 
in  finding  room  for  the  comparatively  small  steam  pipes 
and  valves. 

Whether  the  machine  be  air  cooled  or  not,  a  certain 
amount  of  salt  is  likely  to  reach  the  windings,  and, 
with  pressures  of  1,000  volts  and  over,  watertight 
windings  would  be  a  great  advantage.  The  micanite 
wrap  on  the  stator  bars  maj'  be  considered  to  be  water- 
proof without  further  treatment,  but  a  waterproof 
seal  over  the  end  insulated  joints  is  desirable.  A 
substantial  seal  of  vulcanized  rubber  could  be  "  cured  " 
in  place  over  the  insulated  joints  using  the  cooling 
devices  as  heaters,  by  passing  low-pressure  steam  through 
those  which  embrace  the  ends  of  the  stator  bars. 

This  waterproof  treatment  of  the  stator  joints  would 
be  of  advantage  if  surface  condensation  took  place. 
The  ideal  alternator  for  marine  purposes  should  be 
capable  of  being  cleaned  down  with  a  hose  pipe. 

The  difficulties  of  sea  conditions  have  in  no  way  been 
exaggerated,  and  most  of  them  can  be  overcome  by 
adapting  designs  to  suit  sea  conditions.  If  electrical 
propulsion  is  to  progress,  the  problem  must  be  attacked 
in  a  thoroughly  practical  way,  as  electrical  methods 
will  be  in  opposition  to  established  interests  and  in 
competition  with  thoroughly  sound  and  well-tried  steam 
plant  evolved  after  years  of  practical  sea  experience. 

The  present  design  of  high-speed  marine  turbine 
drive  is  through  double-reduction  helical  gears  of  fine 
pitch,  with  end-thrusts  balanced  by  mounting  pairs 
of  helical  gears  with  opposite  angular  leads.  With 
the  most  perfect  machining  and  fitting  possible,  the 
driving  faces  can  only  have  lines  of  contact,  and  with 
the  finest  chrome  steel  gears  and  lubricated  faces  heavv 
drives  with  only  lines  of  contacts  cannot  be  considered 
to  be  a  final  solution. 

Up  to  the  present,  marine  turbines  are  not  generallv 
supplied  with  superheated  steam,  which  is  in  striking 
contrast  to  land  practice. 

CONXLUSIOX. 

The  first  portion  of  the  paper  briefly  reviews  the  chief 
causes  of  failure  of  turbo-generators  as  now  constructed, 
and  the  statements  will  no  doubt  be  endorsed  by  most 
engineers  who  have  had  charge  of  large  plant. 

Designs  have  now  passed  the  initial  difficulties  of 
electrical  and  magnetic  characteristics,  and  the  secondary 
difficulties  of  mechanical  strength,  durabihty,  heating 
and  fire  risk  remain. 

Whether  we  like  the  idea  of  licjuid  cooling  or  not, 
the  question  has  to  be  faced  in  the  immediate  future, 
and  the  full  consideration  of  its  uses  gives  an  opportunity 
of  considering  alternator  design  from  a  new  point  of 
view.  The  designs  described  offer  the  following  advan- 
tages over  air-cooled   machines. 

Rotor. 

(i)   Smaller  diameter  with  reduced  centrifugal  stresses. 

(2)  Mechanical    support    to    end    winding    loops    and 

steel  tape  bands. 

(3)  Efficient   heat   paths,    low   working   temperature, 

less  fire  risk,  and  longer  life. 
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Siator. 

(4)  Solidly  supported  core   and  teeth  with  reduction 

of  vibration. 

(5)  Continuous  mechanical  support  to  windings. 

(6)  Efficient   heat   paths,    low   working   temperature, 

less  fire  risk  and  longer  life. 

(7)  Adjustment  of  amount  of  cooling  to  every  portion, 

with   elimination  of  hot  spots. 

The  physical  life  of  any  plant,  apart  from  breakdowns, 
is  determined  by  the  wear  of  moving  parts,  fatigue  of 
such  other  parts  as  may  be  subjected  to  fluctuating 
stresses  or,  in  the  case  of  insulation,  by  prolonged 
heating  combined   with   mechanical  stresses. 

Having  regard  to  the  necessarily  few  moving  and 
wearing  parts  of  a  turbo-generator,  viz.  journals,  bear- 
ings, and  slip-rings,  there  appears  to  be  no  sound  reason 
why  it  should  not  have  as  long  a  ph3'sical  life  as  the  low- 
speed  plant  it  has  superseded,  provided  it  be  possible 
to  construct  machines  which  do  not  overheat,  the  coils 
of  wliich  are  efficiently  and  continuously  supported 
asjainst  all  stresses  and  vibration,  and  that  the  fire 
risk   be  removed. 


If  the  arguments  put  forward  in  the  paper  are  sound, 
machines  can  be  constructed  embracing  those  features, 
and  with  machines  so  constructed  a  much  longer  physical 
fife  may  be  anticipated.  With  dear  money  and  expensive 
plant,  longer  physical  life  will  be  an  economical  necessity 
of  the  immediate  future. 

The  latter  part  of  the  paper  indicates  certain  specific 
applications  of  electrical  power  where  present  methods 
of  construction  should  be  fiiodified  to  overcome  success- 
fully special  conditions  of  worlcing,  and  where  it  would 
appear  that  air  cooling  must  give  place  to  a  more  suitable 
cooling  medium.  Power  engineering  has  become  very 
largely  the  province  of  electrical  engineers.  If  electrical 
plant  can  be  made  more  mechanical  and  rehable  there 
is  every  prospect  of  that  province  rapidly  extending 
to  every  branch,  but  the  fight  with  estabhshed  practice 
will  be  strenuous. 

The  author  anticipates  that  the  proposal  to  substitute 
water  cooling  for  air  cooling  will  be  subjected  to  adverse 
criticism.  All  new  ideas  must  of  necessity  be  so  treated  ; 
at  the  same  time  without  novelty  there  can  be  no 
progress. 


APPENDIX. 
List  of  a  Few  British  Patents  Illustrating  Developments  of  Turbo-Alternators. 


Patent  No. 

Year 

2,321 

1879 

23,366 

1900 

13,108 

1905 

20,990 

1905 

25,000 

1905 

1,068 

1906 

28,192 

1906 

24.751 

1906 

1,679 

1 909 

7.203 

1909 

9,133 

1909 

16.457 

1909  ( 

18,151 

I910  i 

22,789 

1909  j 

20,491 

igio  ) 

1,404 

1910 

14,125 
14,862 

14,680 

30,233 
5,247 

17,110 
19,760 


1910  , 
1910  ) 

I9I0 
1910 
I9II 
19II 
I9II 


Patentees 

J.  D.  F.  Andrews 
W.  Whiteley 
Sir  C.  A.  Parsons 
B.T.H. 

S.  Von  Ammon 

Sir  C.  A.  Parsons 

W.  Deacon 
Siemens  Schuckert 
M.  Kloss 

Brown,  Boveri 

i  Mavor  &  Coulson 

! 

1  M.  Haefely 

,  Siemens    Bros.    DjTiamo 
Works 
M.  Kloss 

A.E.G.  I 

Sir     C.     A.     Parsons    & 

Low 
B.T.H. 

Siemens  Schuckert 

E.  Huther 

F.  G.  Baum 


short  Description  of  Salient  Features 


Hollow  armatures  with  fans  for  forced  ventilation 

Water  jackets  on  outside  of  frames 

Copper  gauze  around  conductors  to  give  improved  heat  path 

Hollow  conductors  on  rotors  of  induction  rotors  for  circulation 

of  cooling  liquids 
Air   or   liquid   passages   built   into   stator   of   induction    motors 

for  cooling 
Interlacing  good  heat  conductors  between  active  windings  for 

magnets 
Ventilating  grids  of  expanded  metal  for  stator  cores 
Liquid  coohng  under  commutators  of  direct-current  machines 
Rotor  windings  cooled  by  interlacing  metal  strips  leading  into 

air  spaces  below  winding  slots 
Cooling  enclosed  motors  by  circulating  air  from  machine  through 

external  water  coolers 
Hollow  tubes  spaced  inside  enclosed  motors  for  circulation  of 

cooUng  liquids 

Mica  wrapping  machines 

Armatures  with  hollow  shells  through  which  cooling  liquids  are 

circulated 
Cooling  plates  between    turns    of    active   windings,  also   metal 

containers  for  windings  to  provide  heat  paths 
Separate  rotor  teeth  of  steel  stampings  with  spaces  at  intervals 

for  air  ventilation 
Securing  end  loops  of  rotors  by  bolts  whose  heads  are  held  in 

T  slots  * 

Rotor  formed  of   stampings   with   air   spaces   at   intervals,    air 

entering  at  polar  faces  and  discharging  between  the  windings 
Air  ventilation  slots  formed  at  sides  and  bottom  of  rotor  winding 

slots 
External  water- jacketed  stator    frame  with    internal    radiating 

webs  for  cooling  ventilating  air 
Ventilating  air  saturated  with  water  vapour,  temperature  above 

dew  point 
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Patent  No. 

17-391 
19.792 
21,822 

6,036 
6,647 

7,600 

io,6o3 
10,919 
24.450 

5.828 
15.585 
15.958 

16,590 

16,979 

16,986 

16,986 
18,281 

19.942 
22,950 

4,560 
16,464 

112,939 

103.317 

104,250 

109,294. 
110,915 
ii6,8S6 

118,000 
121,218 

120,653 

125,673 

j       125,681 

j      128,330 

1128,739 
129,094 
129.788 

131,185 
135.122 


Year 


Patentees 


1912 
1912 
1912 

1913 
1913 

I913 

1913 
I913 
1913 

1914 
1914 
I9I4 

I9I4 

I914 

1914 

1914 
I9I4 
1914 
1914 

I915 
1915 

1916 

1917 

I917 

I917 
1917 
1917 

1917 
I918 

1919 

I919 

1919 

.  I919 
I919 

1919 
1919 

1919 
I919 


Short  DescripttoQ  of  Salient  Features 


M.  A.  McLean    • 
Mower  &  Hale 
Siemens    Bros.    Dynamo 

Works  &  Kieffer 
Brown,   Boveri 
Siemens    Bros.    Dynamo 

Works 
B.TH.      &     Clough      & 

Dunker 
A. E.G. 

B.T  H.  &  H.  W.  Taylor 
A.E.G. 

Siemens  Schuckert 
Sir  C.  A.  Parsons 
Siemens    Bros.    Dymano 

Works  &  E.  O.  meffer 
Siemens    Bros.    Dynamo 

Works  &  E.  O.  Kieffer 
Siemens    Bros.    Dynamo 

Works  &  E.  O.  Kieffer 
Siemens    Bros.    Dynamo 

Works  &  E.  O.  Kieffer 
Sir  C.  A.  Parsons 
G.  A.  JuhUn 
B.T.H. 
A.E.G. 

! 

i  British  Westinghouse 

Eborall  &  Brown,  Boveri 
j 
!  Siemens  Schuckert 

!  B.T.H. 

B.T.H. 

J.  Shepherd 
Electromotors  Ltd. 
K.  Kobukara 

Burleigh 

G.    A.    Juhhn    &    J.    S. 

Peck 
Vickers     Ltd     &    S.    F. 

Barclay 
Vickers     Ltd.    &    S.    F. 

Barclay 
S.  F.  Barclay 


B  Lonijbo'tom  &  E. 
Greenhalgh 

S.  F.  Barclay  &  Vickers 
Ltd. 

J.  Shepherd 

Kuvser  &  British  West- 
inghouse 

B.  Longbottom  &  E. 
Greenhalgh 

J.  Shepherd 


Supports  for  end  loops  of  rotor  coils  made  of  steel  discs 

Spray  washers  for  cleaning  ventilating  air 

Hollow  conductors  forming  passages  for  ventilating  air 

Lamination  of  stator  bars 
Mica  wTapping  machine 

Lamination  of  stator  bars 

Lamination  of  stator  bars 

Lami  lation  of  stator  bars 

Damper  for  diverting  air  from  cloth  filter  when  filtering  cloth 

catches  fire 
Hollow  rotor  teeth  for  passage  of  cooUng  air 
Subdivision  of  air  passages  in  stator  frame 
Method  of  supporting  stator  end  connections 

Liquid-cooled  rotors 

Liquid-cooled  rotors 

Liquid-cooled  rotors 

Liquid-cooled  rotors 

Metal  deflectors  for  cooling  slots  of  rotors 

Electric  welding  of  rotor  bars 

Using  washed  air  mi.xed  with  portion  of  heated  air  discharged 

from  machine,  for  cooling 
Prevention  of  vibration  of  stator  core  teeth 
Keys  or  bolts  through  stator  stampings   connected  together  by 

copper  rings  to  allow  higher  induction  in  core 
Baffles  to  air  inlet  ot  electrical  apparatus  to  prevent  entry  of 

sea  spray 
Stator   bars   with   multiple   laminated    conductors  ;     successive 

turns  crossed  where  connected  at  ends  of  stator  bars 
Arrangement  of.  multiple   fans  and   air  ducts  to  each  to  give 

better  distribution  of  air 
Water-cooled  coil  supports 

Ventilating  air  from  enclosed  motors  cooled  by  external  coolers 
Enclosed  squirrel-cage  motors  with  water  cooling  inside  motor 

casing,  water  kept  out  of  air-gap  by  air  under  pressure 
Enclosed  motors  with  external  air  coolers  cooled  with  air  or  water 
Electrically  closed  damper  to  air  supply  to  generators,  operated 

by  generator  relays 
Solid  band  with  flange  centered  on  rotor  body 

Machines  arranged  with    separate    air    currents,   axial    current 

in  rotor,  axial  and  radial  for  stator 
Air  washers  of  spray  pattern  with  electrified  plates  attracting 

dust  particles 
External  air  coolers 

"  Hair-pin  "    formed    coils    for  cylindrical    rotors,    fourth    side 

connected  by  fusion  welding 
Water-cooled  coil  supports   for  stator  coils 
Laminated  stator  coils  twisted  within  the  winding  slots 

External  air  coolers,  cooled  by  water  spray 

Water-cooled  coil  supports  for  rotor  coils 


Vol.  58. 


10 


14'2 


SHEPHERD  :    FAILURES   OF   TURBO-GENERATORS 


Discussion  before  The  Institution,  8  January,  1920. 


Mr.  A.  B   Field  :   It  is  very  refreshing  to  have  a  paper 
Hke  this  on  design  from  a  point  of  view  so  essentially 
practical.     The    operating    engineer    need     show    none 
of  the  reticence  about  talking  freely  of  troubles    and 
breakdowns  which  possibly  the  manufacturing  engineer 
might  feel.     The  manufacturer  must  admit,     however, 
that  the  author  has  good  grounds  for  his    indictment 
in    respect   of   some    of    the    older    machines ;    further, 
that   some  of  the  disadvantageous   features  wlhch   he 
mentions  still  persist,   and  will  persist  for  some  time. 
Their  elimination  is  awaiting  the  development  of  colla- 
teral  problems.     Many    solutions    of   these    difficulties, 
some  of  which  the  author  has  outlined,  have  long  been 
in  mind,   but  are  not  immediately  applicable,  pending 
such  development.     For  instance,  many  of  the  author's 
proposals    presuppose    improvements    in    methods    of 
insulating.     The  main  feature  of  the  author's  proposals 
is  water-cooling,  both  of  the  stator  and  of  the  rotor. 
Personally,   I  feel  that  air-coohng  of  the  machine  will 
certainly   be   superseded   on   the   biggest   units   in   the 
future,  that  is  to  say,  the  method  according  to  which 
the  cooling  is  effected  .by  the  intake  and  rejection  of 
large  volumes  of  air  per  minute.     Perhaps  the  author 
has  hardly  appreciated  the  possibilities  of  water-cooling 
a  machine  by  circulating  air  within  the  macliine  and 
through  an  air  cooler  incorporated  in  the  machine  itself. 
This  arrangement  overcomes  the  difficulty  of  air  ducts, 
air  filtration,   salt-laden  air,   and   so  on.     It  certainly 
is  not  a  final  solution  for  the  biggest  machines,  but  I 
believe  it  has  a  greater  possibility  than  the  author  seems 
to  assign  to  it.     There  are  a  great  many  difficulties  that 
will  arise  in  the  author's  proposals.     Referring  briefly 
to  the  case  of  the  stator,  the  proposal  to  imbed  completely 
the  winding  throughout  its  whole  turn  is  one  that  has 
been  kept  in  mind  for  many  years,  and  attempts  have 
been   made   several  times   to   approach   nearer   to   this 
condition.     One  such  attempt   I   described  before  this 
Institution  a  few  years  ago.*     But  the  real  difficulty 
is  in  bringing  earthed  metal  up  against  the  coil  through- 
out the  entire  turn.     There  are  several  places  in  the 
stator  turn  where  the  insulation  cannot  be  as  good  as 
in  the  slot  part.     Where  we  have  a  sharp  radius   of 
curvature,  or  a  junction  between  two  types  of  insulation, 
we  usually  have  to  allow  a  considerable  creepage  distance  ; 
where   we   have   connectors   we   cannot   bring   earthed 
metal   close.     For   this   reason    (and    many   more)    the 
author's   proposals    will   have   to   await   improvements 
in   methods   of   insulation,    etc.     Personally,    I    believe 
that  15  years  hence  the  machines  of  to-day  will  appear 
as  antiquated  as  the   1904  machine  does  now,   and   I 
do  not  agree  with  the  author  that  we  ought  now  to  be 
figuring  upon  a  greater  length  of  economical  life  before 
"  antiquation  "  becomes  effective,  than  we  now  recognize 
should  have  been  figured  upon  15  years  ago.     We  need 
to  follow  much  more  freely  the  example  of  "  scrapping" 
set  by    the   Manhattan  Elevated    Railway   generating 
station  in  New  York  in   1913.      I   think  many  of  the 
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points  aimed  at  by  the  author  will  be  gained  finally, 
but  not  just  yet,  and  not  very  closely  along  the  lines 
of  the  author's  proposals. 

[Communicated)  :     In     view     of     the     discussion     at 
Manchester,  and  Professor  Walker's  endorsement  there 
of  the  author's  contention  that  a  high-resistance  alloy 
would  be  necessary  for  any  metallic  stator-coil  supports, 
it  seems  worth  while  to  raise  the  question  of  going  to 
the  opposite  extreme.     It  seems  at  least  possible  that 
by    using    high-conductivity   metal,    suitably    disposed, 
for  such  a  system  of  coil  supports  (when  these  become 
practicable)  stray  load  losses  might  be  reduced  to  an 
extent  which  would  much  more  than  compensate  for 
the   losses  introduced   in   the   high-conductivity   metal 
I   added.     It  should  be  borne  in  inind  that  the  magnitude 
[   of  the  currents  which  can  be   generated  in  these  coil 
supports  is  limited  to  something  less  than  an  optical 
image  of  the  system  of  currents  in  the  stator  end-con- 
nections,   and    that    when    the    coil-support    currents 
approximate  to  such  figures,  similar  currents  will  have 
been  eliminated  from  iron  and  steel  parts,  where  their 
presence  entails  much  greater  losses  than  in  non-magnetic 
i   and   high-conductivity  material. 

I       Mr.  E.  W.  Dickinson  :     I    have     read    the    paper 
I   with  care  but  have  had  some  little  difficulty  in  under- 
standing exactly  what  the  author  sets  out  to   prove. 
I  take  it  that  the  paper  is  intended  to  bring  us  to  the 
conclusion   that  the   water-cooling  of  turbo-generators 
will  overcome  all  our  difficulties,  or   ought  in  time  to 
do  so.     If  that  is  what  the  author  means,  I  am  afraid 
I   can    hardly  agree  with   him,   and    from  what   I  can 
judge  of  the   suggestions  put   forward,   I  am   inclined 
to   agree   with  the   last  speaker  that   it  will   be  some 
little    time    before    a    water-cooled    turbo-generator    is 
made  capable  of  running  continuously  without  break- 
down or  serious  disaster.     With  regard  to  the  breakdowns 
experienced  with  present  generators,  I  can  endorse  fully 
what  the  author  has  said  as  to  their  actual  occurrence. 
He  suggests  the  use  of  solid  metal  tape  instead  of  binding 
wire  for  enclosing  the  end  turns  on  high-speed  rotors. 
I  am  inclined  to  think  that  the  disadvantages  of  steel 
tape  will  be  found  to  be  as  great  as  those  of  binding  wire. 
I  think  experience  has  shown  the  advisability  of  using 
solid  end-rings  for  enclosing  rotor  end-windings ;  because, 
should  a  short-circuit  occur  on  the  end  turns,  the  separa- 
tion and  breaking  away  of  the  binding  wire,  with  the 
consequent  danger  of  wiping  out  the  stator  end-turns, 
is  not  then  present.     The  author  also  mentions  coupling 
troubles.     My    experience    in    that    connection    is    that 
solid  couplings  have  proved  much  better  than  flexible 
couphngs  on  impulse-type  turbo-generators  with  short 
stiff  shafts.     The  author  also  mentions  loose  core  plates. 
Many   instances   have   been   noted    in   this   connection 
both  in  the  middle  and  at  the  end  of  the  stator  cores. 
I  think  these  difficulties  will  be  overcome,  as  in  most 
other  cases  of  failure  the  author  mentions,  by  careful 
inspection     and     workmanship     during      manufacture, 
whether   the   design   be   for   air-cooled  or  water-cooled 
generators.     This  difficulty  of  workmanship  is  one  of 
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the  greatest  troubles  we  are  up  against  at  the  present 
time    in    this    country.     Craftsmansliip    has    suffered 
severely  during  the  war,  and  we  are  beginning  to  feel 
the  result  now  that  the  war  is  over.     I  cannot  therefore    ! 
agree  that  the  inference  which  the  author  draws,  that 
difficulties  in  connection  with  defects  and  breakdowns 
experienced   on   air-cooled   turbo-generators   cannot   be 
overcome  without   resort   to   water-cooling,   is   correct. 
In  any  case  I  should  not  wish,  as  an  operating  engineer, 
to  have  the  care  of  a  water-cooled  turbo-generator  such 
as  the  author  suggests,  without  the  insulated  windings 
being  in  some  way  entirely  covered  with  a  damp-  and 
water-resisting    material    like    lead — which    of    course 
would  not  do — or  some  material  to  prevent  any  escape 
of    water    permeating    the    insulation.      In    any    case 
the  water-cooling  units  should  be  set  so  far  away  from 
any  of  the  windings  that  a  short-circuit  between  phases, 
or  from  phase  to  earth,   could  not  reach  the  cooling 
vessel  and  allow  water  thereby  to  drench  the  stator. 
Mr.  G.  'W.  Partridge  :     The     author    appears      to 
have     been    very    unfortunate    in     his    use    of    these 
machines,  and  it  does  not  speak  very  well,  as  far  as  I 
can  see,  for  the  ingenuity  of  EngUsh  contractors  if  the 
sort  of  faults  to  which  he  refers  occur  in  present-daj' 
machines.     I  rather  think  that  most  of  the  faults  of 
design   have   been   taken   in   hand   and   considered   by 
English    contractors,    and    that    the     designs     of    the 
machines  have  been  considerably  modified  to  meet  them. 
With   reference   to  the  author's  remarks  on    page  126 
regarding  the  solid  rotor,  I  think  I  am  right  in  saying 
that  to-day  the  sohd  rotor  is  nearly  always  used  for  small 
machines   and   for   machines   running   at   3,000   r.p.m. 
up  to  about  12,000  kw.,  in  which  case  the  diameter  will 
be  about  33  inches  ;  but.  beyond  that  size,  contractors 
to-day  are  using  a  plated  construction  for  their  larger 
rotors   to  satisfy  the  requirements  for  safety,  so  that 
it  is  possible  to  get  inside  the  material  more  and  be 
absolutely  sure  what  is  going  on,   which  is  always  a 
difficulty  in  the  solid  rotor.     I  am  rather  surprised  to 
find  that  the  author  has  attacked  the  Parsons  flexible 
coupling.     He   mentions  that  it  has  been  done  away 
with   on   the   Continent.     I    have   seen   a   great   many 
contractors  on  the  Continent,  and  I  was  recently  talking 
this  matter  over  with  a  contractor  who  has  made  about 
5  million  h.p.  of  turbines  and  from  2  million  to  3  million 
h.p.  of  turbo-generators.     He  told  me  that  the  flexible 
couphng  was  one  of  the  best  things  that  Parsons  ever 
did  for  the  turbo-alternator.     It  is  quite  true  that  the 
Germans  such   as    the  A. E.G.  and    Siemens    have  dis- 
carded the  flexible  coupling,  but  this  has  been  to  save 
expense,  and  if  I  were  ordering  a  large  machine  I  should 
prefer    a    flexible    coupling.     Amongst    the    numerous 
faults  which  the  author  has  referred  to,  he  has  omitted 
to  mention  one  very  serious  trouble  which  has  exercised 
the   minds   of   contractors   a   great   deal,    namely,    the 
sustained  or  even  momentary  single-phase  short-circuit. 
The  efiect  of  such  a  short-circuit  is  to  burn  the   ends   of 
the  rotor   keys  and   wedges,   and   very   often   disturbs 
the    windings    themselves    and    the    end    connections 
of   the   machine,   expecially   if   they   are   not   properly 
bonded    together.     As    regards    the    reUability     of   the 
turbo-generator,  1  have  had  experience  of  between  30,000 
and  40,000  kw.  of  such  machines,  and  I  think  I  have 


got  the  most  severe  service  in  this  country ;  we 
often  have  short-circuits,  sometimes  as  many  as  20 
or  30  a  week.  Up  to  the  present,  however,  we  have 
been  very  free  from  the  faults  and  troubles  referred  to 
by  the  author.  I  am  rather  surprised  that  he  advocates 
steel-wire  clamping  at  the  end  of  the  rotor.  Apart 
from  the  difficulty  of  getting  even  tension  on  the  material, 
it  is  not  always  desirable  to  make  use  of  only  one  metal. 
With  regard  to  the  author's  design  of  water-cooled 
turbo-generator,  it  seems  to  me  that,  first,  this  would 
add  considerably  to  the  expense  of  the  machine,  and, 
secondly,  there  would  be  difficulty  due  to  blocking  up 
of  the  channels  by  deposits.  Some  of  the  ducts  are  very 
small  and  are  liable  to  become  choked.  I  have  had  trouble 
in  this  connection  with  large  transformers  and  we  have 
had  to  clean  the  cooling  coils  by  means  of  hydrochloric 
acid.  In  the  third  place,  there  is  the  difficulty  of  keeping 
the  joints  watertight.  Some  of  these  coils  in  certain 
positions  of  the  machine  after  a  few  short-circuits,  or 
stray  field  effect,  would  become  loose  and  would  rattle. 
In  the  fourth  place  there  is  the  trouble  of  condensation. 
I  am  of  opinion  that,  if  the  machine  were  not  kept  on 
constant  load,  condensation  could  never  be  entirely 
prevented.  The  water  ducts  also  take  up  valuable 
space,  and  it  is  difficult  to  avoid  large  masses  of  magnetic 
metal  in  places  where  they  are  least  desirable. 

Mr.  A.  M.  Taylor  :  I  assume  it  is  agreed  to  be 
vital  and  of  increasing  importance  that  alternators 
should  be  absolutely  reliable  under  all  conditions.  The 
alternator  makers  are,  of  course,  bound  in  their  own 
interests  to  defend  themselves  against  any  charge  of 
unreliability,  and  they  would  probably  be  content  if 
it  could  be  shown  that  only  one  alternator  in  five 
broke  down  within,  say,  three  years  of  purchase.  I 
know,  however,  of  at  least  one  case  w4iere,  with  the 
very  best  modem  alternators,  even  half  this  reliabiUty 
was  not  attamed.  I  submit  that  if  locomotives  on 
main-hne  railways  had  only  this  degree  of  reUabiUty 
nobody  would  care  to  travel.  I  presume  that  in  that 
case  the  figure  of  rehabihty  is  somethuig  like  100  times 
as  great.  Assuming  reliabiUty  to  be  so  vital,  I  venture 
to  suggest  that  since  we  are  to  have  in  the  near  future 
stations  generating  at  30,000  to  60,000  volts,  which 
will  necessitate  step-up  transformers,  it  is  a  question 
w-hether  the  transformers  could  not  be  efficiently  used 
to  improve  the  reliability  of  the  generators.  Suppose, 
for  example,  that  instead  of  earthing  one  end  of  each 
generator  cod  the  coil  were  insulated  at  both  ends 
and  the  two  ends  taken  out  to  a  corresponding  coil 
on  the  primary  of  the  transformer,  and  that  the  mid- 
point of  this  coil  were  earthed,  we  should  then  at  once 
halve  the  potential  stresses  between  any  part  of  the 
generator  winding  and  earth.  The  arrangement  would 
really  be  the  equivalent  of  six  phases  on  the  generator, 
though  there  would  be  only  three  coils  as  at  present. 
Suppose,  further,  that  a  second  set  of  three  coils  of 
intermediate  phase  were  added  to  the  generator,  then 
for  the  same  kilowatts  the  voltage  of  all  six  coils 
could  be  again  halved,  thus  reducing  to  one-quarter 
the  stresses  to  earth.  The  second  three  coils  would 
be  connected  to  a  second  lot  of  primaries  on  a 
second  transformer ;  and  in  order  to  rectify  for 
the     phase     displacement,     the     second     transformer 
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would  have  its  high-tension  side  connected  in 
delta,  while  that  of  the  first  transformer  would  be  in 
star,  both  being  coupled  to  the  same  busbars.  Besides 
reducing  to  one-fourth  the  stress  to  earth  on  the  genera- 
tor winding,  the  arrangement  would  have  the  decided 
advantage  of  reducing  the  tendency  of  the  sound  coils 
on  the  generator  to  send  current  into  the  faulty  coils, 
for,  in  the  case  of  coils  that  are  feeding  into  different 
transformers,  theie  are  two  primary  and  two  secondary 
reactances  in  series.  I  believe  that  when  the  great 
advantages  of  multiphase  transmission  are  appreciated 
tills  (multiphase)  form  of  transmission  will  be  adopted 
for  all  long-distance  work,  and  in  such  a  case  the  six- 
phase  double-star  generator  winding  mentioned  above 
could  be  connected  direct  to  the  cable  or  line,  this  at 
once  giving  70  per  cent  better  regulation  on  the  cable 
system  and  58  per  cent  of  the  line  losses  ;  or,  conversely, 
greater  distances  could  be  covered  for  the  same  amount 
of  copper.  In  cases  where  three  existing  cables  run  to  an 
existing  substation,  approximately  70  per  cent  more 
power  could  be  supplied  through  those  cables  by  running 
them  as  a  six-phase  system.  At  the  substation  end 
an  ordinary  three-phase  transformer  could  be  used 
to  give  a  three-phase  supply.  The  special  generator 
can  be  dispensed  with  if  a  transformer  be  introduced 
between  the  busbars  and  the  line.  A  12-phase  long- 
distance transmission  line  could  be  carried  out  with  two 
six-phase  cables,  and  would  reduce  the  line  losses  to 
29  per  cent  of  that  of  the  three-phase  system  and  improve 
the  regulation  340  per  cent  ;  or,  conversely,  the  distance 
of  transmission  could  be  extended  3  J  times  for  equal 
copper  investment. 

Mr.  W.  McClelland  :  I  am  particularly  interested 
in  the  application  of  large  turbo-generators  for  electric 
propulsion,  and  it  seems  to  me  that  the  author  has  not 
at  all  exaggerated  the  difficulties  in  connection  with 
electric  machinery  for  ships.  We  have  heard  from 
time  to  time  that  America  has  led  the  way  in  the  matter 
of  electric  propulsion  for  naval  ships.  The  conditions 
there  in  my  opinion  are  different  from  those  in  this 
country.  The  coast  line  in  America  is  many  thousands 
of  miles  in  length,  whereas  we  have  only  a  few  hundred 
mdes  of  coast  line  to  patrol  at  cruising  speeds  in  peace 
time,  and  the  economies  gained  at  cruising  speed  with 
electric  propulsion  are  great.  At  the  present  time, 
so  far  as  I  can  ascertain,  we  cannot  gain  any  economy 
with  electric  propulsion  at  maximum  speed  of  the  ship. 
I  believe  it  to  be  the  fact  that  America  has  sacrificed 
a  little  at  maximum  speed  in  order  to  gain  the  economy 
at  cruisHig  speeds.  For  large  naval  ships  very  high 
powers  are  required,  and  to  obtain  maximum  speed  we 
must  have  plant  of  the  highest  possible  efficiency. 
These  very  high  powers,  as  the  author  tells  us,  mean 
very  large  air  trunks  if  tliis  method  of  cooling  be  adopted. 
Taking  the  case  of  the  battle  cruiser  to  which  the  author 
refers  and  which  develops  about  180,000  h.p.,  the  air 
trunks  for  circulating  air  to  the  motors  alone  would 
have  an  area  of  something  like  275  sq.  ft.  or,  if  taken 
as  a  circular  trunk,  about  19  ft.  diameter.  In  addition 
to  that,  a  slightly  larger  quantity  of  air  has  to  be  taken 
to  the  generators ;  but,  the  generators  being  fitted 
approximately  amidships,  the  problem  is  not  difficult. 
In  order  to  gain  economy  with  reduced  length  of  shafting 


the  main  motors  must  be  fitted  as  near  to  the  propellers 
as  possible  ;  they  must  therefore  be  placed  right  aft. 
To  run  vertically  in  the  after  part  of  a  ship  an  air  trunk 
of  275  sq.  ft.  area,  or  the  equivalent,  would  be  impossible  ; 
it  would  foul  the  aft  turrets  ;  and  if  air  trunks  equivalent 
to  that  area  were  run  horizontally  it  would  tend  to 
affect  seriously  the  watertight  sub-division  of  the  ship. 
For  this  reason  I  am  pleased  that  the  author  has  raised 
the  question  of  air  circulation  and  water  circulation. 
I  do  not  know  whether  or  not  the  author  will  justify  his 
proposals  with  regard  to  his  water-cooling  system, 
but  he  certainly  attempts  to  tackle  the  cooling  difficulties 
of  turbo-genrrators  in  connection  with  ship  work  at  the 
source,  and  on  this  account  I  shall  be  very  interested  to 
hear  further  remarks  from  expert  designers  and  manu- 
facturers of  large  turbo-generator  and  motor  plant. 

Professor  S.  P.  Smith  :  There  is  one  point  of 
view  which  the  author  of  the  paper  does  not  seem  to 
have  taken  sufficiently  into  account  in  the  first  part 
of  the  paper,  where  he  deals  with  the  troubles  that 
operating  engineers  have  experienced,  but  it  is  a  very 
important  one.  We  must  not  forget  the  way  in  which 
many  machines  are  bought  and  sold  in  this  country. 
I  refer  to  those  cases  where  the  buyer  does  not  go  for 
the  best,  but  for  the  cheapest  machine.  One  cannot 
have  too  much  sympathy  for  those  who  buy  merely 
for  cheapness.  If  they  get  trouble  they  have  to  pay 
to  get  out  of  it ;  and  it  may  cost  them,  before  they 
finish,  more  than  they  would  have  paid  if  they  had 
bought  one  of  the  best  machines.  Obviously,  if  we 
demand  that  a  machine  which  is  admittedly  difficult 
both  to  design  and  to  build  be  given  a  factor  of  safety 
lower  than  that  in  other  classes  of  machinery,  we 
must  expect  trouble.  Add  now  to  this  evil  of  cutting 
prices  the  fact  that  the  machine  is  continuously  worked 
at  its  utmost  capacity  through  lack  of  spare  plant,  and 
one  is  less  surprised  than  ever  that  troubles  arise. 
But  to  my  mind  there  is  not  very  much  argument 
in  the  first  part  of  the  paper.  The  fact  is  that  there 
are  many  very  good  turbo-generators  of  large  output 
which  have  been  working  for  years  without  giving  any 
trouble  at  all.  Further,  many  of  the  troubles  mentioned 
are  almost  out  of  date,  and  although  there  may  be 
machines  which  give  trouble,  most  manufacturers 
have  learned  the  remedy  long  ago.  For  instance, 
the  author  deals  with  slack  cores.  True,  there  may  be 
makers  who  do  not  trouble  much  about  core  building, 
but  surely  we  ought  not  to  be  told  in  the  year  1920 
how  to  build  cores.  If  proper  care  be  taken  to  punch 
the  plates  properly,  to  remove  all  burrs  and  to  fit  and 
secure  the  keys,  we  can  make  a  very  solid  construction 
where  the  losses  will  be  very  low  indeed  and  no  trouble 
with  teeth,  etc.,  will  be  experienced.  I  merely  give 
that  as  an  instance  of  a  lot  of  the  criticism  which  I 
find  in  the  first  part  of  the  paper.  With  regard  to  the 
method  of  cooling,  one  must  not  be  misled  by  the  fact 
that  water  cools  so  much  better  than  air.  Granted 
that  water  is  a  much  better  cooling  medium,  yet  it 
must  be  borne  in  mind  that  the  temperature  of  a  winding 
does  not  depend  entirely  on  the  cooling  medium ; 
it  depends  largely  on  the  insulation,  as  the  author  has 
appreciated  in  his  paper.  Thus,  while  the  iron  of  the 
rotor  or  the  stator  may  be  very  cool  indeed,  the  winding 
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may  be  quite  hot,  simply  because  the  heat  cannot 
flow  through  the  thick  mica  insulation  without  a  con- 
siderable temperature  gradient.  Therefore  we  cannot 
always  get  a  machine  to  be  as  cool  as  we  should  like  it 
to  be.  There  is  no  time  to  go  fuUy  into  the  water- 
cooling  proposal.  It  needs  very  critical  examination. 
There  may  be  good  points  about  it,  but  I  do  not  think 
it  would  be  a  success  as  proposed.  The  remark  I  should 
like  to  make  in  conclusion  is  this  :  we  must  remember 
that  we  can  buUd  good  machines.  Good  machines  have 
been  built  in  the  past  and  no  doubt  will  be  built  in  the 
future  ;  but  we  must  remember  that  there  will  always 
be  the  necessity  of  having  a  sufficient  margin  of  safety  ; 
particularly  in  large  machines,  where  we  do  not  know 
entirely  the  conditions  inside  the  machine,  we  must 
not  cut  matters  too  fine— soundness  is  more  important 
than  cheapness. 

Mr.  F.  H.  Clough  :  In  the  early  part  of  the  paper 
the  author  describes  the  large  number  of  faults  in  design 
of  turbo-alternators  which  have  led  to  failures  of  machines. 
Time  will  not  allow  me  to  comment  on  the  various  faults 
in  construction  which  he  describes,  but  I  think  I  may  say 
in  general  that  many  of  these  faults  are  much  out  of 
date  and,  further,  some  of  them  have  never  been 
committed  at  aU  by  the  leading  makers  of  this  type  of 
machinery  in  this  country.  He  next  suggests  improve- 
ments in  design  and  accentuates  the  necessity  of  keeping 


low  temperatures  so  as  to  avoid  destroying  the  insulation, 
and  of  very  securely  holding  the  stator  bars  in  place 
so  as  to  avoid  displacement  under  short-circuit.  I 
agree  with  the  necessity  of  avoiding  high  temperatures 
which  may  in  any  way  impair  the  reliabUity  of  the 
machine,  but  I  do  not  think  it  would  be  possible  to 
avoid  such  temperatures  if  heavy  solid  stators  bars 
are  used  such  as  he  suggests,  and  in  general  I  think 
it  is  preferable  to  reduce  the  forces  which  cause  distortion 
of  the  windings  rather  than  attempt  to  design  windings 
which  will  withstand  excessive  forces.  With  regard 
to  the  author's  suggestion  for  using  water  cooling  on 
stators,  I  am  afraid  that  the  design  which  he  describes 
would  not  be  a  feasible  one,  as  it  would  introduce 
difficulties  and  risks  which  do  not '  exist  at  present, 
and  the  reliability  would  be  poorer  than  that  of  machines 
which  we  now  have.  I  am  inclined  to  think  that  the 
modern  turbo-alternator  meets  present-day  operating 
conditions  much  better  than  the  author  leads  us  to 
believe,  and  the  failures  which  occur  are  not  nearly  so 
frequent  as  he  states.  Finally,  I  should  Uke  to  say 
that  I  think  this  paper  is  a  very  desirable  one,  as  it 
tends  to  open  an  interchange  of  views  between  the 
operating  and  designing  engineers,  and  such  a  discussion 
will  certainly  lead  to  progress  in  the  design  of  machines. 

[The  author's  reply  will  be  found  on  page  148.] 


South  Midland  Centre,  at  Birmingham,  28  January,  1920. 


Mr.  'W.  'Wilson  :  To  my  mind  the  author  has  shown 
the  advantages  of  liquid  cooling  the  most  thoroughly 
in  the  case  of  electrical  propulsion  for  marine  purposes. 
The  American  Navy  have  recently  been  conducting 
experiments  in  marine  propulsion,  which  have  culminated 
in  the  equipping  of  their  latest  battleships  in  this  way. 
It  would  be  interesting  to  know  whether  they  have 
adopted  liquid  cooling  in  these  cases  and,  if  so,  how 
they  have  solved  the  problem. 

Mr.  W.  M.  Cranston  :  The  author  proposes  to  dis- 
pense entireljf  with  the  present  system  of  air  cooling  and 
to  substitute  for  it  a  system  of  water  ducts.  If  we  take  j 
1 5  degrees  C.  as  the  approximate  difference  in  temperature 
required  between  the  iron  surface  and  the  air  in  the 
duct  and  assume  the  corresponding  difference  in  the 
case  of  water  cooling  to  be  negligible,  we  can  pennit 
au  additional  internal  temperature  rise  of  15  degrees  C. 
Taking  50  degrees  C.  to  be  the  present  temperature 
rise  from  all  sources,  we  can  thus  allow  40  per  cent 
greater  loss  provided  other  factors  remain  constant. 
Unfortunately  this  is  not  so,  since  we  rely  on  the  cooling 
from  the  air-gap  surfaces  of  both  stator  and  rotor  as 
a  valuable  heat  path.  The  efficiency  of  this  path 
depends  entirely  upon  the  rate  of  change  of  the  air  in  the 
gap,  and  in  the  author's  ideal  machine  this  heat  path 
would  disappear.  The  importance  of  this  will  be  evident 
when  I  say  that  in  a  machine  having  a  stator  loss  of 
200  kw.  something  Uke  60  k\v.  would  be  dissipated 
from  the  gap  surface  of  the  stator  and  a  similar  amount 
from  the  rotor.  In  the  absence  of  air  ventilation  the 
whole  of  that  heat  would  have  to  be  conducted  across 
the  stampings  at  the  point  of  highest  loss  and  I  am  afraid 


this  would  practically  absorb  the  whole  of  the  15  degrees 
C.  gained.  \Vhatever  may  be  the  future  of  water 
cooling  as  an  auxiliarJ^  I  think  the  main  cooUng  medium 
wiU  continue  to  be  air.  It  may  be  that  we  shall  use 
a  closed  circuit  with  some  form  of  cooling  device.  Then 
we  shall  have  absolute  cleanliness  and  it  will  be  possible 
to  remove  the  oxygen  from  the  air  before  admitting 
the  latter  to  the  machine,  thus  eliminating  the  fire 
risk  of  which  the  author  makes  so  much.  A  gas  has 
the  great  advantage  over  a  liquid,  that  the  heat  in  it 
can  be  extracted  mechanicall}'  even  though  the  gas  is 
at  a  lower  temperature  than  its  surroundings.  This 
opens  up  great  possibilities  of  using  the  turbo  losses  to 
some  advantage. 

Mr.  R.  G.  Jakeman  :  I  think  the  author  has  been 
rather  unfair  in  regard  to  the  present  designs  of  turbo- 
alternators.  It  would  be  very  instructive  if  another 
appendLx  could  be  added  to  the  paper  giving  the  number 
of  breakdowns  of  this  class  of  machinery  for  the  past 
five  or  six  years,  together  with  the  total  number  of 
machines  in  operation.  In  his  calculations  for  liquid 
cooling,  the  author  appears  to  have  assumed  that  all 
the  channels  provided  are  completely  filled  with  the 
liquid.  Referring  to  the  narrow  slot  shown  in  Fig.  8  (/). 
it  seems  quite  likely,  however,  that  the  centrifugal 
force  would  cause  the  liquid  to  be  flung  outwards, 
leaving  a  vacuum  at  the  bottom  of  the  slot.  This 
would  reduce  the  surface  of  Uquid  available  for  cooling, 
and,  although  the  velocity  would  be  increased,  the 
advantage  of  this  particular  shape  of  duct  would  be 
considerably  less  than  might  be  expected. 

Mr.  F.  Forrest  :     The    present   method  of  cooling 
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large  turbo-alternators  bj'  blowing  through  them  large 
volumes  of  air  cannot  be  regarded  as  satisfactory, 
especially  when  one  bears  in  mind  that  the  cooling  air 
may  be  saturated  with  moisture  and  may  carrv,  as  it 
usually  does,  a  considerable  amount  of  dirt.  I  believe 
future  development  will  tend  towards  some  system  of 
liquid  cooling  which  will  be  much  more  effective  than 
the  present  crude  method  and  free  from  its  obvious 
defects.  There  are  grave  risks  in  adopting  water 
cooling  for  the  stator  of  a  high-voltage  alternator, 
and  I  do  not  believe  that  this  will  ever  become  standard 
practice.  Forced  oil  cooling  for  both  stator  and  rotor 
would  be  a  satisfactor}'  solution  of  the  difficnlty, 
although  the  volume  of  the  cooling  ducts  for  the  oil, 
compared  with  those  necessary  for  water  cooling, 
would  be  about  2^  times  as  large.  The  specific  heat  of 
transformer  oil  is  about  0-55,  whilst  its  specific  gravity 
is  about  085.  The  oil  can  be  circulated  by  means  of 
a  pump  driven  from  the  turbine  shaft  (in  the  same  way 
as  the  lubricating  oil  is  now  delivered),  and  after  passing 
through  tlie  machine  could  be  cooled  in  a  separate 
cooler.  The  cooling  of  the  turbo-generator  would  then 
be  done  in  a  similar  manner  to  the  latest  method  of 
cooling  large  transformers,  in  which  the  oil  is  forced 
through  the  windings  by  means  of  a  pump  and  the 
hot  oil  cooled  in  an  external  cooler. 

Mr.  R.  Orsettich  :  A  paper  discussing  the  failures 
of  turbo-generators  is  bound  to  be  to  some  extent 
historical,  and,  considering  the  rapid  and  continuous 
development  of  this  type  of  machinery,  a  number  of 
the  points  discussed  are  likely  to  be  somewhat  out  of 
date,  so  that  not  all  the  improvements  suggested  in 
the  paper  are  necessarily  new  or  acceptable.  This  is 
particulariy  the  case,  as  imder  present  conditions  a 
long  period,  sometimes  two  or  three  years,  elapses 
between  the  moment  when  the  plant  is  ordered  and 
the  time  when  it  is  taken  into  beneficial  use.  The 
author  has  some  doubt  as  to  the  advisability  of  running 
turbo  rotors  at  high  speeds,  owing  to  the  high  stresses 
which  take  place  in  the  various  parts.  Whilst  this  is 
no  doubt  the  case,  it  must  be  pointed  out  that  the 
example  selected,  viz.  a  36-m.  diameter  rotor  running 
at  3,000  r.p.m  ,  is  at  the  present  moment  the  extreme 
case,  as  it  corresponds  to  an  output  of  something  like 
15,000  kw.,  and  to  my  knowledge  no  machine  of  this 
size  has  yet  been  built  in  this  country.  On  the  other 
hand,  the  progress  of  the  steel  makers  has  been  such 
that  that  industry  has  no  difficulty  in  supplying  materials 
which  amply  fulfil  the  requirements  of  the  electrical 
manufacturers,  so  that  one  can  easily  guarantee  at 
overspeed  a  factor  of  safety  of  not  less  than  3  between 
the  running  stresses  and  the  elastic  limit  of  the  material. 
The  troubles  mentioned  in  connection  with  the  stampings 
of  the  stator  are  acknowledged  bj'  manufacturers  to 
have  taken  place  in  connection  with  generators  with 
split  stators,  and  although  such  split  stators  are  made 
and  can  be  made  to-day,  the  common  opinion  is  that 
they  should  be  avoided  whenever  possible,  and  that  it 
is  preferable  to  build  and  wind  the  complete  machine 
on  site  rather  then  employ  a  split  stator.  The  failure 
of  the  keys  is  due  to  defective  workmanship  rather 
than  design,  and  no  doubt  is  to-day  not  recurring. 
Similarly,   inaccurate   punchings  are  not  found  in   any 


up-to-date    manufacture,    especially     in    view    of    the 
efforts  of  the  designers  to  reduce  the  already  far  from 
light    iron    losses    of    this    type    of    machine.       Paper 
insulation  is  not  used  on  these  machines  by  the  majority 
of  makers,  as  paper  is  well  known  to  be  unable  to  stand 
high    temperatures    without    charring,    and    because    it 
can  easily  be  replaced  by  the  use  of  either  enamels  or 
mineral  insulators.     Mica  an<3  micanite  are  to-day  the 
only  satisfactory  insulating  materials  available  for  the 
windings,  and  are  the  only  materials  which  can  stand 
high  temperatures  without  burning  or  becoming  spoilt. 
The  author's  objections  to  paper  are  well  founded,  but 
this  disadvantage  can  be  greatly  reduced  by  specifying 
the  percentage  of  paper  in  the  micanite  to  be  not  more 
than  15  or  20  per  cent.     With  large  outputs  windings 
made  with  stiff  bars  are  not  advisable  on  account  of  the 
very   heavy   eddy-current    losses.     A    large   section   of 
solid  copper  is  in  the  end  extremely  wasteful,   as  the 
central  portion  cannot  be  loaded  up  equally  with  the 
remaining,   so  that  solid   bars  imply  indirectly   a  bad 
space  factor,  and  therefore  a  wasteful  and  poor  machine. 
If  possible,   manufacturers  would   much   prefer  to  use 
solid  bars,  as  they  are  fully  aware  of  the  advantages  of 
solid  conductors.    Soldered  connections  for  portions  of  the 
winding  which  are  covered  up  should  be  strongly  objected 
to,  although  the  author  mentions  that  they  are  generally 
adopted      There  is  always  a  danger  that  the  enclosed 
portion  of  a  coil  may  reach  a  high  temperature,  which 
would  cause  the  solder  to  run  and  bring  about  a  short- 
circuit  between  adjacent  turns.     For  this  reason  only 
brazed  joints  are  used  for  enclosed  windings,  both  for 
the   stator   and   for   the   rotor.     The   author   mentions 
the   use   of   coil   supports   for  the   rotor,    consisting   of 
metal  packings  between  the  loops.     The  latest  practice 
in  rotor  construction  does  not  require  any  supporting 
of  the  loops,  as  it  is  found  that  with  well-shaped  coils 
there  is  no  tendency  for  the  turns  to  slide  over  one 
another  and  bring  about  the  collapse  of  the  coil  under 
the    influence    of    centrifugal    force.     Furthermore,    in 
the   construction   of   the   rotor  only   fireproof   material 
is  now  employed,  such  as  pure  mica  between  the  turns, 
asbestos  or  bakelite  blocks  to  support  the  mica  tubes, 
and  micanite  to  insulate  the  coils  from  the  caps.     The 
author   mentions   permanent   connections   between   the 
cables  and  the  stator  winding  ;     against  this  it  should 
be  pointed  out  that  most  specifications  definitely  ask 
for  terminals,  and  that  there  is  no  difficulty  in  supplying 
a  safe  type  of  terminal  in  which   the  connections   are 
made  by  means  of  mechanical   clamping  of  the  cable 
ends  with  the  winding  ends,   without  any  intervening 
insulating    material      In    large    machines   it   is    always 
advisable    to    carry   these    mechanical    clamps    on   two 
insulators  each,  to  avoid  any  danger  from  the  failure 
of  one  of  the  insulators.     With  reference  to  the  question 
of   dampers,    present   practice   is   always   to   install   at 
least  one  damper  in  the  duct  of  the  incoming  air,  and 
it  is  also  advisable  to  install  another  one  at  the  outlet. 
Apart  from  the  necessity  of  operating  these  dampers 
in  case  of  an  accident,  which  may  cause  fire,  either  in 
the  filter  or  in  the  machine,  such  dampers  are  necessary 
to  shut  off  the  air  when  the  generators  are  standing 
during   week-ends  and  when   a  large  accumulation   of 
damp  could  take  place.     It  is  also  strongly  advisable 
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to  keep  the  dampers  shut  on  starting  up  until  the 
generator  becomes  thoroughly  warm,  especially  during 
foggy  weather  and  when  the  temperature  of  the  incoming 
air  is  likely  to  be  higher  than  that  of  the  machine  at 
rest.  The  author  mentions  the  large  number  of  turbo 
breakdowns  in  French  stations.  In  my  opinion  these 
are  due  not  so  much  to  any  inherent  fault  of  the  windings 
themselves,  as  to  the  fact  that  in  France  a  large  number 
of  generators  are  installed  for  pressures  between  11,000 
and  15,000  volts.  These  voltages  are  in  themselves 
far  too  high  for  practical  working  on  any  machine, 
and  particularly  on  turbo-generators,  where  the  re- 
stricted space  and  the  clamping  necessary  for  the  coils 
increase  the  probabilities  of  damage  due  to  the  brush 
discharge  which  takes  place  when  the  machine  is  at 
work.  Whilst  no  doubt  such  machines  can  be  made, 
their  installation  is  a  doubtful  commercial  proposition. 
With  regard  to  the  author's  proposals  regarding 
generators  fitted  with  liquid  cooling,  I  have  no  doubt 
that  sooner  or  later  such  a  plan  will  have  to  be  adopted 
if  the  outputs  of  generators  are  still  to  be  increased. 
There  are  two  remarks,  however,  which  I  should  like 
to  make  in  connection  with  the  designs  put  forward. 
The  first  is  that  I  do  not  think  it  advisable  to  use 
long  bolts  passing  right  through  the  stator  stampings, 
even  if  such  bolts  are  made  of  non-magnetic  material, 
because  they  would  heat  up  in  any  case  to  such  an 
extent  that  they  would  not  be  of  much  use  as  tie  rods. 
The  second  is  that  in  a  stator  or  rotor  winding  which 
is  clamped  on  both  sides  as  shown,  there  would  be  less 
flexibility  and  more  tendency  to  distortion  under  the 
expansion  due  to  heating  than  in  the  average  type  of 
machine  as  made  to-day. 

Mr.  H.  'W.  Taylor  :    The  discussion  on  this  paper 
will,  I  think,  tend  to  a  better  mutual  appreciation  of 
the    difficulties    manufacturers    and    users    separately 
experience,    either   m   making   or   in   operating   turbo- 
alternator  plant.     That  their  points  of  view  are  different 
will  be  appreciated  by  recalling  that  the  author  in  various 
parts  of  the  paper  seems  to  suggest  that  improvements, 
for  instance  in  cooling  the  machme,  enable  a  rotor  of 
smaller    diameter    and,    therefore,    also    with    smaller 
centrifugal  stresses,  to  be  built.     The  designer's  point 
of  view  is  that  any  improvement  in  the  physical  pro- 
perties of  the  materials  he  deals  with,  or  any  improve- 
ment in  the  system  of  constructing  the  machine,  helps 
to   use  the  material  to  better  advantage  than   before 
aud  so  obtain  a  larger  output  irom  the  same  size  of 
machine.     The  author's  reference  to  centrifugal  stresses 
on  page    126  also  calls   for  comment.     The  designer's 
point  of  view  is  that  centrifugal  stresses  are  proportional 
not  necessarily  to  the  speed  in  revolutions,  but  to  the 
peripheral  speed,   and  that  the  difficulty  in  designing 
3,ooo-r.p.rn.  machines  is  that  with  the  same  peripheral 
speed  a  smaller  diameter  results  at  the  higher  speed  of 
revolution,    and   that   from   geometrical   considerations 
a  less   quantity   of   copper,   or  in  other   words   a   less 
armature-reaction  loading,  can  be  used  per  unit  length 
of   periphery.     In   the   first   portion   of   the   paper   the    ' 
author    cites    a    number    of    mechanical    and    electrical    : 
defects   which   may   occur   in   turbo-alternators,   but    I 
think    the   fact  that  these   possible   defects  are  known 
should  enhance  rather  than  detract  from  the  present 


general   scheme   of   construction,    for   the   reason    that 
these   defects   should   not   recur   if   the   whole   of   past 
experience   in   manufacture   and   design   is   brought  ^to 
bear  upon  current  work.     The  recurrence  of  the  same 
defects  in  the  same  make  of  machine  is  often  due  to 
lack    of     organization    in    the    factories    which    have 
constructed   them.     In  some  places  the  electrical   and 
mechanical  designs   are   relegated    to    separate  depart- 
ments,   and    these    again     are    sharply    divided    from 
the  works  organization  where  the  machines  are  actually 
constructed.     I  think  also  it  is  a  mistake  to  have  the 
turbo-alternators  built  in  the  same  factory  or  section 
of   the    factory,    and    the   work   on   them   directed    by 
the    same    people    who    are    associated    with    smaller 
machines.     With    smaller    machines    the    question    of 
cheapness  and  quickness  of  production  is  paramount, 
while   with   large    machines   such    as   turbo-alternators 
such    considerations    are    fatal    to    the    quality    of    the 
resulting  product.     On  page   129  the  author  describes 
a   method    of   constructing   and    connecting   laminated 
bars  which  one  would  gather  is  new.      His  description, 
however,  covers  a  method  of  dealing  with  eddy  currents 
in    stator   windings    which    was    first   adopted    by    the 
British  Thomson-Houston  Company  over  8  years  ago. 
The    patent    describing    this    method    in    the    original 
instance   is   not    mentioned*    in    the  Appendix  ;     it  is 
1 09 1 9  13.     With    reference    to    the   question    of   short- 
circuits,  it  has  often  been  thought  necessary  to  have 
the  stator  end  windings  very  securely  held  in  place  by 
massive    clamps..    There    are    two    methods    by    which 
short-circuit  difficulties  may  be  overcome.     The  first  is, 
as  already  mentioned,  by  severely  clamping  the  windings 
so    as    to    prevent    any    movement    when    the    stresses 
occur,  and  the  second  is  so  to  design  the  windings  that 
heavy  stresses  do  not  come  into  existence,  even  under 
the  most  severe   short-circuit.     The  form  of  two-layer 
basket  winding,   which   has   been   in   exclusive   use  on 
turbo-alternators     built     by     the     British     Thomson- 
Houston  Company,  is  constructed  on  the  second  prin- 
ciple.    An  outer  insulated  ring  supports  the  coils,  but 
no    clamps   are    required    to   retain    them    in    position 
under  stress  of  service.     The  latter  part  of  the  paper 
is   devoted  to   some  suggestions   for   cooling    machines 
by   circulating   liquids.      The   suggestion  to  use  water 
as  a   cooling   medium   is   of    course    not    new,    and    I 
believe  that,    in    future,    rotors  will  be   partly  cooled, 
not,    however,    by    water    but    by    oil,    a    portion    of 
which    will    be    deflected    from    the    main    lubricating 
system    and    if    necessary    cooled    to    a    rather    lower 
temperature   than    is   necessary  for   lubrication.      Also 
I  beUeve  that  the  stator  will  be  relieved  of   a  certain 
amount  of  its  heat  by  the  same  medium.     With  regard, 
however,  to  the  novel  portions  of  the  author's  suggestions 
as  indicated  in   Figs.  8  (/),  10  and  11,  1   do  not  tfiink 
they  win   appeal  to   designing   engineers,   at  any   rate 
in    their    present    form.     There    are    two    methods    of 
attacking   the   problem   of   designing   a   cool   machine. 
One   is   to   improve   the   cooling   arrangements   as   the 
author  proposes,  and  the  other  is  to  design  the  machine 
so  that  it  will  generate  less  heat.     In  my  opinion  the 
first  method  should  be  accommodated  to  the  second, 
and  not  the  second  to   the  first,   or,   in  other  words, 

•  Since  added. 
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the  methods  shown  in  Figs.  8  (fc),  (c),  [e)  and  (/)  are  bad 
because  the  cooling  arrangements  occupy  space  which 
might  be  more  usefully  occupied  by  magnetically  or 
electrically  active  materials.  In  fact,  1  think  it  is 
axiomatic  that  only  such  materials,  apart  from  the 
necessary  amount  of  insulation  on  the  rotor  coils, 
should  be  used  in  the  active  belt.  With  regard  to 
Figs.  lo  and  ii,  Fig.  A  herewith  is  of  interest  in  showing 
that  the  amount  of  copper  recjuired  to  give  modem 
outputs  is  about  4  times  that  indicated  by  the  author, 
and  he  must  therefore  reconsider  the  arrangement 
of  his  end  windings  and  proposals  for  cooling  them, 
to  allow  for  this  fact.  Furthermore,  the  author  has 
anticipated  that  eddy  currents  will  be  introduced  in 
his  metal  clamps,  but  has,  I  think,  erroneously  supposed 
that  by  using  material  with  a  high  specific  resistance 


Fig.  a. — Punchings  used  by  the  British  Thomson-Houston 
Company  in  1908  and  1919  for  the  same  stator-face 
diameter,  showing  the  growth  in  width  of  the  active  belt. 


the  losses  will  be  reduced.  As  a  matter  of  fact  they  will 
probably  be  increased  with  increased  specific  resistance, 
as  the  mutual  currents  in  the  metal  clamps  will  be 
very  much  like  the  secondary  currents  in  a  current 
transformer,  which,  as  is  well  known,  are  constant 
over  a  large  range  of  resistance. 

Dr.  M.  Kahn  :  To  use  liquids  as  the  cooling  medium 
for  turbo-alternators,  as  advocated  by  the  author, 
appears  to  offer  a  number  of  advantages.  It  is,  however 
doubtful  whether  a  water-cooled  generator  would  run 
substantially  cooler  than  an  air-cooled  machine.  The 
cooling  water  entering  the  machine  must  not  be  colder 
than  the  temperature  of  the  air  in  the  engine  room 
in  order  to  avoid  condensation  of  the  moisture  of  the 
air,  when  coming  in  contact  with  the  cooling-water 
ducts  of  the  generator.  The  temperature  rise  of  the 
windings  of  the  generator  above  the  initial  temperature 
of  the  cooUng  water  will  be  practically  the  same  as 


the  temperature  rise  of  air-cooled  machines,  as  the 
temperature  gradient  between  the  windings  in  the  slot 
and  the  cooled  surfaces  is  independent  of  the  cooling 
medium.  Average  values  of  this  gradient  are  40 
degrees  F.  between  conductors  and  core,  and  40 
degrees  F.  between  teeth  and  cooling  medium.  Allow- 
ing for  a  temperature  rise  of  the  cooling  water  of  15 
degrees  F.  as  mentioned  in  the  paper,  we  arrive 
at  a  total  temperature  rise  of  the  copper  in  the  slots 
of  large  turbo-alternators  of  95  degrees  F.  With  an 
engine-room  temperature  of  80  degrees  F.,  limiting  the 
temperature  of  the  cooling  water  to  this  figure,  the 
temperature  of  the  hottest  point  of  the  alternator  is 
175°  F.  In  large  turbo-alternators  mica  insulation  is 
now  generally  employed  as  the  insulation  of  the  windings 
in  the  slots,  and  the  temperature  just  mentioned 
is  well  below  the  temperature  of  250°  F.  which  is  given 
in  Fig.  7,  Curve  B,  for  20  years'  life  of  mica  insulation 
To  reduce  the  temperature  still  further  to  150°  F.  as 
advocated  in  the  paper  would  be  difficult  on  large 
turbo-alternators  whatever  cooling  medium  were  used, 
and  would  necessitate  a  considerable  increase  in  the 
dimensions  of  the  machines.  As  an  increase  in  the 
diameter  or  length  of  high-speed  machines  of  large 
outputs  tends  to  decrease  the  mechanical  safety  factors, 
the  machine  with  the  lower  temperature  rise  may  well 
be  less  reliable. 


Mr.  J.  Shepherd  (in  reply,  communicated)  :  As  the 
discussions  at  the  various  Centres  have  generally  run 
in  parallel  lines  it  ^vill  save  much  repetition  if  my 
reply  be  classified  under  salient  heads.  In  addition, 
specific  points  not  sufficiently  dealt  with  in  this  manner 
will  be  further  replied  to  when  considering  the  remarks 
of  individual  speakers. 

Reliability  of  present  designs. — Generally  the  various 
I  designers  consider  my  recital  of  breakdowns  to  be 
painted  too  darkly  and  that  modern  machines  at  any 
rate  are  not  subject  to  the  failures  stated.  In  hardly 
any  case  has  the  discussion  been  definite  and  the  speakers 
have  not  particularized  the  class  of  breakdown  which 
they  say  has  been  exaggerated.  The  inference  to  be 
drawn  is  that  the  necessity  for  any  change  in  design 
has  not  been  established.  With  the  sole  exception  of 
side  sUp  of  rotor  end  loops,  1  have  seen  or  had  experience 
of  all  the  breakdowns  noted.  They  have  not  all  taken 
place  in  the  same  station  or  with  the  same  maker's 
plant.  For  obvious  reasons  I  cannot  particularize  the 
stations  involved,  nor  the  makers  whose  plant  has  failed. 
Failures  are  more  or  less  common  to  all  countries  and 
all  manufacturers.  The  following  are  a  few  examples 
of  failures  dealt  with  by  various  authorities  : — 

British. — See  Mr.  Seaton's  remarks.  Journal  I.E.E., 
1916,  vol.  54,  p.  179. 

American. — See  "  Fire  Hazards  in  Turbo-alternators," 
Report  by  Technical  Officials  of  U.S.A.  Fire  Insurance 
Offices. 

German. — See  technical  Press  for  breakdowns  in 
electric  stations  on  the  Rand. 

Continental. — See  report  of  Committee  of  French  Users 
of  Turbo-alternators,  Electricat  Review,  18th  April,  1919. 

The  danger  of  side  slip  of  rotor  loops  was  dealt  with 


AND   SUGGESTIONS   FOR   IMPROVEMENTS:   DISCUSSION. 


149 


at  some  length  by  Dr.  S.  F.  Barclay,  Journal  I.E.E., 
191S,    vol.    56,    p.    472. 

Other  speakers  have  argued  that  wliilst  earlier 
macliines  may  have  given  some  trouble,  later  designs 
have  materially  improved.  This  statement  is  un- 
doubtedly true,  but  the  size  of  the  electrical  systems 
to  which  the  units  are  attached  has  increased  also, 
and  the  shocks,  stresses  and  risks  have  ver\'  much 
increased  likewise. 

Necessity  for  change  of  design. — As  single  generating 
units  increase  to  upwards  of  50,000  h.p.  it  is  not  always  j 
remembered  that  the  driving  torque  must  of  necessity 
be  transmitted  through  the  insulation  surrounding  the 
stator  conductors.  Further,  the  bars  must  be  very 
thorouglily  laminated  and,  in  effect,  the  component 
parts  are  held  together  by  the  insulation  surrounding 
them.  We  thus  have  a  mechanically  weak  stator 
bar  held  together  by  a  mechanically  weak  insulation  ' 
subjected  to  aU  the  driving  torque  of  the  steam 
turbine  and  to  the  highly  impulsive  stresses  on  short- 
circuits.  The  choice  of  insulating  material  is  very 
limited,  and  all  of  it  is  unsatisfactory  mechanicallj^ 
The  obvious  remedy,  viz.  to  use  more  insulation,  j 
is  not  feasible  owing  to  temperature  considerations. 
The  only  solution  hitherto  adopted  is  the  insertion 
of  inductance  and  the  more  frequent  use  of  supports 
or  clamps  on  the  stator  end-coils.  As  the  speeds  of 
machines  increase,  the  output  per  cubic  inch  of 
material  increases  and  the  loss  also,  requiring  more 
heat  to  be  dissipated  and  resulting  in  the  limiting 
capacity  of  air  ventilation  being  approached,  especially 
in  the  rotors.  We  thus  have  two  limiting  factors, 
mechanical  weaknesses  of  stator  bars  and  difficulty  of 
cooling  by  air ;  consequently  a  change  of  present  designs 
must  take  place  sooner  or  later.  By  adopting  Uquid 
cooling  the  continuous  winding  slot  becomes  possible  j 
of  consideration,  as  it  combines  the  maximum  of 
cooling  effect  and  the  minimum  of  stress  upon  the 
stator  wdnding  and  its  insulation.  Of  course  the  close 
proximity  of  water-cooling  devices  to  the  high- 
tension  windings  is  a  proposal  that  naturally  does  not 
appeal  to  one  unless  the  compensating  advantages 
are  considerable.  These  are :  (i)  Low  resistance  and 
numerous  heat  paths.  (2)  Continuous  winding  sup- 
ports of  a  mechanical  character.  {3)  Absence  of  air 
circulation  and  of  fire  risk.  The  disadvantages  are : 
(4)  Risk  of  water  leakage.  {5)  Risk  of  water  conden- 
sation. (6)  Insulation  difficulties.  (7)  Eddy-current 
loss  in  the  coil  supports.  The  advantages  described 
have  been  set  out  in  the  paper  and  need  not 
be  discussed  further.  The  anticipated  risk  of  water 
leakage  is  likely  to  remain  until  actual  construction 
shows  that  it  is  neghgiblc.  Condensation  difficulties  are 
discussed  in  the  paper ;  machines  have  been  running 
some  considerable  time  with  water-cooled  rotors,  the 
water  inlet  temperatures  being  65°  to  70°  F.,  without 
condensation  difficulties.  Insulation  difficulties  are  not 
serious  ;  it  will  be  necessary  to  insulate  the  end  turns 
as  stoutl^jj  as  the  straight  bar  within  the  stator  slot. 
Where  the  under  and  upper  bars  meet  and  are  connected 
together  specially  good  insulation  will  be  required,  with 
adequately  long  leakage  surfaces.  In  air-cooled  machines 
the  presence  of  dust  carried  into  the  stator  and  deposited 


upon  the  windings  necessitates  a  leakage  surface  of 
some  considerable  length.  With  water-cooled  machines 
the  case  is  different ;  little  or  no  dust  should  be  de- 
posited on  the  windings.  The  cooling  devices  provide 
the  means  of  using  other  kinds  of  covering.  After 
the  ordinary  mica  and  tape  insulation  has  been  wrapped 
on,  an  external  taping  of  vulcanizing  material  could 
be  cured  in  place  by  passing  low-pressure  steam  through 
the  coolers,  this  material  being  used  as  a  seal  and  not 
as  insulation.  Eddy-current  losses  are  negligible  so 
long  as  no  magnetic  material  is  employed  in  the 
construction  of   the  supports. 

Practicability  of  water  cooling. — Several  designers 
have  stated  that  the  designs  suggested  are  not  practi- 
cable, but  they  omit  to  say  in  what  particular  feature. 
It  will  therefore  be  necessary  to  review  briefly  each 
novel  feature  proposed. 

Rotor  coolers. — As  an  example  is  generally  better  than 
argument,  I  should  like  to  say  that  Messrs.  C.  A.  Parsons 
and  Co.  have  constructed  several  machines  the  rotors 
of  which  are  entirely  water  cooled.  The  machines  are 
of  considerable  size,  10,000  k.v.a.  at  2,400  r.p.m.,  the 
cooling  construction  closely  following  that  shovm  in 
British  Patent  No.  169S6/1914.  A  self-contained 
circulating  system  is  employed  with  a  temperature  rise 
of  cooling  water  of  15  to  20  degrees  F.  The  modi- 
fications necessary  to  the  rotor  construction  to  include 
the  coil  supports  need  raise  no  misgivings  ;  ever\' 
constructional  feature  proposed  has  been  in  extensive 
use  for  years  in  other  branches  of  engineering. 

Rotor  bands  of  steel  tape. — The  construction  suggested 
is  free  from  the  defects  of  the  old  type  of  steel-wire 
bands.  The  bands  can  be  wound  on  with  any  initial 
tension  desired  and  are  centred  independently  of  the 
rotor  coUs.  Both  ends  of  the  tape  can  be  mechanically 
anchored  solidly  to  the  metal  of  the  rotor  coil  support. 
From  the  nature  of  the  stator  construction  proposed 
and  shown  in  Fig.  10  no  arc  on  the  stator  winding 
could  reach  the  rotor  band. 

Stator  core  coolers. — Those  proposed  are  of  simple 
plate  construction  to  enable  sound  and  easily  fusion- 
welded  joints  to  be  made.  Those  members  who  have 
experience  with  similar  joints  wUl  require  no  further 
assurance,  and  to  those  who  are  not  familiar  with  such 
joints  I  would  suggest  that  they  take  an  early  oppor- 
tunity of  inspecting  fusion-welded  or  seam  (spot)  welded 
joints ;  the  work  will  then  speak  for  itself.  Before 
building  in  place  each  cooler  could  be  subjected  to  a 
testing  pressure  of  over  10  times  the  working  pressure. 

Stator  end-coil  supports. — The  particular  design 
shown  in  the  paper  is  in  the  form  of  a  conical  ring  on 
which  the  bottom  layer  of  windings  is  laid  and  between 
them  driving  projections  are  bolted  forming  the  winding 
slots.  Similar  conical  rings  were  used  by  Swiss  designers 
10  years  ago,  but  were  abandoned  owing  to  ventilating 
difficulties.  To  give  the  most  adequate  cooling  the 
coil  supports  must  be  provided  with  hollow  water 
channels.  Those  shown  in  the  paper  are  the  most 
suitable  from  the  cooling  standpoint.  Modification 
with  water  ways  formed  of  solid  drawn  pipes  coiled 
up  and  embedded  in  the  cooler  could  be  suggested  to 
those  who  dislike  welded  joints.  The  external  clamp 
is    of    similar    construction    and    calls    for  no  further 
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comment.  The  novelty  in  both  the  support  and  the 
clamp  is  the  provision  of  winding  slots  and  water 
cooling,  and  the  only  legitimate  criticism  is  that  of 
possible  water  leakage.  With  a  wide  experience  of 
engineering  in  many  branches  I  must  disagree  with 
the  various  speakers  who  contemplate  difficulty  in 
constructing  sound  joints  for  so  moderate  an  internal 
pressure.  In  Staffordshire  thousands  of  tons  of  welded 
steel  piping  are  constructed  monthly  for  much  higher 
pressures  and  under  more  primitive  conditions  than 
those  of  the  workshops  where  electrical  plant  is  con- 
structed. The  pipe  makers  certainly  have  the  courage 
of  their  convictions. 

Fhston  itelding. — This  is  suggested  for  constructing 
various  parts  of  the  cooling  devices  and  it  may  not  be 
out  of  place  to  say  something  of  the  uses  to  which  it 
has  been  adapted.  Roughly  there  are  three  types 
of  fusion  welding  ;  (a)  oxy-acetylene,  (b)  the  electric 
arc  with  metallic  electrodes,  (c)  spot  welding,  (a)  Oxy- 
acety'ene  welding  is  daily  used  in  the  construction 
of  high-pressure  and  high  superheat  pipes  for  weldmg 
on  flanges,  bosses  and  tees  ;  for  the  construction  of 
oil  tanks  for  oil-cooled  transformers  ;  for  the  con- 
struction of  steel  bottles  for  high-pressure  gases  up  to 
5,000  lb.  per  square  inch.  The  joints  of  pipework  for 
upwards  of  750°  F.  offer  considerable  difficulty,  as  no 
known  packing  between  the  flanges  is  suitable.  Con- 
sequently, steam  joints  have  been  proposed  and  will 
shortly  be  on  the  market,  constructed  as  shown  in 
Fig.    B  herewith,   with   fusion-welded  joints,  the   joint 


being  reinforced  by  bolts  fixed  in  loose  flanges  made 
in  halves  and  pressing  against  the  turned-up  pipe 
flanges.  The  full  steam  pressure  will  be  exerted 
upon  the  welded  joints,  which  must  be  welded  in  situ. 

(b)  Arc  welding  is  in  daily  use  for  boiler  construction 
for  working  pressures  of  200  lb.  per  square  inch,  and 
electrically- welded  seams  may  shortly  supersede  riveted 
joints,  (c)  Ten  years  ago  Dr  Ferranti  was  exhaustively 
investigating  the  designs  of  steam  turbines  suitable  for 
high  pressures  and  for  superheats  approaching  1,000 
degrees  F.  He  decided  to  attach  the  blading  to  the 
rotor  drum  by  spot  welding  as  the  most  reliable  of  all 
known  methods.  These  few  examples  are  applications 
of  fusion  welding  to  meet  much  more  arduous  conditions 
of  working  than  any  suggested  by  the  author.  He 
entirely  dissents  from  the  ideas  expressed  that  the 
successful  application  of  fusion  welding  is  beyond  the 
capabihties  of  electrical  workshops. 

Oil  versus  wafer  coaling  Doubt  regarding  the  sound- 
ness of  the  joints  has  caused  various  speakers  to  suggest 


oil  in  place  of  water  cooling.  There  are  advantages 
and  disadvantages  with  both  media.  No  construction  of 
joints  which  cannot  be  entirely  relied  upon  should  be 
allowed  with  cither  oil  or  water.  The  possibility  of 
leakage  during  a  burn-out  must  be  considered,  and 
under  such  conditions  oil  would  appear  to  be  more  risky 
than  water.  The  risk  of  obstruction  of  the  passages 
by  oil  sludging  must  also  be  considered.  The  con- 
struction of  coolers  shown  in  the  paper  would  suit 
either  oil  or  water  if  a  closed  cooling  system  were 
provided. 

Deahng  now  with  the  remarks  of  individual  speakers, 
Mr.  Field  is  the  only  designer  at  the  discussion  in  London 
who  considered  there  are  grounds  for  a  recital  of  break- 
downs, and  consequently  room  for  improvement.  1  am 
much  indebted  to  Mr.  Field  for  the  fair  way  he  has 
considered  my  paper.  The  proposal  of  re-circulated  air 
through  an  external  cooler  only  gets  rid  of  the  difficulty 
of  treating  the  air  itself,  but  it  leaves  the  alternator 
with  its  present  defects.  The  difficulties  of  insulating 
the  curved  portion  of  the  stator  windings  I  have  already 
dealt  with.  If  the  air  be  got  rid  of,  and  a  group  of 
the  mica-insulated  bars  be  impregnated  together  in  a 
water-tight  compound,  surface  leakage  could  be  avoided  ; 
the  problem  is  no  worse  than  that  of  a  high-tension 
three-core  cable  joint.  Whilst  I  am  sure  that  changes  in 
design  will  constantly  occur,  we  are  always  likely  to 
have  the  difficulties  of  heat  dissipation  and  mechanical 
overstressing  of  insulation,  the  two  features  fully 
dealt  with  in  the  paper.  If  I  understand  Mr.  Field 
correctly,  it  does  not  materially  matter  of  what  metal 
the  end  stator  supports  (adjacent  to  the  live  conductors) 
are  constructed,  as  any  loss  in  the  supports  is  gained 
by  reduction  of  the  corresponding  loss  in  the  stator 
bars.  This  is  a  matter  of  some  importance  as  it  widens 
the  choice  of  suitable  materials.  I  note  with  much 
interest  that  Mr.  Field  is  of  opinion  that  air  cooling 
must  ultimately  give  place  to  liquid  cooling. 

I  am  .sorry  that  Mr.  Dickinson  has  some  difficulty  in 
understanding  the  point  of  mv  paper ;  I  think  the 
title  clearly  sets  out  my  idea  in  writing  the  paper. 
I  note  that  Mr.  Dickinson  agrees  with  the  statements 
respecting  the  failures  of  turbo-generators  but  not 
with  the  remedies  proposed.  I  have  dealt  with  this 
matter  in  my  opening  remarks  on  the  discussion. 
Under  modern  conditions  of  operating  a  large  supply 
system  a  bad  bvlrn-out  may  occur  on  any  machine.  At 
present  the  machine  is  stopped  as  soon  as  possible  and, 
if  still  on  fire,  the  hose  pipe  is  then  employed  ;  whereas 
with  water  cooling  a  bad  burn-out  would  set  the  water 
at  work  almost  instantly  and  at  the  very  seat  of  the 
flames.  Afterwards  the  cooling  elements  give  an  easy 
means  of  drying  out,  by  passing  hot  water  or  steam 
through  them.  When  liquid  cooling  is  developed, 
electrically-operated  valves  will  form  part  of  the  outfit, 
and  will  be  connected  to  the  protection  relay  system 
and  equipped  with  suitable  time-limit  devices. 

In  reply  to  Mr.  Partridge,  I  have  already  pointed  out 
that  the  faOures  outlined  took  place  in  several  stations 
and  with  both  British  and  foreign  plant.  No  attack 
was  made  on  Parsons  flexible  coupling  ;  mention  was, 
however,  made  of  difficulties  experienced  with  a  type 
of  coupling  and,  generally  speaking,  solid  couplings  are 
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taking  their  place.  For  high  -speed  machines  I  consider 
a  steel  tape  to  be  the  safest  kind  of  band  under  the 
conditions  set  out.  I  am  aware,  of  the  magnetic 
requiiements  of  a  bronze  ring  next  the  polar  faces, 
and  this  is  provided  for  and  shown  in  Fig.  9.  Whilst 
with  a  solid  band  the  tensions  are  not  under  control, 
with  a  flexible  band  the  tensions  may  be  adjusted  to 
any  desired  amount. 

In  reply  to  Mr.  A.  M.  Taylor,  I  think  a  reliable 
alternator  should  run  for  10  jj^ears  without  a  breakdown, 
neglecting  of  course  the  usual  overhauls  and  small 
replacements.  His  contention  that  one  machine  in 
every  five  may  break  down  is  quite  a  modest  require- 
ment. 

Mr.  McClelland  restricts  his  remarks  to  the  marine 
propulsion  side,  and  1  am  pleased  to  have  his  approval 
of  my  statement  regarding  sea  conditions.  As  Electrical 
Director  at  the  British  Admiralty  his  experience  carries 
great  weight  Personally  I  feel  sure  that  before  marine 
propulsion  on  a  large  scale  is  solved  machines  will  be 
required  of  the  types  outlined  in  the  paper.  The  driving 
torque  of  180,000  h.p.  through  faces  of  insulation 
under  sea  conditions  is  not  a  small  problem  nor  one 
solved  by  the  use  of  electrical  plant  as  now  constructed. 

Professor  S.  P.  Smith  attributes  the  breakdowns  to 
tlie  purchase  of  cheap  machines  ;  by  doing  so  he 
practically  classes  the  majority  of  British  and  Conti- 
nental machines  as  cheap,  meaning  thereby  not  cheap 
in  the  ordinary  accepted  sense  of  the  word,  but  as  being 
something  poor  and  inferior.  I  am  sorry  1  cannot  accept 
his  suggestion.  I  have  considerable  experience  in  buying 
machines  and  I  cannot  recall  a  single  instance  where 
inferior  material  was  introduced  into  turbo-alternators 
to  effect  a  saving  in  constructional  cost.  At  the  same 
time  I  thoroughly  agree  with  the  concluding  sentence 
of  his  remarks. 

Mr.  Clough  states  that  some  of  the  faults  have  never 
been  committed  at  all  by  the  leading  makers  of  this 
type  of  machinery  in  this  country.  During  the  discussion 
I  pressed  Mr.  Clough,  but  withor.t  success,  to  specify 
what  faults  had  not  been  committed  as  stated,  and  as 
I  have  dealt  with  the  matter  in  my  opening  remarks 
there  is  nothing  further  which  can  be  usefully  said. 
I  do  not  suggest  the  use  of  heavy  solid  bars  ;  on  the 
contrary,  one  must  recognize  the  necessity  of  laminated 
stator  bars  and  consequentlv  the  necessity  of  providing 
more  perfect  support  to  them.  As  Mr.  Clough  does 
not  specify  the  difficulties  he  anticipates  through 
stator  water  cooling,  I  can  only  refer  once  more  to  my 
opening  remarks. 

Birmingham  Meeting. 
Mr.  Wilson  raises  certain  questions  regarding  the 
method  of  cooling  electrical  plant  used  in  the  United 
States  Navy.  From  accounts  in  the  Press  (General 
Electric  Revieiv,  AprU  1919,  and  Journal  of  the  American 
Institute  of  Electrical  Engineers,  January  1920)  air 
cooling  is  used  in  the  U.S.S.  "  New  Mexico "  and 
U.S.S.  "Tennessee.''  The  following  statement  occurs 
in  the  American  Journal :  "  The  machines  are  of  the 
usual  construction  except  that  special  provisions  have 
been  made  to  avoid  salt  deposits  in  the  windings.  This 
is  a  trouble  whicli  is  likely  to  occur  where  machines  are 


operated  in  salt-laden  air."  No  deta'ls  have  been  pub- 
lished respecting  the  method  of  eliminating  salt  spray  or 
salt.  Steam  coils  are  apparently  provided  inside  the 
generator  framing  to  prevent  surface  condensation. 

Mr.  Cranston  argues  that  there  can  be  little  gain  in 
cooling  effect  with  water  against  air.  That  is  not  the 
experience  with  rotor  cooling  nor  is  it  a  generally 
accepted  opinion. 

Mr.  Jakeman  states  that  the  rotor  ducts  will  probably 
be  only  partially  full  of  water.  That  of  course  is  only 
a  surmise  ;  even  if  only  half  full  there  would  still  be  a 
gain  of  over  40  times  the   cooling  effect  of  air. 

As  a  nser  of  turbo-alternators  Mr.  Forrest  considers 
the  present  method  of  air  cooling  to  be  crude  and 
unsatisfactory — my  own  opinion.  The  alternative 
methods  of  water  and  oil  cooling  I  have  dealt  with 
already. 

Mr.  Orsettisch  raises  the  question  of  maximum 
output  of  machines  running  at  3,000  r.p.m.  I  do  not 
know  the  largest  made  in  this  country.  Swiss  makers 
say  they  are  prepared  to  build  machines  of  20,000  k.v.a. 
at  3,000  r.p.m.  I  think  most  users  will  be  surprised  to 
learn  that  "  paper  insulation  is  not  now  used  (on  stator 
stampings)  as  paper  is  well  known  to  be  unable  to 
stand  high  temperatures  without  charring  " — a  startling 
commentary  on  modern  design.  It  would  appear 
without  further  argument  that  more  efficient  cooling 
methods  are  already  desirable,  and  further  emphasis 
is  added  by  the  precautions  Mr.  Orsettisch  considers 
necessary  when  using  air  for  cooling.  I  quite  agree 
that  clamping  bolts  through  the  core  of  a  stator  are 
not  desirable  ;  for  very  deep  cores,  radially,  bolts  may 
be  a  necessity  and  are  used  freely  by  two  experienced 
makers.  With  respect  to  thermal  expansion,  the 
increment  in  copper  length  to  surrounding  iron  incre- 
ment is  rarely  more  than  005  inch,  which  is  easily 
adjustable  in  the  slack  space  at  the  ends  of  the  core. 
I  note  with  interest  that  so  experienced  a  designer  as 
Mr.  Orsettisch  is  of  the  opinion  that  liquid  cooling 
will  have  to  be  adopted  ultimately. 

Mr.  H.  W.  Taylor  correctly  states  that  a  designer 
and  a  user  of  plant  view  matters  from  different  stand- 
points ;  their  interests  are,  however,  identical — the 
perfect  machine.  The  first  portion  of  my  paper  is  not 
devoted  to  faults  which  may  occur  but  to  faults  which 
have  frequently  occurred,  with  the  exception  of  side 
slip.  I  am  obliged  for  the  particulars  of  the  B.T.H. 
patent  for  stator  bars  and  will  include  it  with  the  others 
quoted.  Regarding  the  attachment  of  stator  con- 
ductors, I  am  acquainted  with  the  method  used  by 
Mr.  Tavlor's  firm,  viz.  loose  separators  and  binding 
the  conductors  to  their  insulating  rings  by  tape  and 
cord,  and  I  have  no  hesitation  in  stating  that  the 
continuous  slot  is  the  most  mechanical  of  all  possible 
methods  of  supporting  stator  conductors.  With  respect 
to  rotor  cooling  we  are  really  in  agreement  ;  the  active 
material  is  so  valuable  that  the  minimum  amount  of 
it  should  be  sacrificed  to  cooling  ducts,  and  the  method 
shown  in  Fig.  8  ( / )  combines  the  minimum  sacrifice  of 
active  iron  with  the  maximum  of  cooling  (see  table  on 
page  133).  With  respect  to  the  amount  of  stator 
copper  shown  in  Figs.  10,  ii  and  12,  these  diagrams 
are  not  scale  drawings.     Whilst  they  may  not  represent 
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the  correct  amount  of  copper  according  to  Rugby 
practice,  they  are  approximately  correct  according  to 
designs  elsewhere  ;  at  the  same  time  with  liquid  cooling 
a  re-proportioning  of  copper  and  iron  would  probably 
be  necessary.  Regarding  eddy-current  losses  in  the 
coil  supports  shown  in  Fig.  12,  provided  no  magnetic 
metal  is  used  the  losses  are  so  small  that  it  is  immaterial 
of  what  metal  the  supporting  plate  be  constructed  ; 
questions  of  price  and  easy  working  will  probably 
determine  what  metal  shall  he  u.sed. 

Dr.  M.  Kahn  raises  certain  comparisons  between 
liquid  and  air  cooling.  I  should  anticipate  figures  of 
the  following  character  with  cooled  condensate  as  the 
cooling  medium  : — 


Air  Water 

Temperature  gradient  stator  insulation  60°  60° 
Temperature  gradient  cooling  medium 

to  cores           .  .          . .          .  .          .  .        60°  20° 

Temperature    of   cooling    medium    at 

outlet               ..          ..          ..          ..no"  So° 


Maximum  temperature  of  copper 


230°  F.     160°  F. 


With  regard  to  the  curves  in  Fig.  7,  these  must  be  read 
as  a  general  indication  of  results  and  not  as  absolute 
quantitative  facts.  Other  matters  besides  temperatures 
are  also  involved,  particularly  the  stiffness  of  the  stator 
bars  and  the  character  of  their  supports. 


THE   HIGH-FREQUENCY    RESISTANCE   OF   WIRES   AND    COILS. 
By  Professor  G.  W.  0.  Howe,  D.Sc,  Member. 

{Paper  received  2  December,  and  read  at  a  Wireless  Sectional  Meeting  of  The  Institution,   17  December,   1919.) 


The  last  five  years  have  seen  a  remarkable  development 
in  the  application  of  high-frequency  currents  to  telegrapliy 
and  telephony.  In  almost  every  such  application,  coils 
through  which  high-frequency  currents  flow  form  an 
essential  part  of  the  apparatus.  In  some  cases  they  con- 
tain an  ounce  or  less  of  the  finest  wire,  in  others  many 
hundredweights  of  massive  copper  strip  or  tubing.  In  all 
cases,  however,  it  is  a  matter  of  importance  to  be  able  to 
calculate  or,  at  least,  to  predict  the  losses  occurring  in, 
these  coils  when  carrying  high-frequency  currents.  With- 
out this  knowledge  it  is  impossible  for  the  designer  to 
utilize  his  material  and  space  to  the  best  advantage. 

No  attempt  is  made  to  deal  exhaustively  with  the 
subject  in  this  paper.  An  explanation  is  given  of  the 
principles  involved  and  it  is  shown  how  these  principles 
can  be  applied  to  the  calculation  of  the  resistance  of  wires 
and  coils.  A  method  of  measuring  the  resistance  is 
described  and  the  results  obtained  are  compared  with 
the  calculated  values.  The  use  of  multiply  stranded 
insulated  wire  is  discussed.  In  none  of  these  matters, 
however,  is  the  paper  to  be  regarded  as  more  than  an 
opening  contribution  to  a  discussion  on  the  subject. 

It  is  now  well  known  that  the  power  transmitted  by 
means  of  electric  wires  does  not  travel  through  the  copper, 
but  through  the  space  between  and  around  the  con- 
ductors. The  latter  merely  serve  as  guides  whereby  the 
energy  is  caused  to  flow  along  certain  prescribed  paths 
With  free  Hertzian  waves  in  space  there  are  no  guides  and 
the  energy  is  free  to  radiate  in  all  directions.  In  radio- 
telegraphy  the  surface  of  the  earth  acts  as  a  lower  guide, 
whilst  the  partially  ionized  upper  strata  of  the  atmosphere 
undoubtedly  act  to  some  extent  as  an  upper  guide  confin- 


ing the  radiated  energy  within  the  comparatively  narrow 
space  between  them. 

The  current  that  flows  in  a  conductor  whenever  it  is 
being  used  to  transmit  energy  causes  a  continual  dissipation 
of  energy  which  is  supplied  by  transmission  into  the  con- 
ductor from  the  surrounding  space.  This  transmission  of 
energy  into  the  conductor  follows  exactly  the  same  laws  as 
the  ordinary  transmission  along  the  line.  It  is  well  known 
that  the  alternating  current  propagated  along  a  telephone 
line  suffers  attenuation  and  that  if  the  line  is  long  enough 
and  the  frequency  high  enough  no  appreciable  power  may 
ever  reach  the  distant  end.  Similarly  with  the  power 
transmitted  into  the  conductor,  if  the  conductor  is  thick 
enough  and  the  frequency  high  enough  no  power  may 
ever  leach  the  centre  or  even  penetrate  beyond  a  thin 
outer  layer.  In  the  ordinary  telephone  transmission  the 
energy  is  propagated  through  a  medium  of  air  or  gutta- 
percha ;  here,  however,  the  energy  is  propagated  through 
copper. 

Straight  Round  Wire. 

In  a  previous  paper  '■'■  the  author  has  shown  how  the 
well-known  telephone  transmission  formute  may  be  used 
to  calculate  the  skin  effect  in  many  cases.  It  is  there 
shown  that  in  a  solid  round  wire  carrying  a  current  of  such 
a  high  frequency  that  the  penetration  is  small,  the  ratio  of 
the  high-frequency  resistance  Ry  to  the  steady-current 
resistance  R„  is  given  by  the  formula 

Ro  V  xio'p/  ^ 

•  G.  W.  O.  Howe  :  "The  .\pplication  of  Telephone  Transmission  Formula 
to  Skin-eSect  Problems,"  Journal  I.E.E.,  1916,  vol.  54,  p.  473. 
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where  r  is  the  radius  of  the  wire,/ the  frequency,  ^  the 
permeability,  and  p  the  specific  re>istance.  For  copper 
/I  =  I,  p  :=  l•^  X  10"*  ohms  per  cm.  cube,  and 


=  0-038  rfv//+0  25 


— A" 

// 
// 
// 
— 77 

/  / 

/_/ 

/ 
/ 
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where  d  is  the  diameter  of  the  wire. 

Hence  if  R//R0  is  plotted  against  rf>//  the  graph  is  a 
straight  line  as  shown  in  Fig.  i.  For  values  of  d^Jf  less 
than  32,  or  v.ilues  of  R//R0  less  than  1-5,  the  penetration 
into  the  wire  is  f.o  great  that  the  assumptions  made  in 
establishing  the  formula  are  no  longer  tenable.  Even  in 
this  case,  however,  the  problem  can  be  solved  by  applj-ing 
the  graphical  method  so  frequently  employed  in  studying 
telephonic  transmission  problems.  The  line  is  divided 
into  a  number  of  sections  by  assuming  its  leakage  and 
capacity  to  be  concentrated  at  a  number  of  equidistant 
points.  The  current  and  potential  difference  at  the 
receiving  end  are  assumed  and  lho>e  at  any  point  of  the 
line  determined  by  constructing  a  vector  diagram  section 
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Fig.  I. 

Resistance  to  alternating  current  ,       ,     .  .  ,  . 

=- — r— -. ;  for  straight  round  copper  wire. 

Resistance  to  continuous  current 

If  JV/ exceeds  32  ;  R//Ro=  003S  dy/f  +  01%. 

by  section,  commencing  at  the  receiving  end  and  gradually 
working  back  along  the  line.  This  method  was  applied  to 
the  detc-rmin  ition  of  skin  effect  in  the  paper  already 
referred  to,  from  which  Fig.  2  is  reproduced.  Complete 
vector  diagrams  are  there  given  for  a  2  cm.  round  copper 
rod  carrying  alternating  currents  at  frequencies  of  159  and 
1, 5go  respect ivelv,  but  the  results  are  equally  applicable  to 
any  other  size  of  copper  wire  provided  ihe  frequency  is 
such  that  the  value  of  d  y/f  is  the  same.  In  the  first 
example  d  yjf^z^i^  and  Ky/Ro  is  found  to  be  1238, 
whereas  in  the  second  example  d  y/f^-jt)  and  R/-/R„  is 
found  to  be  3035.  In  this  latter  example  the  result  is  too 
low,  since  for  such  a  high  value  of  d  y/f  the  formula 
0*038  d  ^y+o'25  is  very  accurate,  and  it  gives  the  value 
3*28.  The  accuracy  of  the  graphical  method  depends  on 
the  number  of  sections  into  which  tlie  line  is  subdivided 


and  on  the  scale  and  accuracy  of  the  drawing.  The 
diagram  also  gives  the  high-frequency  inductance  of  the 
wire  in  so  far  as  it  is  modified  by  the  alternating  current. 
The  magnetic  flux  external  to  the  wire  is,  of  course,  un- 
altered  by   the   skin   effect.     The   vector   diagram   is   in- 


1"  Jl    J§.    Ji      J2      10       8       6       4       2      0; 
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Fig.  2. 


structive  in  showing  how  the  magnitude  and  pha=e  of  the 
current  vary  with  increasing  depth.  This  is  shown  in 
Fig.  3  for  d  yjf=  79.     It  is  seen  that  at  the  moment  of 


Copper  d  ■J f  =  79. 

Fig.  3. — Curves  showing  maximum  value  (doited)  and  value  at 
moment  ol  maximum  total  current  (full  line). 


maximum  current  the  central  portion  of  the  wire  is  carry- 
ing current  in  the  reverse  direction. 

Parallel  Strips. 

When  it  is  desired  to  keep  the  inductance  of  a  circuit  as 
low  as  possible,  parallel  strips  placed  close  together  are 
frequently  employed.  A  cross-section  of  such  a  circuit  is 
shown  in  Fig.  4.  The  current  is  concentrated  towards  the 
inner  faces  and  the  magnetic  field  is  distributed  as  shown. 
If  the  frequency  is  so  high  that  the  current  density  at  the 
back  of  the  strips  is  practically  zero,  this  is  the  simplest  of 
all  skin-effect  calculations  ;  it  is  considered  in  detail  on 
pages  473  to  475  of  the  previous  paper.     The  resistance 
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and  losses  are  shown  to  be  the  same  as  if  tlie  total  current 
were  distributed  uniformly  over  a  layer  of  depth  /  where 

1  =  1-    /i£V  - 

For  copper  at  a  frequency  of  a  million,  /  =  o'o66  ram. 
If  the  frequency  and  the  thickness  of  the  strips  are  such 
that  the  current  penetrates  appreciably  throughout  the 
whole  cross-section,  the  problem  is  analogous  to  that  of 
the  telephone  line  when  the  current  is  not  attenuated  to 
zero  before  arrival  at  the  far  end,  in  which  case  a  reflected 
wave  is  superposed  upon  the  forvv'ard  wave.  The  formulae 
for  this  case  are  well  known  and  are  used  daily  by  telephone 
and  alternating- current  power  •  transmission  engineers. 
They  are  employed  on  pages  478  and  479  of  the  previous 
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paper  to  calculate  the  current  density  at  different  depths 
and  the  resultant  resistance.     It  is  shown  that 


where/3  =  2:ry(^;^y 


5/ 


y 


r  :=  the  thickness  of  the  strip,  and 
cosh  2  /3  r  —  cos  2  /3  r 


r  = 


snih  2  /3  r  +  sin  2  /3  r 


For  small  values  of  2  /3  r,  that  is,  for  low  frequencies  or    | 
very  thin  strips,  this  reduces  to 

which  for  copper  maj'  be  written 

Br 
Ro 

The  value  of  R^/Ro  for  any  value  of  /3t  can  be  read 
directly  off  the  curve  in  Fig.  6. 

Tubular  Conductors. 

When  the  frequency  is  such  that  the  current  is  confined 
to  the  outer  skin  of  a  round  conductor,  material  can  be 
saved  by  using  a  tube.     If  the  thickness  of  the  wall  is  such 


that  the  current  density  at  the  inner  surface  is  negligible 
the  resistance  will  be  the  same  as  if  the  conductor  were 
solid  ;  if,  however,  the  wall  is  so  thin  that  the  current 
density  is  appreciable  throughout,  the  above  formula  for 
the  strips  can  be  applied,  r  is  then  the  radial  thickness  of 
the  wall,  which  should  not  exceed  one-third  of  tlie  radius. 

Single-layer  Cylindrical  Coils. 

Formulas  for  the  high-frequency  resistance  of  single- 
layer  solenoids  have  been  given  by  Max  Wien,*  Sommer- 
feld,|  Louis  Cohen, J  Nicholson, §  and  Picciati.|j  A  few 
trial  applications  of  the  formula  obtained  by  Nicholson 
show  it  to  give  impossible  results  in  any  practical  case. 
In  the  present  paper  the  results  obtained  by  the  other 
authors  are  compared  among  themselves  and  with  the 
small  amount  of  experimental  evidence  which  has  been 
published.  Further  experimental  results  are  given  which 
enable  the  high-frequency  resistance  to  be  predicted  with 
reasonable  accurac)'.  In  addition  to  the  experiments 
described  in  some  of  the  papers  referred  to  above, 
experimental  results  have  been  published  by  Battelli  and 
Magri,*i  Black,*"''  Fleming, |f  and  Esau-iJ: 

Coils  wound  with  reclangular  wire. — In  the  previous 
paper  the  author  has  shown  that  the  resistance  of  a  long 
coil  closely  wound  with  a  single  layer  of  square  or  rect- 


FiG.  5. 

angular  wire  as  shown  in  Fig.  5  is  given  accurately  by 
the  same  formula  as  that  already  found  for  the  parallel 
strips,  viz. 

r 


R<:=  Ro 


where  r  is  the  radial  thickness  of  the  wire.  The  values  of 
RJRo  are  plotted  in  Fig.  6  against  values  of  /3  r. 

On  the  right  of  Fig.  5  are  shown  the  fictitious  planes 
of  infinitely  good  conducting  material  which  may  be 
imagined  to  be  embedded  in  the  wire  to  serve  as  lines  to 
transmit  the  energy  radially  outwards  into  the  piece  of 
copper  between  them. 

If  there  is  a  small  space  between  adjacent  turns,  the 
magnetic  field  within  the  conductor  and  in  the  spaces 
between  the  turns  will  still  be  approximately  hnear  and 
parallel  to  the  axis  of  the  coil,  but  for  a  given  current 
density  the  magnetic  flux  density  will  be  reduced.  The 
same  result  would  be  caused  by  a  decrease  in  the  perme- 
ability and  either  would  lead  to  an  increased  penetration. 
If  the  wire  has  a  square  section  of  side  r  cm.  and  if  S  is 
the  number  of  turns  per  cm.,  St  is  the  fraction  of  the 
axial  length  occupied  by   the   conductor,  the  remainder 
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^   Proceedings  of  the  London  Physical  Society,   1909,  vol.  zi,  p.  114  ; 
Philosophical  Magazine,  1910  vol.  19,  p.  77. 

II  II  Nuovo  Cimcnto,  1906,  p.  351. 

11  Philosophical  Magazine,  1903,  ser.  6,  vol.  5,  p.  I. 
'•  Annalen  der  Physik,  1906,  vol.  19,  p.  157. 
t^  Journal  I.E.E.,  igio,  vol.  44,  p.  344. 
Xt  Annalen  der  Physik,  1911   vol.  34,  pp.  57,  81,  aod  547. 
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being  occupied  by  insulation  or  air  space.  The  penetra- 
tion would  be  the  same  if  the  turns  were  close  together, 
but  the  permeability  of  the  material  reduced  from   i   to 
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Sr.     Assuming  the  conductor  to  have    unit  permeability, 
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It  will  be  seen  from  Fig.  6  that  the  values  of  the  ratio 
Rr/Ro  are  practically  independent  oi  (St  for  values  of  the 
latter  up  to  o'6,  but  directly  proportional  to  /3j-  if  it  exceeds 


2'5.  Hence  when  the  frequency  is  so  low  that  the  skin 
effect  is  only  slight  the  pitch  of  the  turns  has  little  effect, 
but  at  very  high  frequencies  where  the  skin  effect  is  very 
pronounced,  the  ratio  RJRo  is  proportional  to  v^(S  r). 
This  is  only  strictly  true  when  S  r  differs  but  little  from 
unity. 

For  many  purposes  it  is  convenient  to  consider  the  ratio 
of  the  high-frequency  resistance  R^  of  the  coil  to  the  high- 
frequency  resistance  Ry  of  the  same  wire  when  straight. 


3-0 


o  5  10      _    15  ZO  Z5 

Fig.  7. — Coils  wound  with  square  wire. 

In  the  present  case  this  would  necessitate  a  Ijnowledge  of 
the  ratio  R//R0  for  a  straight  wire  of  square  section.  At  low 
frequencies  the  resistance  of  a  square  wire  appro.\imates 
to  that  of  a  round  one  of  equal  cross-section,  whereas  at 
very  high  frequencies  its  resistance  is  inversely  propor- 
tional to  its  periphery  and,  neglecting  the  fact  that  the 
current  density  is  slightly  greater  near  the  edges  than  near 
the  middle  of  the  faces,  approximates  to  that  of  a  round 


Table  i. 
Calculated  Values  of  Rc/R/  for  Coils  wound  with  Square  Wire. 
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wire  of  the  same  periphery.  For  intermediate  cases  it  will 
lie  somewhere  between  these  two  limiting  values.  Now 
the  area  of  a  circle  inscribed  in  a  square  has  an  area  t/4  of 
that  of  the  square  and  also  a  periphery  7r/4  of  that  of  the 
square.  Hence  a  round  wire  equal  in  diameter  to  the  side 
of  a  square  wire  has  4'-  times  its  resistance  both  at  very 
low  and  at  very  high  frequencies.  It  may  be  assumed 
therefore  as  an  approximation  that  this  ratio  is  constant  at 
all  frequencies.  The  resistance  of  Imcar  conductors  of 
square  section  has  been  investigated  theoretically  and 
experimentally  by  H.  W.  Edwards.'-'  It  will  be  found, 
however,  that  the  inscribed  circle  method  gives  results 
in  as  good  agreement  with  his  observations  as  his  own 
theoretically  established  formula.  The  biggest  difference 
between  the  calculated  and  observed  results  is  about  4  per 
cent  for  values  of  r^// ranging  from  o  to  42. 

The  values  of  R,/Ro  and  Rf/R^have  been  calculated  for 
a  solenoid  of  square  wire  with  Sr:=io,  0'8,  0'5  and  0-25 
respectively,  that  is,  for  coils  in  which  r  is  100,  So,  50  and 
2S  per  cent  of  the  pitch  of  the  turns.     The  results  are 
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Fig.  8. — Coils  wound  with  square  wire. 
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given  in  Table  i  and  Figs.  7  and  8.  The  curves  are  cal- 
culated hv  the  above  formula;  but  the  points  marked  are 
experimental  results  obtained  by  Esau  {loc.  cii.)  who 
measuied  the  high-frequency  resistance  of  singe-layer 
coils  of  >quare  wire.  For  the  saUe  of  comparison  the 
curves  have  also  been  drawn  for  the  values  of  r,//and  of 
Sr  which  were  employed  by  E?au.  It  will  be  seen  that 
the  agreement  is  very  good  except  for  the  lowest  values 
of  St.  Since  the  calculation  is  based  on  the  assumption 
that  Sr  IS  not  much  less  than  unity,  the  accuracy  with 
which  ihe observed  points  lie  on  the  curve  when  St  =  0-375 
is  somewnat  surprising,  more  specially  in  view  of  the 
enormous  discrepancies  when  Sr  =  oi6i.  It  must  be 
remembered  that  it  has  been  assumed  that  the  coils  are 
long  and  that  the  diameter  is  large  compared  with  the 
pitch. 

Solenoid  wound  ivUh  round  wire. — If  the  coil  is  wound 
with  round  wire  the  problem  is  more  difficult,  since,  even 
when  closely  wound,  the  distribution  of  the  current  over 
the  cross-section  of  the  wire  is  not  cylindrical,  or,  in  other 
words,  the  energy  is  not  transmitted  into  the  conductor 
in  a  diie  tion  normal  to  the  axis  of  the  coil.     The  only 

•  Ekctriciii'i,  igi2,  vol.  68,  p.  72S  ;  and  Physical  Revie-x,  1911, 
TOl.  33,  p  184. 


writers  who  appear  to  have  attacked  the  problem  rigidly 
are  Picciati  and  Sommerfeld.  Others  have  considered  the 
problem,  but  have  assumed,  either  that  the  wire  is  square, 
or  that  the  current  distribution  in  the  round  wire  is  similar 
to  that  in  the  square  wire.  Cohen  assumed  that  the  results 
obtained  by  him  for  square  wire  could  be  applied  to  round 
wire.  His  formula  is  only  applicable  to  very  closely 
wound  coils,  and  if  applied  to  coils  in  which  Si/  =  o"5, 
that  is,  in  which  the  space  between  the  wires  is  equal  to 
the  diameter  of  the  wire,  it  may  lead  to  coil  resistances 
less  than  that  of  the  wire  when  straight.  As  an  example, 
the  dotted  curve  in  Fig.  9  is  calculated  by  Cohen's 
formula  for  rfv'./^=S6'4-  At  low  frequencies,  however, 
Cohen's  formula  gives  good  results,  even  for  coils  which 
are  not  closely  wound,  as  can  be  seen  from  the  lower 
dotted  curves  in  Fig.  9  for  d  v// equal  to  i7'8  and  i2'o 
respectively. 

Cohen's  formula  is  as  follows  : 

R^  =  Ro  -j-  R'  per  cm.  of  \\\ve,  where 

I 


R'  =  64  S=  b>^d'B% 


"'C^  +  Z^'J", 


where  2  a-  =  m'  -|-  v/("i''  -I-  16  ir'  a"  u)'), 

2  /3=  =  —  )"'  +  ■,/(»>*  +  16  tt'  ct'  O)'), 

a^  conductivity  (C.G.S.)  =  1/1,700  for  copper, 
and  »i  ^=  H  7r/(/iH  =  I,  3,  5,  etc.). 

At  very  high  frequencies  a=  :=  /3°  ^  2  tt  o  w  and 

R'  =  6-iS=rfv/(//ff) 

=  252  S=  d  sjf  X  10 — 9  ohms  per  cm.  for  copper 

Also,  at  very  high  frequencies  Rc=  R'  and 

RWRo=(:rrf/2)s/(/<') 
therefore  RjR/=  305  S=(/= 

If  this  were  so,  on  pulling  a  closeU'-wound  coil  out 
until  the  pitch  was  twice  the  diameter  of  the  wire 
(Srf  =  o'5),  the  resistance  to  very  high  frequencies  would 
be  reduced  to  a  quarter,  and  would  be  less  than  that  of  the 
wire  when  straight.  It  is  obvious,  therefore,  that  Cohen's 
formula  for  high  frequencies  cannot  be  used  unless  S  d  is 
very  nearly  unity. 

For  low  frequencies  M.  Wien  obtained  the  formula 

RJR^=I  +  0-272  7r'w=  (?=)■' (2 'r''S)' 

which,  for  copper,  may  be  written 

R,/R„  =  I  +  23  .  10-6  (,/  ^fY  .  (S  df 

This  is  somewhat  similar  to  the  formula  for  low  fre- 
quencies obtained  by  Sommerfeld,  viz. 

Rr  fi        ,  ^        (27rrS)«   , 

^=  I  -f  0-25  :r'a;=<7=  /"l^  +  (2  ,r  r'&Y^''-^^  "H   . 

which,  for  copper,  may  be  written 

J^^=  I  +  2-12  X  IO-6(rfy/)'|i  +  ,r=(Srf)' -1-^(8  <//-F  ...    } 

If  S  d  is  not  much  less  than  unity,  the  second  term  is  much 
bigger  than  any  other,  and  we  have  approximately 

R,/R<,=  l  -I- 21  X  io-6(</v'/)'(Srf)' 


} 
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which  is  practically  the  same  as  Wien's  formula.  As  men- 
tioned in  connection  with  parallel  strips  the  accurate 
formula  for  closely  coiled  square  wire,  viz.  R^/R^  = /3  r/y, 
can  be  modified  for  small  values  of  0  r  by  expanding  the 
trigonometrical  and  hyperbolic  functions  and  neglecting 
the  higher  powers  of  /3  r  ;  in  this  way  one  obtains 

_R,_  2(2^-)' 

=  1  +  475  X  10— «(t-  ^  fy  for  copper. 


in  exact  agreement  with  Wien  and  Sommerfeld.  This 
formula  is  only  applicable  to  low  frequencies  (d  s/  f  less 
than  10). 

At  very  high  frequencies  the  replacement  of  closely- 
wound  round  wire  by  square  wire  of  equal  section  also 
leads  to  results  almost  identical  with  those  obtained  by 
Sommerfeld  ;  thus  from  Fig.  8  for  r  v//=  »  and  S  r  =  o*886, 
RJR^=376,  whereas  Sommerfeld  calculated  373  for 
closely-wound  round  wires  at  infinitely  high  frequencies. 
It  should  be  mentioned  that  Sommerfeld  only  succeeded 


y  =  00  (5om) 


/  =  00  (Co) 


firv;^=56-4(Co) 


/««^  =  rr-8(Co) 


dt^=l2(Som) 

,-]<i>^=I2(Co) 
«iv^=lo(Som) 
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Fig.  9. 


d^  =  6(5om) 


10 


We  have  also  shown  that,  if  not  closely  wound,  the  effect 
is  similar  to  that  of  reducing  the  permeability  from  i  to 
S  T,  which  would  reduce  /S-"  in  the  ratio  of  i  to  (S  r)=,  and 
give  the  formula 

R,/R„=,  -f47-5X  I0-6(rv//)^.(Sr)= 

//  ihis  formula  is  assumed  to  hold  approximately  for  round 
wires  of  equal  cioss-seclion,  we  have 


r=o-886rf;   (r^/) 

and 


o-6i7{d^fy;  (Sr)'  =  o785(Srf)' 

r^;r„=  I  -I-  23  X  io-^{d^fy(SdY 
Vol.  58. 


in  solving  the  problem  for  the  case  of  the  turns  in  actual 
contact,  i.e.  for  S  rf  =  i  ;  for  values  of  S  d  less  than 
unity,  he  used  the  experimental  results  of  T.  P.  Black. 
We  are  therefore  entirely  dependent  on  experimental 
observations  except  for  certain  special  cases.  The  results 
obtained  by  various  experimenters  have  been  plotted  in 
Fig.  9  ;  beside  each  point  is  given  the  value  of  d  s/f-  The 
results  are  very  discordant  but  it  must  be  remembered 
that  the  measurements  have  been  made  bj'  different 
methods  and  with  different  sources  of  alternating  currents  ; 
some  with  damped  and  some  with  undamped  oscillations. 

11 
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The  curves  shown  have  been  calculated  by  the  various 
formulas  to  which  reference  has  been  made.  None  of 
these  formulas  take  into  account  the  effect  of  the  diameter 
of  the  coil,  which  may  be  an  important  factor  for  small 
values  of  S  rf  ;  the  formula  assume  the  coils  to  be  very 
long  in  comparison  with  their  diameters,  and  they  would 
obviously  be  very  inaccurate  if  applied  to  narrow  coils  of 
large  diameter  (see  section  on  "Short  Coils"). 

Experimental. 
A  number  of  measurements  of  the  high-frequency 
resistance  of  coils  have  been  made  at  the  Imperial  College 
of  Science  and  Technology  during  the  last  three  or  four 
years  by  the  author  and  by  several  research  students, 
especially  Mr.  Smith-Rose,  B.Sc,  and  Mr.  \V.  Greenwood, 
B.Sc.  The  method  hnally  adopted  was  as  follows  ;  The 
coil  was  supported  horizontally  by  a  small  glass  rod  in  a 
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large  wooden  box,  about  i  yard  cube,  containing  heating 
apparatus*  (carbon  filament  lamps)  controlled  by  a 
thermostat,  whereby  the  temperature  in  the  box  could  be 
maintained  constant.  The  temperature  rise  of  the  coil 
was  determined  by  means  of  a  thermo-junction  of  very 
fine  wires  soldered  to  a  point  of  the  coil  near  its  centre  ; 
these  wires  could  be  disconnected  from  the  galvanometer 
circuit  except  when  a  reading  vi^as  to  be  made.  The 
galvanometer  deflections  were  determined  for  various 
steady  direct  currents  which  were  kept  constant  until  the 
temperature  reached  its  steady  value.  Alternating  current 
was  then  substituted  for  the  direct  and  the  galvanometer 
deflection  determined  when  the  temperature  had  become 
steady.  If  !„  is  the  direct  current  required  to  give  the 
same  temperature  rise  as  the  alternating  current  I^,  then 
\\  Rc=  I;  Re.  The  value  of  1^  was  read  on  a  hot-wire 
ammeter  which  showed  no  sign  of  skin  effect  at  the 
frequencies  employed  and  which  was  calibrated  after  each 
test.  The  possibilit)'  of  the  galvanometer  reading  being 
affected  by  capacity  currents  flowing  from  the  solenoid 
along  the  thermo-junction  wires  to  the  galvanometer  can 
be  avoided  by  connecting  the  galvanometer  leads  to  the 
thermo-junction  wires  after  the  main  circuit  has  be^i 
opened.     By  reading  the   deflection  at  definite  intervals 

*  This  refinement  was  found  unnecessary-  and  was  discontinued. 


after  opening  the  circuit  a  cooling  curve  can  be  plotted 
and  produced  backwards  to  give  the  value  corresponding 
to  zero  time.  This  extrapolation  can  be  obviated  by 
adopting  the  same  procedure  when  calibrating  tlie  solenoid 
with  direct  current  and  always  taking  the  galvanometer 
deflection,  say,  10  seconds  after  opening  the  main  circuit. 

The  alternating  current  was  usually  obtained  from  a 
Poulsen  arc,  to  the  oscillatory  circuit  of  which  the  solenoid 
was  coupled  by  means  of  an  air-core  transformer.  The 
frequency  was  determined  in  the  ordinary  way  by  means 
of  resonant  circuits  of  accurately  calculable  frequency,, 
except  at  the  lowest  frequencies  which  could  be  deter- 
mined acoustically  by  comparing  the  note  emitted  by  the 
arc,  with  standard  tuning  forks  and  syrens. 

Tests  were  made  to  discover  the  presence  of  harmonics  ; 
at  low  frequencies  these  were  not  troublesome  but  at  very 
high  frequencies  it  was  found  impossible  to  keep  them 
down  to  a  negligible  amplitude.  The  obvious  method  of 
putting  a  condenser  in  the  secondary  circuit  and  tuning 


FiG.    II. 

it  to  the  desired  frequency,  is  very  troublesome  in  practice,, 
on  account  of  the  inconstancy  of  the  arc  frequency.  The 
presence  of  harmonics  undoubtedly  constitutes  the  prin- 
cipal source  of  possible  error  when  a  Poulsen  arc  is- 
employed  as  the  source  of  the  alternating  current. 

The  results  obtained  by  this  method  are  shown  in- 
Figs.  10  and  11.  In  Fig.  10  the  coil  consisted  of  92  turns 
of  o'264  cm.  wire  ;  the  total  length  of  the  coil  was  26-9  cm. 
and  its  external  diameter  2-86  cm.  The  ratio  of  the 
diameter  of  the  wire  to  the  pitch  of  the  turns  =  Srf 
=  3-42  X  0-264  =  0'9.  A  fair  curve  has  been  drawn 
through  the  observed  points.  A  square  wire  of  equal 
cross-section  would  have  a  side  t  =  0-234,  therefore 
St- =  079  and  V(Sr)  =  o-89.  Applying  the  formula  for  a. 
coil  wound  with  square  wire,  we  have 

Ro      r 

where  ^  =  0-152  v^/X  ^/(Si-), .-. /j  7-  =  o-03i6v//.  Thecorre- 
sponding  values  of  RJRo  can  be  read  off  the  curve  in 
Fig.  6.  These  calculated  values  for  the  equivalent  square 
wire  are  shown  by  the  dotted  curve  in  Fig.  10  ;  they  are 
about   1 1  per  cent  greater  than  the  measured  values  of 

R./R0. 

In  Fig.  II  the  coil  consisted  of  62  turns  of  wire  0-163  cm. 
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diameter  with  a  total  length  of  20-4  cm.  and  a  pitch  of 
o'33  cm.  S  rf  =  o"49.  A  square  wire  of  equal  cross-section 
would  have  a  side  r  =  o"i44  cm.,  St  =  o-436.  and  s/(Sr) 
=:o'66.     Therefore 

Ro        7 

where  13  =  0- 1 $2 ^/x  v/(Sr),  .•./3-  =  0-1044 vV-  The  dotted 
curve  shows  the  values  of  R<-/R<,  calculated  in  this  way. 
They  are  26  per  cent  higher  than  the  measured  values. 

Multi-layer  Coils. 

Exigencies  of  space  sometimes  compel  the  designer  of 
radio  apparatus  to  employ  coils  with  more  than  a  single 
layer  of  wire.  The  inductance  mcreases  as  the  square  of 
the  number  of  turns  in  a  given  length,  whereas  the  resist- 
ance to  steady  currents  is  directly  proportional  to  the 
turns.  At  high  frequencies,  however,  the  resistance  may 
be  greatly  increased  by  the  addition  of  a  second  or  third 
layer.  | 

Consider  a  long  solenoid  wound  with  three  lengths  of 
square  wire  as  shown  in  Fig.  12.  Numbering  the  layers 
from  the  outside,  the  magnetic  field  in  the  first  annular 
space  is  due  only  to  the  current  in  the  first  layer,  that  in 
the  second  annular  space  is  due  to  the  currents  in  the  two 
outer  layers,  and  that  inside  the  solenoid  to  the  total 
current.  These  fields  are  therefore  in  the  ratio  of  i  :  2  :3. 
If  the  frequency  is  very  high  the  currents  will  be  such  as 
to  prevent  the  penetration  of  these  magnetic  fields  into  the 
wires.  The  current  I  will  be  confined  to  the  inner  skin  of 
the  outer  layer,  the  lost  energj'  being  transmitted  radially 
into  the  wire  from  the  annular  gap.  The  flux  will  be  pre- 
vented from  penetrating  very  deeply  into  the  second  layer 
by  a  current  I  in  the  reverse  direction  in  its  outer  skin, 
and  a  current  2  I — the  field  being  twice  as  strong — in  the 
forward  direction  in  its  inner  skin.  Similarly  in  the  inner 
layer  the  penetration  of  flux  is  prevented  bj-  currents  of 
—  2  I  and  -|-  3  I  in  the  outer  and  inner  skins  respectively. 
The  resultant  current  is  of  course  the  same  in  every  layer, 
viz.  I.  Since  the  power  lost  is  proportional  to  the  square 
of  the  current  the  effective  resistances  are  as  follows  : — 

Table  2. 
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85 

17/3. 

25 

Hence  if  the  size  of  wire  and  the  frequency  are  such 
that  the  skin  effect  is  very  pronounced,  the  effective 
resistance    increases    much    more    rapidly    than   the   in- 


ductance as  the  number  of  layers  is  increased.  When, 
however,  the  penetration  into  the  wires  is  considerable, 
the  calculation  of  the  effective  resistance  is  much  more 
complicated.     The  sketch  on  the  right  of  Fig.  12  shows 
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Fig.  12. 


the  fictitious  transmission  lines— slightly  divergent  planes 
—by  which  we  may  imagine  the  energy  to  be  transmitted 
into  that  portion  of  the  conductor  which  lies  between 
them.  Except  in  the  outer  layer  the  transmission  lines 
have  power  supplied  to  them  at  both  ends,  with  the  condi- 
tion that  the  line  currents  at  the  two  ends  are  in  phase  and 
in  a  definite  ratio  k,  which  is  2  for  the  second  layer,  1-5  for 
the  third,  and  ;;,  (n  —  i)  for  the  ;ith  layer.    This  problem  is 
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worked  out  in  the  appendix  where  it  is  shown  that  the 
power  dissipated  in  any  layer  per  axial  centimetre  is 

P  =  /-;3pF{/3r,*) 

where  i,  is  the  imaginary  line  current  supplied  at  the  outer 
end  of  the  fictitious  transmission  line,  p  the  specific  re- 
sistance, T  the  radial  depth  of  each  layer,  and  F(/3r,  k)  a 
complicated  function,  values  of  which  are  tabulated  in  the 
Appendix. 

If  I  be  the  actual  resultant  current  in  the  coil  per  axial 
centimetre,  the  value  of  /,  for  the  <;th  la3-er  is  (»  —  i)  I,  and 

P  =  («-i)=I=/3pF037,A) 
whereas  with  an  equal  direct  current 
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Hence  for  the  wth  layer 

R,/R„=(H  — l)=/3rF(/3r,A) 

The  values  of  R^/Rc  have  been  calculated  by  this  formula 
for  the  second,  third,  and  fourth  layers,  and  the  results  are 
tabulated  both  for  the  individual  layers  and  for  the  complete 
coils. 

As  an  example  the  values  of  RJRo  for  the  second  layer 
have  been  plotted  in  Fig.  13,  the  curves  for  the  other 
layers  being  very  similar  but  to  a  different  scale. 

Table  3. 
Values  of  Re/Ro- 


Pr 

First 
Layer 

.         Two- 
Second        , 

Third 
Layer 

I-I3 

3-01 

9-76 

21-25 

3315 
42-12 

Three- 
layer 
Coil 

106 

1-94 

5-10 

10-50 

16-II 

20-40 

Fourth 
Layer 

Four- 
layer 
Coil 

0-5 

i-o 

1-5 
2-0 

25 
30 

1000 
1086 
1-376 
1-897 

2-475 

2-988 

I  05 

1-73 

4-17 

8-36 

12-70 

1608 

102 
1-41 
2-77 
5-13 
759 
953 

1-27 

4-96 

18-13 

40-70 

81-54 

III 

2-70 

836 

18-05 

35-68 

The  curves  in  Fig.  14  give  the  values  of  R^/Ro  for  coils 
with  various  numbers   of   layers.     For  high  values  of  /3  r 


Fig.  14. 

the  curves  approximate  to  the  dotted  lines  in  accordance 
■with  the  values  given  in  Table  2. 

These  curves  refer  to  -long  coils  closely  wound  with 
square  or  rectangular  wire  and  corrections  must  be 
applied  for  the  spaces  between  adjacent  turns,  and  for  the 
coil  not  being  very  long  compared  with  its  diameter.  The 
results  arc  not  affected,  however,  by  the  space  between 


adjacent  layers.  As  we  have  shown  in  the  case  of  single- 
layer  coils,  the  effect  of  spacing  between  adjacent  turns, 
if  not  excessive,  can  be  allowed  for  by  taking  the  value  of 
Rc/Ro  for  pTy/iSr)  instead  of  for  fir,  where  S  is  the 
number  of  turns  per  centimetre  and  t  is  the  side  of  the 
square.  With  round  wire  an  approximate  result  can  be 
obtained  by  assuming  it  to  be  replaced  by  square  wire 
of  equal  sectional  area. 

The  Usii  ok  Muliiply  SxRANDiio  Insulated  Wire. 

It  is  a  common  practice  to  make  wires  intended  for 
high-frequency  currents  of  a  large  number  of  small  wires, 
each  separately  insulated  and  the  whole  so  stranded  that 
every  individual  wire  occupies  in  turn  the  same  relative 
position  in  the  composite  wire.  In  this  way  the  current 
is  forced  to  distribute  itself  uniformly  betvi-een  the  indi- 
vidual wires.  It  must  not  be  assumed,  however,  that 
because  these  wires  are  of  so  small  a  diameter  that  when 
used  alone  they  exhibit  but  little  skin  effect,  the  com- 
posite wire  will  therefore  have  the  same  resistance  to 
high-frequency  currents  as  to  direct  currents.  The  author 
has  discussed  this  subject  in  detail  in  a  paper  read  before 
the  Royal  Society  in  1917,*  and  formulas  are  there  given 
both  for  straight  wires  and  for  long  single-layer  coils.  It 
is  shown  that  the  ratios  Rr/R<,  and  R//R„are  in  many  cases 
so  great  that  better  results  would  be  obtained  by  using  a 
solid  wire  even  of  the  same  copper  section.  The  solid 
wire,  can,  however,  have  a  much  larger  cross-section  of 
copper  and  still  occupy  the  same  space  in  a  coil.  Not 
only  is  the  solid  wire  much  cheaper  but  the  making  of 
end  connections  and  tappings  does  not  introduce  the 
difficulties  met  with  in  dealing  with  stranded  conductors. 
In  many  cases  in  which  the  stranded  wire  has  a  theoretical 
advantage  this  is  so  small  as  to  make  it  doubtful  whether 
the  use  of  stranded  wire  with  its  attendant  disadvantages 
is  justified. 

The  cause  of  the  high  effective  resistance  of  the  stranded 
wire  is  the  eddy-current  loss  in  the  individual  wires  due  to 
the  magnetic  field  produced  by  all  the  other  wires. 
These  losses  are  calculated  in  the  paper  referred  to  and 
the  values  of  R^^/Ro  and  R^/Ro  tabulated  in  a  form  con- 
venient for  practical  use.  As  an  example  of  the  application 
of  the  formula;  there  established  the  following  case  is 
taken.  Lindemannf  measured  the  high-frequency  resistance 
of  a  coil  of  14  turns  of  stranded  conductor  wound  on  a 
glass  cylinder  24  cm.  diameter.  The  conductor  consisted 
of  180  enamelled  wires  0-012  cm.  diameter,  arranged 
3x3x4x5,  i.e.  five  single  wires  were  first  twisted 
together,  then  four  of  these  conductors,  and  so  on.  The 
formula  for  single  layer  solenoids  is 

R,=  R„<[l  4-35-6  X   10— 6  It  f  , I' a  (Sryy 

where  ti  =  number  of  wires,  d  =  their  diameter, 
a  ^  space  factor. 

The  frequency /=:  900,000.  Assuming  a  =  0-5  and  Sr  ^0-9, 
since  although  the  turns  are  in  contact,  the  conductor  is 
round  and  not  square,  we  have 

R,  =  R„(i-f-43-i)  =  44-i  R, 

*  Proceedings  of  the  Royal  Society,  A,  igi7,  vol.  03,  p.  468. 

•f  LiNDEMANN,  Dcut .  F/iys.  GesclL,  1909,  p.  682;  1910,  p.  572;  Jalirbuch, 
1911,  p.  561.  See  also  Meissner,  Jafirbuch,  igog,  p.  57;  Moller,  AnnaUn 
der  Physik,  36,  p.  738,  1911  ;  Jahrbmh,  1914,  p.  32. 
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This  is  for  a  very  long  solenoid,  whereas  the  length  of 
Lindemann's  coil  was  only  about  one-eighth  of  the 
diameter.  For  a  very  narrow  coil  the  magnetic  field  H' 
at  the  inner  side  of  the  wire  is  little  more  than  half  its 
value  H  in  a  long  solenoid  for  the  same  number  of  ampere- 
turns  per  centimetre  and  the  edd\'-current  loss  varies  as 
the  square  of  the  magnetic  field.  From  Fig.  i6  it  is  seen 
that  for  //D  =  i,  (H7H)=  =  o-32  and  therefore 

R,/R^  =  I  +  (0-32  X  43-1)  =  I  +  13-8  =  14-8 

Lindemann's  measurements  gave  R.,R„  =  i5.  Now  a 
sohd  wire  with  the  same  cross-section  of  copper  has  a 
diameter  of  016  cm.  At  the  same  frequency  d^f=  153, 
and  Rf/Ro  for  a  long  solenoid  would  lie  between  13  and  14. 
Hence  in  this  case  the  stranded  conductor  is  inferior  to 
the  solid  wire  of  the  same  copper  section  and  would  be 
still  more  inferior  to  the  larger  copper  wire  which  could 
be  wound  in  the  same  space. 

Another  interesting  fact  which  was  shown  in  the  paper 
referred  to  w'as  that  the  minimum  high-frequency  resist- 
ance was  not  obtained  by  pntting  as  many  individual  wires 
as  possible  into  the  available  space,  but  that  there  is  an 
optimum  space-factor  beyond  w-hich  the  addition  of  more 
wires  increases  the  resistance. 

In  many  cases  the  fine  wires  are  not  distributed  uni- 
formly throughout  the  cross-section  of  the  conductor  but 
are  conlined  to  the  outer  surface,  the  wires  being  plaited 
around  a  non-conducting  core.  The  formula  can  easily 
be  modified  and  applied  to  such  cases. 

The  use  of  stranded  wires  in  coils  of  more  than  one 
layer  has  not  yet  been  considered  but  presents  no  diffi- 
culties. Numbering  the  layers  from  the  outside  the 
average  values  of  H°  in  the  first  three  layers  are  in  the 
ratio  of  I  :  7  :  19,  and  the  eddy  losses  are  proportional  to 
these  values.  Hence  in  a  two-layer  coil  the  total  eddy 
loss  is  8  times  that  in  a  single-layer  coil,  whilst  in  a  three- 
layer  coil  it  is  27  times  that  in  a  single-layer  coil.  The 
ratios  of  the  eddy  loss  to  the  steady  current  loss  are 
therefore  as  i  :  4  :  9,  and  the  formulae  become  : — 

In  a  single  layer  coil  R^^Ro/ 1 -I-356  x  10—6  nf  d*  a  (S  Tf\ 
.,  two  „  „  R,=R.{i-|-4X35-6xio— 6;i/=(/4a(S7-)"} 
„     three     „         „     R,—R,{  1+9X35-6  x  io-6;//'if««(S7-)=}- 

These  formulae  assume  infinitely  long  solenoids  ;  if  the 
coil  is  short  the  value  must  be  corrected  as  explained 
under  "  Short  Coils."  The  formulas  will  not  be  accurate 
for  values  of  Sr  less  than  about  05. 

Short  Coils. 

The  calculated  formuK-e  for  the  high-frequency  resist- 
ance of  coils  are  all  based  on  the  assumption  that  the 
coils  are  very  long  in  comparison  with  the  diameter. 
In  a  short  coil  the  density  of  the  magnetic  flux  at  the 
inner  side  of  the  wire  is  less  than  in  a  long  coil  with  the 
same  number  of  ampere-turns  per  centimetre.  The 
effect  of  spacing  between  adjacent  turns  was  shown  to 
be  equivalent  to  a  reduction  of  the  permeability  in  the 
expression  for  /3  for  a  closely-wound  coil.  The  reduction 
of  flux  density  due  to  the  coil  not  having  infinite  length 
can  be  treated  in  the  same  way.     The  value  of  R,/R/  for 


a  short  coil  can  be  read  off  the  curve  for  a  closely-wound 
infinitely  long  coil  if  instead  of  /3  i-  one  takes  the  value 

/3  7v'(S7)v/(B'/B) 

where  B  is  the  flux  density  in  a  long  solenoid  and  B'  that 
in  the  short  coil,  the  values  being  determined  at  the  inner 
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Fig.  15. 


side  of  the  wire.     The  correcting  factor  v'(S  r)  has  already 
been  discussed. 

The  ratio  B'/B  can  be  found  in  the  following  manner. 
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If  a  unit  pole  were  placed  at  P  in  Fig.  15  a  certain 
fraction  of  its  4  v  lines  of  force  would  pass  through  the 
ends  and,  in  any  small  axial  movement  of  the  pole,  would 

Table  4. 
Correction  Factors  for  Short  Coils. 


ID 

H'H 
061 

V(H'  H) 

(H'/H)' 

0-25 

078 

037 

0-5 

070 

084 

0-49 

10 

082 

0-91 

0  67 

20 

092 

096 

0-85 

40 

097 

0-985 

0-94 

not  cut  the  turns  of  the  coil,  whereas  if  the  coil  were 
infinitely  long  all  the  4  tt  lines  would  cut  the  turns.  The 
work  done  in  an  axial  movement  of  i  cm.  is  a  measure  of 
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H  and  this  is  proportional  to  the  number  of  lines  cutting 
the  coil.  The  calculation  resolves  itself  into  a  deter- 
mination of  the  solid  angle  subtended  at  P  by  the  discs 
forming  the  ends  of  the  coil.  The  author  has  calculated 
the  ratio  H'/H  for  various  values  of  //D  and  the  results 
are  shown  in  Table  4  and  in  Fig.  16. 

The  effect  on  R^/R/  of  multiplying  /3r  by  v'(HVH)  may 
be  small  or  great,  depending  on  the  value  of  /3r,  as  can 
be  seen  from  Fig.  6. 

In  the  case  of  multiply  stranded  insulated  wire  the 
eddy-current  loss  in  the  individual  wires  is  proportional 
to  H=.  In  this  case  the  term  in  the  expression  for  R./R„ 
which  depends  on  the  eddy-current  loss,  that  is,  the 
second  term,  must  be  multiplied  by  (H'/H)-.  An  example 
of  this  correction  occurred  when  considering  tlie  experi- 
mental result  obtained  by  Lindemann. 


APPENDIX. 

Dissipation  of  Power  in-  a  Line  Supplied  from 
Both  Ends. 


V,  =  \%  cosh  ar  +  u  v^(Z/Y)  sinh  a  r 
i\  =  i,  cosh  ar  -\-\\  ^/(\IZ)  sinh  a  r  . 
Z  \  ?',  —  i,  cosh  a  t 


From  (2)  V,=(y|)A 

From  (i)  and  (3) 


sinh  a  t 


(I) 
(2) 

(3) 


Z\   i  I,  —  U  cosh  rt  r  ,  ,     •     •    1  \  I   \ 

' cosh  ar  -\- 1,  sinh  rt r  H4 1 


^'~\\'\}\        sinh  .17- 


If  /,  and  i,  are  in  phase  and  i\=:ki,,  the  power  sup- 
plied to  the  line  at  the  end  (i)  =  P,  where 


P,  =  V.  /.  cos  0, 


—  cosh  a T 
sinh  ar 


cosh  rt  r  -(-  sinli  «  r  [■ 
(real  part  only)     (5) 


^^////////////,y/////////////////////////////^////////M//y//yyy„^ 
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Fig.  17. 
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The  power  supplied  to  the  end  (2)  of  the  line  is  from 
equation  (3) 

/Z\     k  —  cosh  a  t 


p,=-v./=cos^,  =  -,-(y|) 


sinh  a  r 
(real  part  onh') 


Hence  the  total  power  P  =  P,  -f  P,  =  the  real  part  of 

.;(y^)j(.-cosh..)pi3^)  +  .sinh..}(,) 
In  the  present  case 

where;3  =  2V(ro^)-* 

AlsOrt  =  v/(Z  Y)  =/3-fya     viitha  =  fi. 
Resolving    cosli   a  t  and   sinh   a  t   into   their   real   and 
imaginary  components,  we  have 

cosh  II  T  =  111  +j/!  =  cosh  /3  T  cos  (St  -\-  /  sinh  /3  r  sin  ji  t. 
sinh  a  r  ^p  -f  y'y  =:  sinh  ^  r  cq^  t^  ^  +J  cosh  ji  t  sin  /3  r. 


Substituting  these  in  Equation  (7)  we  have  P  =  the  real 
part  of 

il^pil+j-)\(k-  1,1  -J  ,1)  {^'"'plY^~')  +  X-/  +  j  k  q  \ 

Tlierefore 


P  =  /^  /3  p  I  f!"|"  ^^  ik'  III  -1-  III  +  k  If-  —  k  III-'  —  /•) 

L  (/..  „j^„-2kiiiii)+k(p-g)'^ 


P  —  Q 

=  /:i3pF(/3r,/!-) 


where  F  (j8  j-,  /J)  signifies  that  function  of  /3  r  and  k  within 
the  brackets.  This  function  has  been  calculated  for  a 
number  of  values  both  of  /3  r  and  of  /•  and  the  values  are 
tabulated  in  Table  5. 

Table  5. 

Values  of  F  (il-.k). 


(6) 


Ht 

«  =  2 

«  =  3 

n  =  4 

ft=2 

*  =  i-5 

A  =  1-33 

05 

2-093 

0-566 

0283 

10 

1-727 

0753 

0551 

1-5 

2-780 

1-626 

1343 

20 

4-18 

2652 

2262 

25 

5081 

477 

t  — 

30 

536 

351 

3-02 

*  Journal  I.E.E.,  1916,  voL  54,  p.  474. 


Discussion. 


Professor  C.  L.  Fortescue  :  The  first  part  of  the 
paper,  namely  that  dealing  with  a  straight  wire,  is  really 
the  method  given  by  Lord  Rayleigh  and  Lord  Kelvin, 
but  explained  in  a  very  ingenious  way.  For  students, 
or  for  engineers  who  ha\'e  studied  the  transmission  of 
power  along  definite  lines  at  moderately  high  frequencies, 
the  idea  of  the  power  transmission  into  the  conductor  is. 


I  think,  extremely  valuable  :  but  for  others  who  perhaps 
ha%'e  not  thought  so  much  about  that,  I  am  not  sure  that 
the  same  results  cannot  be  obtained  more  simply  by 
considering  the  eddy  currents  and  that  the  same  graphi- 
cal method  cannot  be  applied.  It  would  be  of  interest 
to  know  if  the  author  has  considered  whether  one 
cannot  derive  the  results  from  simply  a  straightforward 
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consideration  of  the  eddy  currents  in  the  conductors. 
Pzissing  on  to  the  coils,  which  I  consider  to  be  really  the 
important  part  of  the  paper,  there  are  two  very  serious 
difficulties  which  the  author  has  indicated  more  or  less 
clearly.  There  is  the  distribution  of  the  magnetic 
fields  between  the  individual  conductors.  That  is  an 
extremely  difficult  problem,  and  the  way  in  which  the 
product  S  r  enters  into  so  many  of  the  equations,  and 
the  fact  that  S  r  has  to  be  estimated  in  the  first  case, 
indicates,  I  think,  quite  clearly  the  extreme  difficulty 
of  allowing  for  the  lines  between  the  turns  of  the  wire. 
The  second  difficulty  is  that  due  to  the  main  flux — the 
main  magnetic  field  produced  b}'  the  current  in  all  the 
turns.  It  will  be  observed  that  except  just  at  the  end 
the  author  has  calculated  his  formuhe  for  long  solenoids. 
Those  results  are  very  valuable,  but  unfortunately  the 
short  solenoid  is  the  important  practical  case,  and  it 
becomes  a  question  how  far  the  method  of  correction 
the  author  has  suggested  actually  works  out  in  practice. 
I  have  tried  one  or  two  points,  comparing  the  results 
given  in  the  paper  with  the  results  obtained  from  cur\es 
in  which  allowance  is  made  for  the  end  effects  of  the 
coils,  and  I  find  that  for  coils  in  wliich  the  diameter  is 
roughly  the  same  as  the  length  the  author's  method 
■of  correction  works  quite  well.  It  really  comes  to  this  : — • 
The  author  still  assumes  the  same  distribution  of  hues 
•even  for  the  short  coil,  but  he  reduces  the  flux  on  the 
inside  and  calculates  on  that  basis.  Actually  the  lines 
are  dividing  and  bending  round.  How  the  correction 
will  work  if  it  comes  to  a  case  of  a  pancake  coil  in  which 
the  diameter  may  be  lo  times  the  length,  I  do  not  know. 
It  presents  a  very  difficult  problem  indeed.  To  pass 
on  to  the  question  of  the  use  of  stranded  wire  ;  both  in 
the  Royal  Society  paper  and  in  the  extracts  which  the 
author  has  given,  it  is  rather  impUed,  I  think,  that 
stranded  vnre  has  no  very  great  practical  appUcation. 
Curves  were  prepared  which  have  been  available  for  the 
use  of  a  considerable  number  of  people  in  the  course 
•of  the  last  5  years,  and  when  properly  used  I  think  that 
•stranded  wire  is  thoroughly  justified.  Itmeans,  of  course, 
a  great  deal  of  extra  work.  To  make  all  the  connections 
is  extremely  difficult.  Moreover,  if  one  takes  a  stranded 
wire  of  perhaps  over  1,000  single  parts,  the  production 
of  a  few  thousand  yards  of  this  wire  means  a  few  milhon 
yards  of  the  fine  wire.  That  makes  it  very  expensive. 
But  there  is  no  doubt  that  wherever  overall  dimensions 
present  any  difficulty  at  all  the  stranded  wire  is  really 
the  only  solution.  If  one  takes  high-power  continu- 
ous-wave transmission  above  perhaps  1,000  metres, 
unless  one  is  prepared  to  go  in  for  coils  of  the  order  of 

5  or  10  feet  in  diameter  and  an  axial  length  of  perhaps 
4  or  5  feet,  the  stranded  wire  is  essential  and,  of  course, 
the  multiple-layer  coil  is  also  essential.  Dimension 
for  dimension,  given  the  same  volume,  the  stranded 
wire  will  nearly  always  give  a  lower  resistance  than  a 
•solid  wire,  or  a  single-layer  coil.  I  have  worked  out 
one  simple  case  to  illustrate  that  point,  and  I  have 
intentionally  chosen  a  coil  in  regard  to  which  I  suppose 
nine  designers  out  of  ten  would  not  even  think  of  putting 
in  stranded  wire.      I    have    taken    a    single-layer    coil 

6  inches  long  and  6  inches  in  diameter  with  48  turns. 
That  gives  a  coil  of  about  220  micro-henries  inductance, 
•such  as  might  be   used   for  a   small   valve  transmitter, 


for  example,  over  a  range  of  from  about  600  to  1,000 
metres.  No.  14  S.W.G.  soUd  wire  giving  a  considerable 
amount  of  spacing  provides  about  the  lowest  resistance. 
It  is  between  11  and  12  ohms.  If  one  completely  fills 
the  space — a  No.  11  S.W.G.  solid  wire  will  just  about 
do  so — the  resistance  is  sUghtly  larger,  about  5  or  10 
per  cent.  With  a  stranded  wire  made  up  of  81  wires 
of  No.  38  S.W.G.,  the  resistance  decreases  to  from  08 
to  09  ohm.  That  is  a  30  per  cent  decrease  in  the  resist- 
ance, which  means  possibly  a  20  per  cent  increase  in 
the  radiation  from  the  aerial  and  is  all  to  the  good.  So 
that  even  in  this  case  where  one  would  ordinarily  use 
a  solid  wire,  the  stranded  wire  has  really  a  very  marked 
advantage,  and  when  one  comes  to  multiple-layer 
coils  it  becomes  practically  essential.  Perhaps  one  of 
the  outstanding  points  of  the  paper  is  the  practical 
impossibiUty  of  calculating  these  resistances  accurately. 
This  has  been  very  much  impressed  on  the  minds 
of  all  who  have  been  endeavouring  to  calculate  these 
resistances,  and  for  accurate  work  it  seems  essential  to 
depend  on  practical  measurement.  At  the  present 
time  I  believe  the  National  Physical  Laboratory  are 
endeavouring  to  measure  the  resistance  of  coils  quite 
accurately.  I  do  not  know  what  method  they  have  in 
view,  but  I  think  the  thermal  method  used  by  the  author 
is  really  the  only  rehable  one.  A  calorimeter  method 
is  the  only  one  that  can  be  relied  on,  because  it  is  the 
only  method  which  measures  the  heat  generated.  If 
one  uses  bridge  methods  or  resonant  methods,  where 
one  has  to  adjust  to  a  peak  value  of  the  current,  to 
halve  the  current,  and  so  on,  one  is  never  quite  sure  that 
one  has  really  got  those  peak  values.  That  particu- 
larly appUes  to  the  case  of  coils  which  have  a  very  low 
power  factor-^where  one  is  working  with  less  than 
I  ohm  per  1,000  micro-henries.  That  is  the  kind  of 
coil  that  it  becomes  very  important  to  measure,  and 
getting  down  to  these  very  low  power  factors,  by  any 
resonant  or  bridge  method  is  equivalent  to  trying  to 
weigh  milligrammes  with  a  2  or  3  lb.  weight  on  each  side 
of  the  scale.  The  author  has  given  curves  of  his  own 
results  in  Figs.  10  and  11  in  which  the  calculated  results 
are  rather  higher  than  the  observed  ones.  He  says 
nothing  of  any  correction  for  the  capacity  of  the  coils. 
If  that  correction  were  appreciable,  it  would  possibly 
bring  the  dotted  fines  on  to  the  calculated  fines  and  make 
the  results  even  better  than  he  has  assumed.*  One 
notices  that  Esau's  figures  fit  in  quite  well  with  the  cal- 
culations, and  it  would  be  rather  interesting  to  know 
what  the  method  of  measurement  was — whether  it 
was  the  bridge  or  the  resonant  or  the  thermal  method. 
In  conclusion,  I  do  not  know  whether  the  author  has 
attempted  to  measure  the  resistance  losses  in  a  condenser 
by  the  same  method.  It  is  an  extremely  important 
point.  In  many  cases  the  resistance  of  a  condenser 
is  assumed  to  be  nil,  but  in  practice  even  a  good  air 
condenser,  owing  to  insulation  losses  and  so  on,  may 
have  a  loss  equivalent  to  4  or  5  ohms. 

Mr.  P.  R.  Coursey  :  I  should  Uke  to  make  a  few 
remarks  about  the  subject  of  high-frequency  resistance, 
more  from  the  practical  point  of  view  than  from  the 
mathematical  side   that   is   dealt   with   in   this   paper. 

•  (Communicaltd)  :  This  is  incorrect.  As  stated  by  Mr.  Coursey,  the 
capacity  correction  is  in  the  opposite  direction  and  makes  the  difference 
between  the  observed  and  calculated  results  greater  instead  of  less. 
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Professor  Fortescue  has  just  mentioned  the  self-capacity 
correction  for  the  resistance  of  the  coil,  but  it  seems  to 
me  that  that  correction  is  in  the  opposite  direction  to 
what  he  says.  I  tliink  Lindemann's  formula  for  this 
correction  comes  down  to  this,  usuig  the  notation  of 
the  paper  : — 


where  R£  =  the  measured  effective  resistance  of  the  coil, 
Rj=the  true  effective  resistance, 
w  =  2  77  X  frequency, 
Co=self-capacity  of  the  coil. 
Lo=inductance  of  the  coil. 

The  effect  of  this  correction  is  surely  to  make  the 
experimental  values  higher  than  the  calculated  ones. 
In  that  case  it  would  tend  to  depress  the  full-line 
curves  in  Figs.  lo  and  ii  in  the  paper,  instead  of  to  raise 
them.  As  a  point  of  interest  in  connection  with  the 
correction  for  the  length  of  the  coil  as  given  by 
the  author,  I  have  worked  out  a  few  examples  with 
the  help  of  his  formulje,  in  order  to  compare  them 
with  some  experimental  measurements  that  I  happen 
to  have  on  hand.     Some  of  them  are  as  follows  : — 


Coil 
Diameter 
(Indies) 

Coil 
Length 
Diameter 

Wave- 
length 
(Metres) 

Experi- 
mentally 
Measured 
R'jRo 

Rc/Ro 

corrected 

for  Co,  from 

RJ/Ro 

RcRo 
calculated 

from 
Formula 
in  Paper 

3 

0-905 

760 

7-6 

6-5 

4-9 

3 

0-905 

1,000 

5-85 

5-32 

4-27 

3 

0-905 

1,400 

4-72 

4-50 

3-61 

4 

I -175 

1,400 

3-36 

2-80 

2-80 

4 

I -175 

1,980 

2-47 

2-26 

2-31 

4 

I -175 

2,420 

2-34 

2-21 

2-  10 

5 

I  -015 

2,420 

1-63 

I -19 

1-50 

5 

I  -015 

3.690 

I  -26 

I  •  II 

1-25 

5 

I  015 

4.850 

i-i8 

I  -  10 

1-15    , 

It  is  perhaps  interesting  to  note  that  the  tendency  seems 
to  be  that  the  greater  the  wave-length  the  more  nearly 
do  the  calculated  and  experimental  values  come  into 
agreement  The  experimental  ratios  become  lower  than 
the  calculated  ones  for  the  larger  wave-lengths,  whereas 
they  are  higher  for  the  smaller  ones.  The  table  also 
illustrates  the  magnitude  of  the  self-capacitj-  correction 
mentioned  above,  and  shows  that  in  most  cases  it  brings 
the  two  sets  of  values  of  Rc/I?o  niore  nearly  into  agree- 
ment. These  measurements  were  made  with  a  deflectional 
method  by  adding  resistance  to  the  circuit  and  noting 
the  decrease  in  current.  This  is  very  much  quicker 
than  the  calorimeter  method,  although  this  and  all  such 
similar  arrangements  give  the  resistance  of  the  entire 
high-frequency  circuit,  instead  of  just  the  coil  resistance. 
Allowances  must  therefore  be  made  in  the  readings 
lor  the  effective  resistance  of  the  remainder  of  the 
circuit  (including  the  condenser)  at  the  frequency  used. 
It  should,  however,  be  mentioned  in  connection  with  the 
calorimeter  method,  that  it  necessitates  the  use  of  much 
larger  currents  than  the  coils  are  often  required  to  carry 


when  in  normal  use.  Tlais  may  involve  a  considerable 
extra  loss  in  the  dielectric  surrounding  the  wire,  par- 
ticularly if  the  wire  is  covered  with  cotton  or  anything 
of  that  nature.  Even  with  air  insulation,  if  the  voltage 
on  the  coil  is  liigh  (as  when  carrying  a  large  current), 
there  may  be  some  loss  due  to  brushing.  Such  a  loss 
is  known  to  be  appreciable  in  .some  forms  of  air  con- . 
densers,  and  it  is  possible  that  it  maj^  also  have  some 
effect  even  with  air-insulated  coils,  and  particularly 
with  multi-layer  ones. 

Mr.  H.  W.  Taylor  :  On  page  152  of  the  paper 
the  author  says  :  "In  the  ordinarj'  telephone  trans- 
mission the  energy  is  propagated  through  a  medium 
of  air  or  guttapercha  :  here,  however,  the  energy  is 
propagated  through  copper."  I  think  that  this  state- 
ment can  with  advantage  be  made  more  general  as 
follows  :  "In  any  form  of  transmission  the  energy  is 
propagated  both  outside  and  inside  the  conductor  by 
virtue  of  the  fluxes  which  whirl  both  outside  and  inside 
the  substance  of  the  conductor  :  in  the  case  of  the 
fluxes  which  whirl  inside  the  conductor,  some  of  the 
energy  is  dissipated  because  of  the  comparatively  good 
electrical  resistance  of  the  conductor  :  in  the  normal 
case  the  fluxes  outside  the  conductor  do  not  give  rise 
to  a  dissipation  of  energi,-,  but  when  the  conductor  is 
surrounded  either  partly  or  wholly  by  a  conducting 
medium,  then  in  this  case  energy  is  also  dissipated 
outside  the  conductor."  In  the  study  of  all  eddj-- 
current  problems  it  is  very  important  to  recognize  the 
distinction  between  the  two  cases  just  mentioned,  and 
as  an  illustration  I  would  refer  to  the  problem  of  the 
high-frequency  resistance  of  a  multi-layer  coil  considered 
by  the  author.  This  problem  is  -^'ery  closely  allied  to 
the  problem  of  the  eddy-current  losses  in  conductors 
I  retained  in  alternator  slots.  It  can  be  shown  by  simple 
physical  reasoning  that  the  impedance  factor  of  the 
bottom  conductor,  which  corresponds  to  the  outside 
layer  of  a  coil,  may  be  expressed  in  the  form  of  a  complex 
hyperbolic  cotangent  as  follows  : — 

/3r(l-f-;)coth/3r(l-|-y) 

while  the  impedance  factor  of  conductors  higher  in  the- 
slot  corresponding  to  the  inner  layers  of  a  coil,  may  be 
expressed  by  an  additional  term  in  the  form  of  a  complex 
hyperboUc  tangent  as  follows  : 

2  («'  — n)  /J-  (i+j)  tanh/3r  {i  +  j), 

this  term  arising  from  the  fact  that  the  inner  layers 
forni  a  conducting  medium  in  the  field  of  the  outer 
layers.  When  the  average  loss  factor  of  a  number  of 
conductors  or  layers  is  required,  the  coefficient  2  {n^—n) 
in  the  last  expression  must  be  replaced  by  f  («^  —  1). 
All  the  symbols  in  the  above  expression  are  as  used  by 
the  author.  The  real  and  imaginary  portions  of  the 
above  functions  may  be  readily  found  in  terms  of 
ordinary  hyperbolic  and  circular  sines  and  cosines,  the 
real  portion  being  the  resistance  factors  and  the  imaginary 
portion  the  reactance  factors  in  terms  of  direct-current 
resistance.  The  real  portion  of  the  first  expression  has 
already  been  plotted  by  the  author  in  Fig.  6,  but  for  the 
convenience  of  reference,  all  the  curves  relating  to  both 
functions  are  plotted  in  Fig.  A  herewith.  These  curves- 
may  be  readily  used  to  calculate  the  resistance  of  a  coil 
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with  any  number  of  layers,  and  all  the  figures  given  in 
Table  3  have  been  checked  in  this  wa)'  and  the  missing 
figures  in  the  fifth  line  have  been  found  to  be  63-7  and 
28-1.  It  should  be  understood  of  course  that  these  and 
also  the  author's  formulae  apply  only  when  the  inside  and 
outside  radii  of  the  coil  are  comparable.  When  the  in- 
side of  the  coil  is  small  compared  with  the  outside,  as  in  a 


strips  in  Fig.  C  is  small,  this  arrangement  is  better,  but 
it  must  not  be  overlooked  that  if  fir  of  the  individual 
conductor  is  larger  than,  say,  i  to  I'lj,  depending  upon 
the  number  of  conductors,  less  loss  will  result  by  re- 
ducing the  section  of  the  conductor  (as  in^  Fig.  D)  and 
increasing  the  apparent  current  density. '  With  regard 
to   the  formulas   in   the    first  column  on    page    153.    I 


2-0 

Values    of   fir 
Fig.  a. 
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pancake  coil,  the  coefficients  2  (n'  —  n)  and  |  (w^  —  i)  must 
be  replaced  for  exact  calculation  by  eUiptic  functions, 
and  when  the  inside  and  outside  radii  of  the  conductor 
itself  are  not  comparable  with  one  another,  the  com- 
plex hyperbolic  functions  must  be  replaced  by  complex 
Bessel  functions.     On  page  159  the  author  discusses  the 


think  the  constant  term  of  025  is  unnecessarj'.  The 
formula  given  by  the  author  for  the  equivalent  depth 
of  penetration  applies  to  flat  strips  only,  and  for  round 
wires  a  correction  has  to  be  made,  as  the  author  himself 
seems  to  indicate  later  on  page  154.  He  says  "  The  same 
result  would  be  caused  by  a  decrease  in  the  permeability 
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Fig.  B. 


Fig.  C. 


Fig.  D. 


losses  in  multi-layer  coils  with  reference  to  the  number 
of  layers.  Such  a  problem  usually'  takes  the  form  of 
fining  a  space  already  decided  upon  for  other  reasons 
with  a  coil  of  copper  in  such  a  way  that  the  loss  may  be 
a  minimum.  The  space  may  be  filled  in  many  ways, 
of  which  the  two  indicated  in  Figs.  B  and  C  are  possible 
extremes.     As  long  as  the  value  of  /3  r  for  the  individual 


and  either  would  lead  to  an  increased  penetration. "^ 
That  is,  the  curvature  of  the  surface  of  the  conductor 
leads  to  sHghtly  increased  penetration.  I  think  if  he 
makes  a  coiTection  for  this  in  his  derivation  of  the 
formula  he  will  find  that  the  025  will  disappear,  leaving 
the  formula;  as  Lord  Rayleigh  originally  gave  it.  I 
should  like  to  suggest  that  the  formula;  near  the  bottom 
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of    the  first   column  of  page  154  of  the  paper,   might 
be  put  in  a  more  convenient  form,  thus  : 


R 


Ro 


-'  =  !+■ 


45 


(/3r)^ 


and  that  it  may  be  safely  used  for  values  of  /3  r  up  to  I'l. 

Similarly,  the  corresponding  approximate  form  for  the 

R/  (B  d)* 

loss  factor  of  round  wires  is  -  ■^  =  1+  ^~'-~,  where  R  is 

Ro  768 

the  radius  of  the  conductor  in  centimetres,  and  tliis 
formula  may  be  safely  used  for  values  oi  fl  d  up  to  38. 
This  approximate  formula  for  small  round  wrcs  supple- 
ments the  approximate  formula  given  by  the  author 
for  large  round  wires.  They  were  both  originally  given 
by  Lord  Rayleigh  {Philosophical  Magazine,  Ser.  5, 
1886,  vol.  21,  p.  387). 

Mr.  F.  Murphy  :  I  am  afraid  that  many  of  these 
formulae  are  so  laborious  that  one  is  practically  forced 
to  adopt  some  foiin  of  measurenaent.  In  addition  to 
that,  each  designer  has  certain  physical  considerations 


H.T.itidins 
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Fig  E." — Diagram  of  connections  for  measurement  of 
effective  resistance  of  oscillatory  circuits  at  radio 
frequencies. 

to  which  he  has  to  conform,  and  he  cannot  take  the 
simple  cases  which  are  given  in  the  paper  and  work 
on  those.  For  example,  in  the  case  of  aeroplanes, 
we  have  to  squeeze  our  loading  coil  into  the  smallest 
possible  space,  and  we  cannot  use  a  straightforward 
single-layer  coil.  Referring  to  Fig.  12,  the  author 
quotes  a  case  of  a  multi-layer  coil  of  square  wire.  I 
should  like  his  opinion  as  to  the  relative  high-frequency 
resistance  of  a  single-layer  coil  of  square  wire  as  compared 
with  a  flat  spiral  square  wire  of  the  same  mean  diameter  ; 
that  is,  if  we  imagine  in  Fig.  12  the  inner  and  outer 
layers  omitted  and  a  corresponding  spiral  made  up  with 
the  square  wire  on  edge.  Another  point  I  should  like  to 
raise  in  connection  with  high-frequency  resistance  is 
the  effect  of  the  dielectric  losses.  In  making  up  small 
coils  where  space  is  an  essential  factor,  one  is  forced 
to  use  some  dielectric  other  than  air  between  the  turns. 
Take  a  case  of  braided  strip  coil ;  we  undoubtedly  get 
in  a  transmitter  the  dielectric  subjected  to  a  fairly 
considerable  high-frequency  voltage,  and  it  would  seem 
that  the  dielectric  loss  must  be  a  fairly  considerable 
factor  in  the  total  high-frequency  resistance.  Fig.  E 
shows  a  diagram  of  connections  of  a  method  which  I 
have  found  very  suitable  and  convenient  for  nieasuring 


high-frequenc)'  resistances.  It  consists  essentially  of  an 
oscillatmg  valve,  and  included  in  the  inductance  portion 
of  the  anode  circuit  is  a  non-reactive  resistance  and  a 
hot-wire  ammeter.  Across  that  hot-wire  ammeter  and 
non-reactive  resistance  is  either  an  aerial  circuit  or  the 
inductance  coil  to  be  measured  with  an  air  condenser 
in  series  to  which  the  anode  circuit  is  tuned.  Since 
the  oscillatory  circuit  under  test  is,  as  a  whole,  non- 
reactive,  the  current  in  the  ammeter  A^,  multiplied 
by  the  high-frequency  resistance  of  this  circuit,  gives 
us  the  voltage  across  the  non-reactive  resistance  and 
the  ammeter  A,.  Hence  all  that  is  necessary  to  do  is 
to  take  the  values  of  the  two  ammeter  readings,  and 
knowing  the  value  of  the  non-reactive  resistance  in 
the  anode  circuit,  we  obtain  the  high-frequency  resist- 
ance by  multiplying  the  non-reactive  resistance  by 
the  inverse  ratio  of  the  two  ammeter  readings.  The 
value  of  the  method  lies  in  its  simplicity.  It  is  quite 
possible  to  take,  say,  a  curve  connecting  the  high- 
frequency  resistance  of  an  aerial  with  the  wave-length 
over  quite  a  fair  range  in  half  an  hour.     In  addition 
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Fig.  F. — Effective  resistance  of  single-wire  aerial  system. 

to  that  it  is  a  method  wliich  is  quite  applicable  to  take 
into  the  air,  and  this  is  scarcely  true  of  any  of  the  other 
methods.  Fig.  F  shows  a  curve  wliich  was  taken  of 
an  ordinary  single-wire  aerial.  The  points  lie  fairly 
well  on  the  curve,  which  seems  to  point  to  the  fact 
that  the  method  is  fairly  accurate.  As  a  check  on  the 
method  for  measuring  the  high-frequency  resistance  of 
coils  I  tried  the  effect  of  adding  to  the  oscillatory  circuit 
under  test  a  non-reactive  resistance  of  a  known  value, 
and  again  measuring  its  resistance  by  this  method. 
The  known  value  of  the  non-reactive  resistance  was 
14  ohms,  and  checking  it  by  this  method  it  came  out 
at  I3'5,  which  seems  fairly  reasonable,  as  the  ammeters 
available  for  the  test  were  not  of  the  first  order  of 
accuracy. 

Mr.  R.  C.  Clinker  :  The  author  has  a  way  of 
presenting  these  problems  which  appeals  to  those  who 
are  not  strong  on  the  mathematical  side,  and  which 
makes  the  subject  most  attracti\'e.  There  is  one  ques- 
tion I  should  like  to  ask  him  with  regard  to  the  first 
column  on  page  158  where  he  describes  the  tests  made. 
Is  it  possible  in  such  a  method  that  any  inaccuracy 
might  be  introduced  owing  to  the  heating  of  the  coil 
through  which    the   high-frequency  current  is    passing 
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being  not  necessarily  uniform  ?  That  is  to  say,  the 
direction  of  the  flux  not  being  parallel  to  the  axis  of 
the  coil  near  the  ends  might  produce  more  heating  in 
some  of  the  turns  than  in  others  ;  -whereas,  when  one 
passes  a  direct  current  through  it  one  gets  uniform 
heating  throughout  the  coil.  I  notice  the  temperature 
was  measured  at  the  centre  of  the  coil.  That  does 
not,  of  course,  give  the  mean  temperature  throughout 
the  coil. 

Dr.    W.   H.   Eccles  :    The    author    has    been    very 
modest  about  the  amount   of  new  information   given 
in  the  paper,  but  I  appreciate  that  some  of  these  curves, 
like  Figs.  9,  10  and  11,  for  example,  are  very  considerable 
contributions    to    our    knowledge.     The    points   that    I 
might  refer  to  in  a  critical  spirit  are  as  follows  :    To 
begin  with, there  is  the  author's  treatment  of  the  multiple- 
layer  coils.     Usually  one   builds   a   multiple-layer   coil 
to  make  an  inductance  of  a  stated  amount,  and  one 
needs  a  much  smaller  length  of  wire  if  one  makes  the 
coils  in  layers  rather  than  in  a  single-layer  solenoid. 
I  would  ask  the  author  if  he  has  taken  that  into  account 
in  comparing  the  losses  in  coils  designed  for  the  same 
work.     Then,  again,  as  regards  stranded  wire,  I  know 
that  the  author  has  long  urged  that  stranded  wire  is 
of    little    advantage  ;     but    other    people    are    equally 
emphatic  that  it  is  indispensable.     I   must  say   I  am 
just  as  unsettled  as  ever  after  reading  this  paper  and 
after    Professor    Fortescue's    comments.     I    think    we 
must  still  keep  an  open  mind  as  regards  which  is  the 
better  in  the  various  problems  that  arise  in  practice. 
But,  of  course,  the  "  nigger  in  the  woodpile  "  in  both 
the  calculation  and  the  measurement  of  high-frequency 
resistance  is  the  capacity  between  the  turns  and  the 
body  capacity  of  a  coil  to  its  surroundings.     Take  a 
coil  and  measure  it  at  different  wave-lengths  approaching 
its  natural  wave-length.     We  may  do   this  b)-  passing 
current  through  it  and  through  measuring  instruments 
in   series.     When   at   its   natural  wave-length  there  is 
a   big   voltage   between   its   terminals   and   practically 
no  current  flowing  into  it,  and  yet  if  we  measure  the 
current   at  the  middle  we  find   a   high   value.      Some 
observers   have   measured   the   current  at  the   middle, 
and  others  at  the  ends,  and  they  have  obtained  very 
different  results.     This  is  true  whether  the  measurement 
is   made    by    an    ammeter   or   by   the    substitution   of 
resistances  in  series  with  the  coil,  as  I  think  Mr.  Coursey 
has  done.     I  think  I  know  of  papers  which  claim  to 
show  that  the  resistance  of  a  coil  increases  to  infinity 
at   its   natural  wave-length.     It  is   all  on   account   of 
disregarding  the  effects  of  distributed  capacity.     That 
is  what  really  surprises  me  in  some  of  Somnaerfeld's 
work.     Take   Fig.    g  ;     Sommerfeld   himself,    and   Pro- 
fessor  Howe   following   him,    have   quite   freely   extra- 
polated to  infinity.     The  curves  say  that  at  a  certain 
frequency  the  coil's  resistance  would  be  so-and-so;  but 
at  that  frequency  there  would  be  nodes  and  loops  upon 
it,   which  would   alter  the  distribution  of  the   energy 
absorption   and   would   make   the   resistance   different. 
Vcirious  modes  of  correcting  for  the  effect  are  available 
but     are    difficult     in     application.      Therefore    much 
depends,    in    criticizing    any    particular    experimental 
results,  on  the  method  of  measurement  and  correction 
adopted  by  the  investigator,   and  it  is  wise  never  to 


trust  anything  fully  until  one  has  had  an  opportunity 
of  seeing   exactly   what  the   investigator   did.     Unfor- 
tunately, when  the  investigator  does  not  reahze  fully  the 
importance  of  this  matter,  he  does  not  give  us  enough 
data      I  luiow  of  several  cases  where,  on  inquiring  in 
regard  to  the  method  the  author  used,  one  finds  he  has 
left  out   something  absolutely  necessary  for  the  critical 
examination    of    Iris    method.     Finally,    I    must    refer 
briefly  to  another  effect  of  the  capacity  of  the  windings, 
namely,  the  distortion  of  the  current  stream  lines  in 
the   skin   of   the   metal.     This   appears   to   have   been 
neglected  by  most  writers  on  the  subject  ;    nearly  all 
writers  assume  that  the  magnetic  flux  moves  without 
regard    to  the  motion  of  the  lines  of  electric  force,  and 
this  is  probably  not  justifiable  at  very  high  frequencies. 
Mr.   J.   Hollingworth   {cominunkated)  :   The  author 
has  here  tackled  a  problem  of  great  complexity.     All 
who   attempt  to   deal   with   the   mathematical  side  of 
wireless  telegraphy  are    at    once    confronted  with  the 
problem  that  it  is  absolutely  necessary  to  make  assump- 
tions in  order  to   reduce  the  analysis  to   a  workable 
amount,     and    it    is    ven,'    difficult    to    tell    without 
experimental  ^•erification  whether  the  factors  neglected 
may  not  prove  to  be  the  vital  ones  determining  the 
result.     Fig.    9   is   verj-   interesting,    though,    as   often 
happens,   in    data  collected  from   various    sources    the 
results    of   each    observer    tend    to    form    a    group    by 
themselves    and    so    make    comparison    more    difficult. 
Broadly   speaking,    however,    the   experimental    values 
of  Re/R/seem  to  come  greater  than  the  calculated  ones. 
Is  it  possible  that  this  is  due  to  the  capacity  between 
the  various  turns  of  the  coil,  not  necessarily  adjacent 
ones  ?      Of  course,  if  the  coil  under  test  is  not  part  of 
a    tuned    circuit,    the    voltage    between    turns    will    be 
small,  but  of  the  energj'  radiated  outwards  from  any 
individual  turn  a  certain  proportion,  depending  on  the 
value  of  S  d,  will  be  re-absorbed  by  other  turns.     Also 
the  current  distribution  will  be  affected,  and  the  geo- 
metrical centre  of  the  coil  where  the  thermo-couple  was 
placed  may  cease  to  be  the  mean  position  electrically. 
This  effect  will  be  very  much  magnified  when  higher 
haiTnonics  are  present  in  the  wave-form,  not  only  due 
to  the  fact  that  owing  to  their  higher  frequency  they 
will  pass  more  freely  through  such  capacities,  but  also 
due  to  the  dangers  of  local  resonance.     It  would  be 
interesting    to    know    the    effect    of    the    damping    on 
high-frequency     resistance.     The     results     quoted     are 
partiallj'-   spark    and    partially   continuous    oscillations. 
Experience  in  the  reception  of  continuous  oscillations 
seems  to  point  to  the  fact  that  a  much  higher  resistance 
is    possible    than    when    receiving    damped    wa^■es.     I 
have  in  an  extreme  case  connected  the  filament  of  a 
200-volt  i6-c.p.  carbon  lamp  into  a  closed  coil  recei^^ng 
circuit  without   causing  a  very  great  reduction  in  the 
continuous-wave  signal  strength.     Tliis  effect  may,   of 
course,     be    involved    with    the    theory   of    optimum 
heterodvTie  reception  about  which  not  much  is  known 
at  present.     Under  these  conditions,  however,  a  spark 
station    was     rendered    practically    inaudible.     I     am 
inclined   to   think   that   in   certain   cases   reception   by 
means  of  triode  valves  is  actually  improved  by  a  certain 
amount  of  resistance  in  the  oscillating  circuit.     Such 
sets    are    generally    worked    near    to    the    regenerating 
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point,  even  on  spark  reception,  in  order  to  give  good 
amplification.  They  have  in  consequence  somewhat  of 
a  tendency  to  be  unstable,  which  is  reduced  by  resistance 
in  the  receiving  circuit,  and  it  doe's  not  seem  safe  to 
assume  in  such  cases  a  direct  relation  between  high- 
frequency  resistance  and  efficiency.  It  is  surprising  to 
note  how  the  general  tendency  of  investigators  is  to 
depose  multiple  stranded  wires  from  the  position  they 
once  held. 

Mr.  W.  L.  McPherson  {communicated)  :  In  this 
paper  we  see  all  too  clearly  the  difficulties  which  surround 
the  design  of  radio  apparatus.  Exact  experimental 
data  are  rare,  and  empirical  and  workable  formulae 
for  the  calculation  of  coil  resistance  at  high  frequencies 
are  unlcnown.  In  certain  cases,  which  do  not  occur 
in  practice,  the  resistance  may  be  calculated  by  pure 
mathematics  with  comparative  ease ;  for  practical 
cases,  however,  the  mathematics  ai'e  such  that  few 
engineers  will  feel  at  home  with  them,  and  the  resulting 
formulas  are  so  complex  as  to  be  totally  unmanageable 
unless  simplified  by  judicious  assumptions  and  approxi- 
mations. A  debt  of  gratitude  is  due  to  the  author 
for  this  paper,  in  which  he  gives  us  reasonably  simple 
formulae  that  can  be  applied  with  fair  accuracy  to 
practical  design.  It  is  rather  a  pity  that  he  has  not 
dealt  with  flat  spiral  coils,  now  in  such  common  use, 
and  I  am  sure  that  a  paper  from  him  on  tliis  sub- 
ject would  be  welcome.  The  experimental  figures 
quoted  by  the  author  were  obtained  with  the  aid  of 
a  Poulsen  arc  as  a  source  of  power.  In  all  probability 
a  valve  generator  would  be  more  suitable,  as  the  har- 
monics are  much  less  prominent,  and  the  frequency 
so  steady  that  a  tuning  condenser  could  be  profitably 
employed  in  the  secondary  circuit,  reducing  the  power 
necessary  to  drive  a  given  current  through  the  coil. 
For  the  rapid  measurement  of  high-frequency  resistance 
we  have  found  the  "  inserted  resistance  "  method  quite 
reliable,  giving  results  correct  to  within  approximately 
5  per  cent.  It  calls  for  a  careful  disposition  of  the 
circuit,  however,  as  otherwise  capacity-to-earth  effects 
cause  a  considerable  amount  of  trouble.  But  I  must' 
agree  with  a  previous  speaker  that  it  is  not  suitable  for 
the  measurement  of  very  low-resistance  coils.  Though 
not  specifically  dealt  with  in  the  paper,  the  dielectric 
used  as  former,  and  the  insulation  of  the  wire  itself, 
play  an  important  part  in  the  high-frequency  resistance 
of  a  coil.  Cotton  covering  especially  has  proved  bad, 
even  for  receiving  coils  which  are  subject  to  no  great 
potential ;  this  is  probably  due  to  the  absorption  of 
moisture  by  the  cotton.  The  fact  that  abnormal  self- 
capacity  in  such  a  coil  is  accompanied  by  an  increase 
in  the  high-frequency  resistance  would  appear  to  con- 
firm the  above.  With  regard  to  the  employment  of 
multiply  stranded  wire,  it  has  certainly  proved  of  little 
use  on  very  short  wave-lengths.  In  one  particular 
case,  at  a  wave-length  of  50  metres  the  high-frequency 
resistance  of  a  coil  wound  with  stranded  wire  was 
foimd  to  be  between  40  and  50  times  its  steady  current 
resistance.  On  longer  wave-lengths,  however,  especially 
with  multi-layer  coils,  its  advantages  appear  in  practice 
to  outweigh  its  disadvantages.  Tliis  is  particularly 
the  case  with  lap-wound  coils.  We  have  had  no  trouble 
with  such  coils  when  wound  with  stranded  wire,  but  in 


several  cases  in  which  solid  wire  was  used  the  high- 
frequency  resistance  could  only  be  described  as  terrific. 

Captain  B.  E.  G.  Mittell  (communicated)  :  With 
regard  to  the  question  of  the  value  of  divided  wire, 
Mr.  C.  F.  El  well  tells  me  that  the  931  silk-covered  strands 
of  No.  27  copper  wire  at  the  Lyons  station  have  success- 
fully carried  over  200  amperes  of  high-frequency  current 
in  continuous  service.  He  attributes  importance  to 
the  fact  that  one  never  obtains  copper  commercially  of 
the  same  grade  as  is  used  in  theoretical  work,  and  that 
pure  copper  is  more  nearly  obtained  when  buying  divided 
wire.  Another  point  is,  that  he  uses  a  special  method  to 
force  the  current  into  every  wire. 

Mr.  L.  B.  Turner  [communicated)  :  The  resistance  of 
inductance  coils  is  a  subject  with  which  the  designer 
of  wireless  apparatus  is  necessarily  intimately  concerned. 
It  is  a  subject  which  in  the  past  has  suffered  in  two 
opposite  ways  :  the  over-empirical  school  has  wholly 
disregarded  the  theory  on  account  of  the  diversity, 
complexity,  and  uncertainty  of  the  formula;  developed  ; 
while  the  over-theoretical  school  has  put  its  trust  in 
the  incomplete  and  unverified  "  Litzendraht  "  doctrine, 
adopting  finely  stranded  wires  regardless  of  cost  and 
manufacturing  difficulties,  in  the  mistaken  belief  that 
some  large  if  indefinite  gain  in  efficienc}'  was  being 
obtained.  A  mere  Wheatstone  bridge  test  of  finely 
stranded  inductance  coils  will  often  show  that  a  consider- 
able proportion  of  the  strands  are  broken  or  defectively 
soldered  (especially  in  the  case  of  enamelled  strands)  ; 
and,  as  the  author  has  pointed  out,  even  with  perfect 
workmanship  the  high-frequency  resistance  may  often 
considerablv  exceed  that  of  a  solid  winding  of  the 
same  overall  dimensions.'  The  paper  provides  a  much- 
felt  want,  and  should  be  of  especial  value  to  the 
designer  as  presenting  him  with  checked  results  in 
readily  computable  form.  The  introduction  of  the 
continuous-wave  transmitter  and  of  the  retro-active 
triode  receiver  has  great  and  diverse  significance  for 
the  subject  of  this  paper.  On  the  one  hand,  whereas 
with  the  damping  inseparable  from  the  old  spark 
transmitters  no  sensible  advantage  could  accrue  from 
extreme  reduction  of  decrement  in  the  other  circuits— 
a  fact  which  has  been  sometimes  overlooked — in 
accurately  tuned  circuits  receiving  a  sustained  and 
truly  isochronous  oscillation,  every  reduction  in  decre- 
ment brings  its  proportional  gain.  Hence  a  new 
importance  is  attached  to  low  decrements  ;  and 
simultaneously  the  oscillating  triode  has  conveniently 
transformed  the  laboratory  measurement  of  high- 
frequency  resistance  into  an  easy  and  accurate  operation. 
But,  on  the  other  hand,  whereas  extremely  low  receiver 
decrements  are  now  required,  the  use  of  retro-action 
in  the  receiving  circuits  gives  us  a  ready  means  of 
reducing  the  effective  resistance  by  any  desired  amount, 
whatever  be  the  intrinsic  resistance  of  the  inductance 
coils  employed.  Receiving  inductances  of  low  intrinsic 
resistance  are  therefore,  in  fact,  not  necessary.  The 
need  for  low-resistance  transmitting  inductance  coils, 
however,  remains. 

Professor  G.  'W.  O.  Howe  (inreply,  communicated) : 
It  is  not  claimed  that  the  method  and  formulae  developed 
in  the  paper  are  applicable  with  mathematical  accuracy 
to  any  coils  met  with  in  practice.     They  merely  represent 
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an  attempt  to  establish  on  sound  scientific  lines  working 
formula?  which  may  serve  as  a  basis  for  the  correlation 
of  experimental  data  and  assist  the  designer  of  high- 
frequency  apparatus  in  the  determination  of  the  losses 
to  be  expected  in  his  coils.  As  Professor  Fortescue 
rightly  remarks,  the  method  is  the  classical  and  only 
method,  but  regarded  ivom  a  new  point  of  view.  So 
far  as  I  am  aware,  the  graphical  method  of  treating 
skin-effect  problems  w-as  first  employed  by  Professor 
Hay  in  1910  ;  he  did  not  use  the  transmission-line 
idea,  but  the  two  methods  are  really  identical.  The 
method  which  I  have  suggested  for  the  correction  to 
be  applied  in  the  case  of  short  coils  is,  of  course,  a  very 
crude  approximation,  but,  as  Professor  Fortescue 
remarks,  it  works  very  well.  The  many  other  assump- 
tions and  approximations  which  have  to  be  made  do 
not  justify  the  complications  which  would  follow  any 
attempt  to  go  more  accurately  mto  the  correction  for 
coil  length.  I  quite  agree  with  Professor  Fortescue  that 
there  are  many  cases  in  which  stranded  wire  gives 
a  lower  resistance  than  solid  wire.  In  my  Roj'al  Society 
paper  I  give  tables  showing  the  relative  values  and  it 
will  be  seen  that  in  many  cases  the  stranded  wire  has 
a  considerable  advantage.  This  advantage  is,  however, 
very  much  less  than  was  generally  thought  and  is 
associated  wHth  very  serious  disadvantages.  The  method 
employed  by  Esau  in  the  experiments  referred  to  by 
Professor  Fortescue  was  an  alternating-current  bridge 
method.  I  have  not  attempted  to  measure  the  losses 
in  a  condenser  by  the  calorimeter  method,  but  I  believe 
that  it  has  been  done. 

Both  Professor  Fortescue  and  Mr.  Coursey  refer 
to  the  effect  of  self-capacity  on  the  distribution  of 
current  along  the  coil.  No  correction  for  this  was  made 
in  the  results  recorded  in  the  paper  because,  as  will 
be  shown,  the  effect  was  negligible.  At  frequencies 
approaching  the  natural  frequency  of  the  coil  a  con- 
siderable error  may  be  made  if  this  effect  be  overlooked, 
and  this  undoubtedlv  accounts  for  some  of  the  discre- 
pancies between  the  results  obtained  by  other  experimen- 
ters and  plotted  in  Fig.  9.  The  action  of  the  capacity 
between  the  ends  of  the  coil  in  shunting  some  of  the 
current  has  the  effect  of  increasing  the  current  through 
the  coil.  This,  at  first  sight,  paradoxical  result  is  due 
to  the  fact  that  the  capacity  current  is  180°  out  of  phase 
from  the  current  through  the  coil.  If  the  self-capacity 
be  regarded  as  concentrated  in  a  condenser  joined 
across  the  ends  of  the  coil  the  currents  through  the 
coi\,  condenser,  and  external  ammeter  will  be  respectively 
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Hence,  using  Mr.  Coursey 's  nomenclature,  the  power 
lost  as  heat  in  the  coil  will  be  expressed  as 


V^ 
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when  it  should  be  expressed  as  ^  R^.     Hence 

co^Lo 

R,  =  R^(i-w=LoCo)" 
■which  is   the    formula  referred    to    by  Mr.  Coursey  as 


Lindemann's  correction  formula.     If  co^  be  the  natural 
frequency  of  the  coil  alone,  ojo=i/LoCo  and 

r,  =  r;  (I -(,.>--;)' 

Now  the  coil  employed  in  the  experiments  recorded 
on  page  158  and  in  Fig.  10  has  a  total  length  of  wire  of 
75  metres,  a  natural  wave-length  of  about  10  metres, 
and  a  natural  frequency  of  30  milhons.  Even  at  a 
frequency  of  a  niillion,  u>/coo  =  i/3o  and 


R.  =  R 


;(■ 
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A  very  sircilar  result  will  be  found  for  the  coil  of 
Fig.  II.  This  sufficiently  explains  why  the  effect  was 
not  taken  into  account.  The  current  distribution  along 
the  coil  was  very  uniform  and,  as  the  coil  was  of  bare 
wire  resting  on  a  small  glass  rod,  there  is  little 
possibility  of  secondary  losses.  Brush  discharge  between 
the  turns  is  out  of  the  question,  since  with  a  current  of 
I  ampere  and  a  frequency  of  i  million  the  electromotive 
force  is  about  2  volts  per  turn. 

As  Mr.  Taylor  states,  the  loss  in  any  layer  of  a  multi- 
layer coil  can  be  expressed  as  the  sum  of  two  losses, 
one  due  to  the  uniform  field  produced  by  the  other 
layers  and  one  due  to  the  magnetic  field  produced  by 
the  layer  considered.  Both  these  component  losses  can 
be  found  very  simply  in  the  way  he  suggests,  but  it 
was  thought  that  the  method  adopted  in  the  paper 
formed  a  direct  and  interesting  apphcation  of  the 
transmission-line  conception.  Mr.  Taylor  is  quite 
wrong,  however,  in  thinking  that  the  constant  o'25  is 
superfluous  in  the  formulae  in  the  first  column  of  the 
second  page  of  the  paper.  Lord  Rayleigh's  form  of 
this  equation  is  only  approximately  true  when  the  first 
term  is  so  great  that  the  o'25  becomes  negligible.  It 
is  always  more  accurate  with  the  02^  term.  For 
values  of  x  greater  than  85,  where  x  =  fl  d,  the  value  of 
Ry/Ro  in  terms  of  Bessel  functions  may  be  written 

K.,    X     I       3 

Ro     4^4^i6«r 

with  an  accuracy  of  one  part  in  a  thousand.  The 
second  term  in  this  expression  is  the  one  which  Mr. 
Taylor  thinks  superfluous.  It  was  pointed  out  in  the 
paper  that  the  graphical  method  of  determining  the 
value  of  R//R0  for  a  straight  wire  when  applied  to 
the  case  for  which  d\/f=jg  gave  a  value  3 '035,  whereas 
the  formula  which  Mr.  Taylor  criticizes  gives  3-28. 
This  discrepancy  gave  some  appearance  of  probability 
to  Mr.  Taylor's  contention  that  the  formula  was  correct 
without  the  term  0-25.  Since  the  paper  was  read, 
however,  one  of  my  students  has  carried  out  the 
graphical  construction  with  the  radius  divided  into  20 
sections,  which  gave  R//Ro  =  3'i9,  and  then  with  40 
sections,  which  gave  R/,/Ro=3'26.  Hence  the  dis- 
crepancy was  due  entirely  to  the  inaccuracy  involved 
in  dividing  the  radius  into  only  10  sections. 

Although  the  method  described  by  Mr.  Murphy 
may  be  very  simple,  it  contains  too  many  possibilities 
of  error  to  make  it  a  suitable  method  for  verj-  accurate 
calibration    purposes.     Apart    from    the    necessity    for 
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accurate  tuning  there  is  the  uncertainty  as  to  the 
equivalent  resistance  of  the  remainder  of  the  circuit, 
especially  of  the  condenser.  In  determining  the 
effective  resistance  of  an  aerial  this  latter  difficulty 
does  not  arise. 

Considerable  thought  had  been  given  to  the  unequal 
heating  of  the  coil  due  to  the  end  effects  mentioned  by 
Mr.  Clinker,  but  I  came  to  the  conclusion  that  any 
error  due  to  this  effect  would  be  very  small. 

In  reply  to  Dr.  Eccles's  criticism  it  should  be  pointed 
out  that  the  results  given  for  multi-layer  coils  are  not 
intended  in  any  way  to  disparage  these  coils,  but  merely 
to  enable  the  designer  to  determine  the  resistance  of 
such  a  coil  from  the  resistance  of  a  single-layer  coil, 
with  which  he  may  be  assumed  to  be  more  familiar. 
The  determination  of  the  best  type  of  coil  to  use  in  any 
given  set  of  conditions  is  obviously  a  problem  outside 
the  limits  of  the  present  paper.  When  the  frequency 
is  so  high  or  the  coil  so  long  that  the  current  distribution 
along  the  coil  is  far  from  uniform,  the  value  of  I-  to  be 
used  in  calculating  1-  R  is  not  that  at  the  end  nor  at  the 
middle,  but  the  mean  value  of  I-  taken  along  the  coil. 
From  this  point  of  view  one  is  justified  in  extrapolating 
the  values  of  Rc/Rq  far  beyond  the  natural  frequency 
of  the  coil. 

Mr.  Hollingworth  raises  the  point  of  the  difference  in 
the  effective  resistance  when  using  damped  waves. 
Although  it  has  been  shown  that  the  resistance  for  the 
same  frequency  and   effective  current   is  greater  with 


damped  than  with  undamped  waves,  the  difference  is- 
very  small  with  moderate  dampmg.  Some  of  the 
results  given  in  Figs.  lo  and  ii  were  obtained  with 
a  quenched  spark-gap  and  were  found  to  lie  on  the 
same  curve  as  those  obtained  with  the  arc. 

I  quite  agree  with  Mr.  McPherson  that  a  thermionic 
valve  would  have  proved  a  more  satisfactory  source 
of  power  than  the  Poulsen  arc,  but  the  experiments 
described  were  made  four  to  five  years  ago,  when  the 
thermionic    generator    was    almost    unknown. 

With  regard  to  the  points  raised  by  Captain  Mittell, 
I  find  it  very  difficult  to  believe  that  any  appreciable 
difference  in  the  high-frequency  resistance  can  be  due 
to  the  alleged  greater  purity  of  the  smaller  wires.  I 
see  no  reason  why  931  silk-covered  strands  of  No.  27 
wire  should  not  carry  200  amperes  of  high-frequency 
current.  Assuming  a  space  factor  of  0-5  and  a  pitch 
equal  to  twice  the  diameter  of  the  conductor,  the  value 
of  Rc/Rq  at  a  wave-length  of  ig,ooo  metres  would  be 
about  5-25.  Re  is  therefore  10-5  times  the  direct- 
current  resistance  of  the  solid  wire  which  could  be  used 
in  place  of  the  stranded  conductor.  With  A  =  15,000, 
the  resistance  of  this  solid  wire  coil  would  be  16  times 
its  direct-current  resistance.  Hence  the  losses  are 
reduced  in  the  ratio  10-5/16  by  using  the  stranded 
conductor.  As  pointed  out  by  Mr.  Elwell,  it  is  essential 
to  take  proper  precautions  at  the  terminals  to  ensure 
that  the  current  is  equally  distributed  between  the 
wires. 
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ELECTRICITY   IN   TIN   MINING. 

By  D.  M.  W.  Hutchison,  B.Sc,  Member,  and  \\'.   J.  Wayte,   Associate  Member. 

{Paper  first  received  6  June,  and  in  final  form  24  November,  1919  ;  read  before  The   Ixstitutiox  18  December,   1919.) 


Introduction. 

The  object  of  this  paper  is  to  create  a  greater  interest 
in  the  problem  of  the  application  of  electrical  power 
to  tin  mining. 

The  paper  is  divided  into  the  following  parts,  viz. — 

Part  I. — A  general  review  of  the  tin  position  in  the 
Federated  Malay  States  and  the  methods  of  mining 
in  vogue. 

Part  II. — Detailed  descriptions  of  four  typical 
electrical  mining  plants   using  different   methods. 

Part  III. — Recommendations  in  regard  to  machinery 
in  the  Federated  Malay  States  in  particular. 

Appendix. — Mathematical  formulas  and  tests. 


PART    I. 

General. 

The  full  title  of  this  paper  should  be  "  Electricity 
in  Tin  Mining  in  the  Federated  Malay  States,"  the 
authors'  experience  not  having  extended  beyond  the 
tin  fields  of  that  country  ;  methods  of  mining  are, 
however,  generally  similar  in  other  parts  of  the  world. 

The  group  of  States,  Perak,  Selangor,  Negri  Sembilan 
and  Pahang,  known  as  the  Federated  Malay  States,  or 
the  F.M.S.  for  short,  and  which  form  part  of  the  Malay 
Peninsula,  furnish  the  product  known  in  the  metal 
market  as  "  Straits  tin  "  ;  the  output  is  very  large, 
the  exports  in  1913,  the  last  normal  year,  being  50,127 
tons  of  metal,  value  approximately  ^9,800, 000. 

The  labour  force  employed  in  tin  mining  in  the  same 
vear  numbered  225,000,  216,000  of  this  number  being 
Chinese,  but  the  adoption  of  machinery  and  other 
causes  combined  has  resulted  in  recent  years  in  a 
large  decrease  in  the  number  employed. 

Machinery,  which  is  already  used  to  a  large  extent, 
is  likely  to  come  into  use  much  more  in  the  near  future. 
The  present  position  roughly  is  that  European-owned 
mines  employ  a  maximum  of  machinery  and  a  minimum 
of  labour,  and  the  Chinese-owned  mines  a  maximum 
of  labour  and  a  minimum  of  machinery.  There  are  of 
course  exceptions,  some  Chinese  owners  having  installed 
up-to-date  electric  plants. 

Klines  under  Cliinese  management  in  igi8  produced 
about  70  per  cent  of  the  total  output,  and  as  there 
are  less  than  half  a  dozen  electrically-driven  Chinese 
mining  plants  there  should  be  great  scope  for  the 
electrical  engineer  in  the  immediate  future. 

In  1917,  7,600  kilowatts  of  generating  plant  and 
8,300  horse-power  of  motors  were  installed  on  tin 
mines,    but    the    majority    of    mines    where    power    is 


employed  still  use  steam,  generally  in  a  very  wasteful 
fashion. 

The  increase  in  the  cost  of  firewood  owing  to  its 
scarcity,  the  discovery  in  recent  years  of  a  valuable 
deposit  of  coal  in  Selangor  suitable  for  burning  on 
mechanical  grates,  and  the  necessity  that  now  exists 
for  working  low-grade  propositions  on  a  large  scale,  are 
three  factors  which  are  bound  in  the  near  future  to 
result  in  the  installation  of  up-to-date  economical 
power  plants  for  mine  working. 

The  labour  used  for  mining  purposes  is  almost 
entirely  Chinese  :  the  ordinary  Chinese  coolie  is  a  born 
miner,  and  appears  to  be  naturally  gifted  with  the 
instinct  to  locate  tin-bearing  ground. 

Up  to  the  present  time  very  little  methodical  pros- 
pecting work  has  been  done  by  Chinese  miners.  The 
large  mines  are  usually  started  by  small  parties  of 
tributers  who  appear  to  decide  upon  the  right  spot 
to  commence  operation  either  by  guesswork  or  by 
instinct :  the  Chinaman  is  a  gambler  and  faces  his 
losses  philosophically. 

The  pre-war  rate  of  pay  for  Chinese  labour  was 
60  cents  (is.  jd.)  a  day  ;  it  is  now  about  80  cents 
(is.   10^.). 

Mechanics  are  usually  Cliinese,  but  there  is  a  fair 
sprinkling  of  Tamils,  Bengalis,  Japanese  and  other 
races,  the  pay  varying  from  $1.40  to  $2  per  day  (3s.  3d. 
to  4s.  8d.). 

Men  in  charge  of  electrical  machinery  have  by  law 
to  possess  certificates  of  competency  issued  by  the 
Examining  Board  under  the  Electricity  Enactment. 
Tltis  law  extends  to  European  engineers,  who,  however, 
if  Associate  Members  of  this  Institution,  are  not  called 
upon  to  appear  before  the  Board. 

The  rate  of  pay  varies  greatly  with  the  individual, 
especially  in  the  higher  grades,  but  the  foUo-iving  are 
approximate  rates  paid  in  Perak  : — 

2nd  grade  chargemen   $24  per  month  {£2  6s.   iid.). 

ist  grade  chargemen  §40  to  $75  (^4  13s.  gd.  to 
id,  15s.  8d.). 

2nd  grade  engineer  $120  to  $200  (£1^  lis.  2d.  to 
£2z  8s.  8d.). 

ist  grade  engineer  $350  to  $450  (/3g  to  /50  14s.  7d.). 

The  authors  think  it  advisable  at  this  point  to  con- 
sider as  briefly  as  possible  the  problem  to  be  faced 
by  the  miner  in  working  alluvial  tin  deposits. 

The  ore-bearing  ground,  or  karang,  lies  in  beds, 
varying  in  thickness  from  a  few  feet  up  to  20  feet  or 
more,  which  may  be  close  to  the  surface  or  may  be  as 
far  below  the  surface  as  150  feet,  a  depth  of  70  feet 
being  more  usual.  In  some  cases  the  karang  is  found 
in  one  or  more  large  beds  ;    in  others  it  may  be  found 
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in  several  beds  at  varying  depths,  and  in  many  cases 
there  are  no  well-defined  beds,  the  whole  of  the  ground 
containing  tin   ore  to  some  extent. 

The  object  of  the  miner  is  to  get  the  ore  out  of  this 
karang    with   the    least   possible    expenditure,    and    he  ' 
has,   roughly  speaking,   a  choice  of  three  methods  : — 

(I)  Open  cast  mining. 
(II)  Hydraulic. 
(Ill)   Bucket  dredging. 

As  each  of  these  methods  presents  a  different  problem 
in  regard  to  the  supply  and  utilization  of  power,  it 
has  been  considered  most  convenient  to  deal  with  them 
in  turn.  It  does  not  follow,  however,  that  every  mine 
adopts  one  of  these  methods  only  ;  this  is  by  no  means 
the  case. 

The  problem  of  lode  mining  is  treated  separately, 
as  no  useful  comparison  can  be  made  between  this 
form  of  mining  and  allu\'ial  mining.  At  present  only 
a  very  small  proportion  of  the  total  tin  output  is  won 
in  lode  mines,  but  as  alluvial  deposits  become  worked 
out  more  attention  will  no  doubt  be  devoted  to  this 
form  of  mining. 


(I)  Open  Cast  Mining. 

A  typical  large  open  cast  mine  in  full  working  con- 
sists of  one  or  more  huge  oblong  pits  in  the  ground, 
perhaps  80  feet  deep  and  many  acres  in  extent.  At 
one  end  of  each  pit  will  be  an  incline  consisting  of  a 
double  line  of  rails  up  which  the  karang  is  hauled  to 
the  puddler  station  ;  in  another  position  a  similar 
incline  for  the  removal  of  overburden,  which  is  dumped 
out  of  the  way,  into  an  old  working  for  preference. 

The  puddler  station,  which  usually  serves  one  pit 
only,  consists  of  a  level  timber  platform  forming  a 
terminus  to  the  karang  incline,  and  is  furnished  with 
rails  and  a  double-drum  winch  which  serves  to  haul 
up  the  full  trucks  and  lower  the  empty  ones. 

The  full  trucks  are  brought  to  rest  on  the  puddler 
platform  opposite  an  opening  directly  over  the  puddlers 
into  which  the  karang  is  tipped. 

The  puddlers  are  of  two  main  types,  that  used 
depending  on  the  class  of  ground  worked  or  on  indi- 
vidual fancy.  The  most  \videly  used  type  is  merely 
a  cylindrical  open  top  brick  or  iron  tank  about  25  feet 
n  diameter  with  a  wood  block  floor,  in  the  centre  of 
which  is  a  vertical  shaft  driven  at  about  5  revolutions 
per  minute  by  bevel  gearing.  This  shaft  carries  four 
cross-arms,  to  the  ends  of  which  are  attached  two  cast- 
iron  "  harrows  "  fitted  with  blunt  teeth.  The  karang 
being  dumped  into  this  machine  and  mixed  with  water 
is  churned  by  the  harrows  The  process  is  continuous, 
the  mixture  after  being  churned  being  led  to  sluice 
boxes  through  a  coarse  screen. 

The  other  type  of  puddler  consists  of  a  horizontal 
shaft  carr5dng  knives  and  running  in  a  plated  timber 
container  at  a  speed  of  about  120  revs,  per  minute. 
This  high-speed  type  is  generally  furnished  with  a 
flywheel  to  take  up  shocks  when  the  karang  is  tipped  in. 
The  puddled  mixture,  in  either  case,  is  led  by  launders 
to  the  sluice  boxes  after  being  thinned  down  slightly 
Vol.   5H. 


by  the  addition  of  clean  water.  The  sluice  box,  which 
forms  a  common  feature  in  all  tin-mining  systems, 
consists  of  two  or  three  compartments  200  feet  or  so 
long,  furnished  with  removable  slats  across  the  bottom 
which  catch  the  heavier  tin  particles  and  allow  the 
lighter  sand  and  shmes  to  escape  to  the  tailings  dump. 
Each  compartment  is  capable  of  deahng  with  the 
whole  output  of  the  puddler  serving  it,  and  this  allows 
the  others  to  be  washed  down  with  clean  water  and 
the  tin  ore  removed  without  any  slackening  in  mining 
operations. 

Open  cast  mines  are  of  all  sizes,  var^-ing  from  the 
modest  hole  in  the  ground  worked  entirely  by  Chinese 
labour  to  propositions  with  capitals  of  ;^i20,ooo  ox 
more. 

In  nearly  all  mines  of  this  type,  however,  power 
is  used  in  some  form  or  other.  The  source  of  power  in 
most  general  use  is  the  portable  non-condensing  steam 
engine  burning  wood  fuel,  and  it  is  quite  common  to 
see  half  a  dozen  or  more  of  these  fuel-wasters  at  work 
on  the  same  mine.  It  is  only  fair  to  state,  however, 
that  for  outputs  of  from  60  to  100  horse-power  very 
efficient,  portable,  condensing,  superheated  steam  engines 
can  be  obtained. 

Diesel  and  hot  bulb  engines  are  in  use  to  a  certain 
extent,  and  in  some  of  the  large  mines  and  in  several 
smaller  ones  electricity  is  the  driving  power. 

The  chief  uses  for  power  are  for  hauhng,  pumping 
(both  for  unwatering  the  mine  and  for  supplying  water 
for  the  puddlers  and  sluice  boxes),  and  for  puddler 
driving  and  lighting  the  mine  at  night. 

Table  i  gives  particulars  of  four  typical  open  cast 
mines,  and  Tables  2  and  3  of  hydraulic-electric,  dredge 
and  lode  mines.  In  all  cases  (except  Lahat,  Pengkalen 
and  Idris)  the  energy  used  has  been  calculated  from 
switchboard  readings,  and  a  power  factor  of  0-75  to 
0-8  has  been  assumed.  Mine  managers  who  indulge 
in  the  practice  of  buying  plant  direct  from  the  manu- 
facturers would  do  well  to  insist  on  a  proper  provision 
of  instruments  for  measuring  the  output.  If,  as  is 
usual,  they  ask  for  tenders  for  "  one  plant  complete," 
they  should  not  expect  luxuries  and  certainly  will  not 
get  them. 

It  has  been  impossible  in  many  cases  to  separate 
^generation  from  distribution  costs,  but  when  possible 
this  has  been  done.  This  must  be  borne  in  mind  when 
comparisons  are  made  with  hypothetical  bulk-supply 
systems.  Capital  costs  have  been  omitted  owing  to 
the  general  practice  of  grouping  together  generating 
and  mining  plant;  such  figures  as  are  obtainable  are 
apt  to  be  misleading. 

It  will  be  seen  that  some  mines  are  run  partly  by 
electricity  and  partly  by  steam  or  gas,  the  two  latter 
being  used  as  a  rule  for  operating  the  fluctuating  winch 
or  puddler  loads  or  as  a  stand-by  for  emergency  pumping 
!  in  case  of  flooding.  Naturally  such  a  practice  produces 
I  a  high  electrical  plant  load  factor,  but  when  electrical 
plant  can  be  obtained  again  the  whole  of  the  mining 
load  will  doubtless  be  dealt  with  electrically,  with  a 
benefit  to  the  all-round  power  costs. 

The  question  of  generating  on  a  large  scale  in  central 
stations  and  distributing  to  mines  has  been  discussed 
many  times,  most  recently  by  a  Commission  appointed 
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to  inquire  into  various  questions  connected  with  tin 
mining. 

The  authors  do  not  consider  that  the  prospects  of 
a  power  company  would  be  very  rosy,  for  the  following 
reasons  : — 

(i)  Absence  of  diversity.  Beyond  a  very  small 
proportion  of  town  lighting  there  is  practically  only 
the  mining  load  to  consider. 

(2)  Limited  paying  life  of  the  power  company  due 
to  tin-bearing  areas  being  worked  out.  It  must  be 
remembered  in  this  connection  that  the  application  of 
power  to  mines  now  mainly  worked  by  coolie  labour 
would  result  in  the  deposits  being  more  rapidly 
exhausted. 

(3)  Heavy  capital  charges  due  to  the  high  rate  of 
interest  expected  in  this  country  and  also  due  to  heavy 
amortization  charges  on  account  of  short  life. 

{4)  Comparatively  poor  load  factor  during  useful 
life,  due  to  the  short-lived  nature  of  many  mines,  the 
temporary  shutting  down  or  restriction  of  output  in 
times  of  low  tin  prices,  and  the  failure  to  get  the  most  pro- 
fitable consumers — the  large  mines,  which  can  generate 
very  cheaply  with  their  own  plants.  The  majority  of 
a  power  company's  consumers  would  be  the  small  or 
medium-sized  Chinese  mines  now  using  portable  engines 
and  working  from  10  to  18  hours  out  of  the  24. 

(5)  Hea%'y  wayleave  and  maintenance  charges,  as 
the  lines  running  over  mining  land  would  have  to  be 
moved  frequently. 

A  co-operative  power  station  to  supply  a  group 
of  well-proved  mines  is  of  course  a  different  propo- 
sition altogether  and  seems  to  be  the  solution  of  the 
problem.  There  is  no  reason  why  such  a  power  station 
could  not  supply  the  more  or  less  ephemeral  demands 
of  small  mines  nearby  in  addition  to  its  nucleus  load. 

The  authors  do  not  consider,  taking  everything  into 
account,  that  the  average  yearly  load  factor  of  a  power 
company  taken  on  the  ma.ximum  useful  station  capacity 
over  the  period  of  its  paying  life  would  exceed  40  per 
cent.  A  co-operative  group  power  station  under 
similar  circumstances  should  be  able  to  reckon  on 
a  load  factor  of  50  to  60  per  cent.  In  this  connection 
it  is  as  well  to  bear  in  mind  that  the  years  now  under 
review  were  years  when  the  tin  output  was  being  forced 
up  as  much  as  possible  to  provide  munitions,  and  plants 
were  being  run  to  their  greatest  capacity. 

At  present,  steam  users  with  a  certain  maximum 
horse-power  installed  have  a  way  of  overestimating 
the  horse-power-hours  used  per  annum,  with  the  result 
that  the  calculated  cost  per  horse-power-hour  comes 
out  unduly  low  and  unfavourable  comparisons  are 
made  with  electricity.  A  comparison  of  units  generated 
and  brake  horse-power  connected  on  electrically-worked 
mines  will  give  a  good  idea  of  what  may  be  expected 
in  this  wav. 


(II)  Hydr.-\ulic  Mining. 

Hj'draulic  mining  may  be  defined  as  a  process  where- 
by the  ground  is  removed  and  treated  by  the  agency 
of  water.  It  has  many  forms  and  combinations  falUng 
into  three  main  classes  : — 


(1)  Hydraulic     mining     proper,     including      ground 

sluicing. 

(2)  Hydraulic-electric  mining. 

(3)  Suction  dredging. 

Hydraulic  mining  proper. — Here  the  ground  is  cut 
by  jets  of  water  projected  by  monitors  under  a  natural 
head  of  from  50  to  400  feet,  and  the  mixture,  if  necessary, 
elevated  by  hj'draulic  elevators  (see  Fig.  i)  to  the 
sluice  boxes  where  the  treatment  follows  the  procedure 
outlined  under  open  cast  mining.     In  ground  sluicing. 


I^mais*  pipe 


TKroat  colTuims]; 
(mild  steel) 


(mild,  steel) 


Pressure    ?    pipe 


-  Toot  bend 
{Soft  iron) 


Fig.  I. — Section  of  hj-draulic  elevator,  with  names  of  parts. 


which  is  usually  carried  out  on  only  a  small  scale,  the 
ground  is  broken  down  by  hand  labour  into  channels 
where  it  is  mingled  with  water,  the  resulting  mixture 
being  passed  over  sluice  boxes. 

Overburden  and  karang  are  generally  treated  in  the 
same  way,  although  in  some  cases  the  overburden  is 
removed  by  coolie  labour.  The  hydrauHc  method, 
using  water  under  pressure,  is  used  on  some  of  the 
largest  properties  in  the  countrj',  and  provided  that 
plenty  of  water  at  a  suitable  elevation  is  available, 
and  that  the  value  of  the  property  is  sufficient  to  justif^^ 
the  cost  of  an  expensive  dam  and  pipe  line,  tliis  method 
is  usuallv  adopted. 

Hydraulic-electric  mining. — Where  economy  in  the 
use  of  water  is  necessary,  or  where  the  ratio  of  head 
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to  lift  is  less  than  about  5  to  i,  making  the  economical 
use  of  elevators  out  of  the  question,  or  where  the  total 
head  would  be  unnecessarily  high  for  the  monitors, 
it  is  usual  to  install  gravel  pump's  and  to  use  part  of 
the  available  head  for  generating  electricity  to  drive 
these  pumps,  the  remainder  being  used  for  the  monitors. 
The  gravel  pump  is  a  centrifugal  pump  of  special 
make  (see  Fig.  2)  provided  with  renewable  liner  and 
wearing  plates,  capable  of  raising  any  stone  which  can 
enter  its  open-ended  suction  pipe.  Its  efficiency  is 
naturally    not   high    and    figures    for   performance   are 


Other  tests  and  records  are  given  in  the  Tables, 
and  as  an  average  the  efficiency  'of  pump  and  pipe 
work  may  be  taken  at  about  38  per  cent,  as  against 
i6"6  per  cent  for  the  elevator. 

Suction  dredging. — A  suction  dredge  consists  of  a 
centrifugal  pump  to  supply  a  monitor  jet,  together 
with  a  gravel  pump  to  elevate  the  mixture,  the  whole 
being  mounted  in  some  cases  on  a  pontoon  together 
with  the  necessary  boilers  and  engines  or,  if  electrically 
driven,  motors.  This  pontoon  usually  rests  on  dry 
land,  but  is  moved  about  to  fresh  places  in  the  mine 


Index  to  Letters  and  Nuubers. 


A  Collar  for  water  chamber. 
B  Outside  fibre  washer. 
C  4-Part  beanng  casing. 
D  Cap  lor  water  chamber. 
E  Bottom  and  side  brasses, 
F  Adjusting  wedge  for£. 
G  Runuer. 

iH  Inner  fibre  washer. 
IJ    Door  on  suction  side, 
K  Liner  door. 
L  Wearing  ring. 
M  Stuthttg  box  for  turning  pipei 
N  Liner, 

1  Delivery  bend. 

2  Nose-piece  at  bottomof  suction. 

3  Bed-plate. 
'4  Muff  coupling. 

5  Thrust  collars. 

6  Thrust  collar  plates. 

7  Cap  for  thrust  bearing. 


O  Puinp  casmg  suction  side. 

P  Nipple. 

Q  Gland  on  turning  pipe. 

R  Turning  pipe. 

S  Suction  bend. 

T  Top  brass  neck  bearing. 

U  Shaft  side  of  casing. 

V  Matching  piece. 

W  Set  screws  tor  adjusting  wearing 

ring. 
X  Water  ring. 

Y  Pinching  plate. 

Z  Sel  screws  for  adjusting  liner, 

S  Brasses  for  thrust  beanng. 

9  Staufier  lubricators, 
10  Steam  priiner  lor  pump, 
ri  Flap  valve  on  delivery  bend. 

12  Base  of  thrust  bearing. 

13  Rope  pulley. 

14  Lighthouse  lubricatois. 


Fig.  2. — Reference  sectional  plan  of  Thompson's  gravel  pump. 


hard  to  obtain,  but  Mr.  J.  J.  Garrard  in  a  paper  read 
before  the  Institution  of  Mining  and  Metallurgy  in 
February  1917  gave  an  average  annual  efficiency  of 
27*25  per  cent  for  a  gravel  pumping  installation.  As 
electrical  losses  were  included,  the  combined  efficiency 
of  pump  and  motor  works  out  at  about  42  per  cent, 
the  mi.xture  pumped  being  about  5  per  cent  solid  by 
bulk.  The  figures  of  a  well-known  maker  of  these 
pumps  are  given  in  Fig.  3,  and  show  an  efficiency  of 
50  per  cent  for  the  pumps  under  similar  conditions  or, 
including  the  motor,  say  42*5  per  cent,  which  agrees 
very  well  with  Mr.  Garrard's  result. 

As  against  this  the  efficiency  of  an  elevator  is  given 
in  Mr.  Garrard's  paper  as  16-58  per  cent. 


by  floating  it  off.  Many  mines  prefer  to  mount  their 
pumps  in  a  permanent  position  on  concrete  foundations, 
but  the  process  is  just  the  same  and  is,  for  conveni- 
ence, called  suction  dredging  in  this  paper.  The  essential 
difference  between  this  and  other  forms  of  hydraulic 
mining  is  the  use  of  pumps  both  for  producing  pressure 
at  the  monitor  and  for  elevating  the  mixture. 

Fig.  4  gives  particulars  of  the  performance  of  one 
type  of  nozzle  pump  used.  It  must  be  remembered 
that  the  water  pumped  is  generally  the  effluent  from 
the  tailings  dump,  with  perhaps  a  certain  amount  of 
clean  seepage  water  mixed  with  it,  so  that  a  strong 
construction  is  more  to  be  desired  than  a  high  efficiency 
pump,  which  would  quickly  be  rendered  "useless  by  the 
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grit  in  the  water.     Some  figures  for  nozzle-pump  per- 
formance will  be  found  in  Fig.  4. 

Hydraulic  Electric  Systems  Analysed. 
Where  the  hydraulic-electric  system  is  contemplated 
there  is  a  choice  of  methods,  which  have  been  treated 


o    25  ?5         05        175        225 

Brake  liorse-power 
o  100        200        30O        400        500 

Revs,  per  miimte 

Fig.  3. — Makers'   figures   for  lo-in.  gra\-el  pump   lifting  50 
cub.  yards  of  solid  per  hour. 

mathematically    in     the    Appendix    under    hydraulic- 
electric  mining. 

System  i  :    Ground  Sluicing  and  Gravel  Pumping. 

This  method  is  occasionally  used  where  there  is  a 
plentiful  supply  of  labour  and  the  necessary  water 
close  to  the  mine.     The  power  for  driving  the  gravel 


The  brake  horse-power  required  to  drive  gravel 
pumps  can  be  obtained  roughly  from  Fig.  3,  or  can 
be  calculated  from  the  formula  in  the  Appendix.  The 
usual  mixture  is  about  5  to  7  per  cent.  The  makers 
of  these  pumps  rate  them  at  so  many  cubic  yards  of 
gravel  lifted  per  hour,  but  this  method  of  rating  pumps 
is  crude  and  it  would  be  far  more  satisfactory  to  rate 
them  in  their  capacity  in  gallons  of  water  per  hour, 
considering  that  about  90  per  cent  at  least  of  the 
mixture  raised  consists  of  water. 

The  pump  works  with  a  shallow  open  sump  and  a 
suction  life  of  15  feet  or  so  as  a  rule,  and  delicate  speed 
regulation  is  necessary  to  keep  the  water  level  in  the 
sump  constant. 

It  must  be  remembered  in  this  and  all  other  alluvial 
tin-mining  practice  that  in  very  few  cases  can  pumps 
be  installed  to  suit  their  best  performance  and  be  kept 
at  work  in  that  position.  As  ,the  mine  develops,  the 
pumps  must  be  moved  and  conditions  as  to  head  and 
discharge  are  continually  varying. 

What  then  is  required  is  a  motor  that  is  capable 
of  a  large  variation  of  speed  together  with  fine  regu- 
lation at  any  speed,  and  these  conditions  are  in  theory 
best  fulfilled  by  direct-current  motors  coupled  direct 
to  the  pumps. 

As,  however,  tfiree-phase  current  is  generally  used 
owing  to  convenience  in  distribution  it  is  the  usual 
practice  to  drive  the  pumps  direct  or  by  belt  by 
induction  motors  and  to  regulate  the  speed  by  rotor 
resistances.  In  some  cases  the  motors  are  run  at  full 
speed  and  throttling  pieces  put  in  the  delivery  pipe, 
which  has  the  effect  of  introducing  artificial  head,  thus 
cutting  down  the  deliver}'. 

Both   these   methods   are  of  course   wasteful,  but   it 
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Fig.  4. — Makers'  figures  for  nozzle  pumps  discharging  : 


8  in.  160  cub.  ft.  per  min. 
10  in.  280    ,,     ,, 
12  in.  430    „     ., 
14  in.  624    „     ,, 


pumps  need  not  necessarily  be  generated  by  falling 
water,  but  a  comparison  has  been  made  in  the  Appendix 
which  shows  that,  given  a  certain  water  power,  28  per 
cent  more  work  can  be  done  by  emplojdng  the  water 
power  to  generate  electricity  to  drive  gravel  pumps 
than  by  using  it  for  elevators. 


is  probable  that  they  will  continue  in  use  in  preference 
to  the  use  of  direct  current. 

There  are  two  or  three  small  direct-current  pumping 
plants  which  have  given  good  results,  but  there  is 
very  unlikely  to  be  anv  great  extension  in  its  use  as 
in  the  future  there  will  be  a  tendency  towards  group 
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stations,  thus  involving  three-phase  working.  In  any 
case,  however,  where  there  is  a  possibihty  of  installing 
a  small  compact  plant  close  to  th^  mine  the  advantages 
of  direct  current  for  most  mining  operations,  especially 
pumping  and  hauling,  would  outweigh  the  disadvantages 
due  to  the  slightly  greater  complication  of  brush  gear 
and  commutator. 

Variable-speed  direct-current  motors  are  in  use  in 
a  colhery  in  the  Federated  Malay  States  under  fairly 
severe  conditions,  and  there  is  no  cUmatic  reason  why 
they  should  not  be  used  where  it  would  be  good  policy 
to  do  so. 

System  2  :    Dividcd-voliune  System. 

Here   the   cutting   is  done   by   jets   of   water   under 

natural    head    directed  on    to    the    working    face    by 

monitors,  the  size  of  the  jet  being  usually  about. 
2  inches  diameter. , 
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Fig.  5- — Divided-volume  system.     Medium  pressure  without 
transfonners. 


The  whole  of  the  available  pressure  water  is  piped 
to  the  mine  and  there  utiUzed,  partly  to  supply  monitors 
and  partly  to  generate  electricity  for  the  purpose  of 
dri\dng  gravel  pumps  to  elevate  the  mixture  cut  by 
monitors. 

The  proportion  of  water  available  for  cutting,  after 
allowance  has  been  made  for  lifting,  has  been  worked 
out  mathematically  in  the  .A.ppendix,  and  curve  I  of 
Fig.  5  gives  the  results  for  various  values  of  the  constant 
(H  —  h)-i-h  when  the  allowance  for  seepage  is  lo  per 
cent  of  the  monitor  water  and  the  mixture  cut  contains 
7  per  cent  of  solids. 

The  value  {H  —  h)/h  varies  in  practice  between  4  and 
7  except  when  starting  a  mine,  when  it  may  be  much 
larger  for  a  short  time  owing  to  the  value  of  h  being 
small. 

Curve  II  has  been  plotted  for  comparison  and  gives 
the  amount  of  water  available  for  cutting  if  hydrauhc 
elevators  are  employed  instead  of  gravel  pumps. 
Elevator  and  hydro-electric  cum-gravel-pump  efficiencies 
have  been  taken  at  i6-6  and  23  per  cent  respectively 
throughout,  and  although  this  assumption  of  constant 
efficiency  over   the   whole  of  the  curves   may   not  be 


justifiable,  the  error  over  the  portion  of  the  curves 
which  are  of  practical  value,  i.e.  between  values  of 
4  and  7  for  {'H.—h)/h,  is  not  likely  to  be  large. 

It  will  be  seen  that  the  extra  amount  of  w^ater  avail- 
able for  cutting,  and  consequently  the  extra  ground 
cut  by  substituting  gravel  pumps  for  elevators,  is 
considerable,  being  as  much  as  22-5  per  cent  for  a  value 
of  {H~h)/h  of  4. 

•  The  question  of  gravel  pump  versus  hydraulic  elevator 
may  not  depend  on  efficiency  alone  :  where  waste  of 
water  is  unimportant  the  hydraulic  elevator  will  score 
owing  to  its  low  capital  and  maintenance  costs.  There 
are,  however,  certain  advantages  in  the  use  of  gravel 
pumps  which  may  weigh  hea\'ily  ;  for  instance,  if  the 
ratio  of  height  of  lift  to  head  is  too  low  it  becomes 
necessary  to  elevate  in  two  lifts,  and  this  is  such  a 
wasteful  operation  for  hydrauhc  elevators  that  it  is 
practically  out  of  the  question  except  on  a  small  scale 
for   working   small  pockets. 

The  gravel  pump  is  capable  of  a  maximum  lift  of 
about  100  feet  although  it  loses  efficiency,  except  in 
the  largest  sizes,  at  lifts  much  over  70  feet  ;  but  pump- 
ing in  two  lifts  by  gravel  pumps,  where  necessary, 
is  hardly  less  efficient  than  pumping  in  one,  whereas 
to  use  elevators  in  two  lifts  is  an  exceedingly  inefficient 
process  as  the  higher  elevator  has  to  take  not  only  the 

«nonitor  water  but  the  lower  elevator  pressure  water 
as  well,  so  that  the  proportion  of  the  elevator  to  monitor 
water  may  be  about  2i  to  i  and  the  efficiency  of 
the  process,  even  under  favourable  conditions,  about 
9  per  cent. 

System  3  :    Divided-head  System. 

In  many  cases  the  water  available  for  working  the 
mine  has  to  be  piped  long  distances  from  a  compara- 
tively high  elevation.  It  is  found  in  practice  that  in 
most  classes  of  ground  worked  there  is  no  economy 
in  using  pressures  higher  than  about  200  lb.  ;  in  fact, 
most  hydraulicing  is  done  at  pressures  considerably 
less.  Where  the  pressure  is  too  high  the  ground  is 
cut  away  too  quickly  and  the  resulting  mixture  of 
ground  and  water  has  to  be  thinned  down  by  the 
addition  of  more  water  to  a  consistency  which  will 
flow  towards  the  sump  and  will  not  block  the  pumps. 
This  extra  water  is  supplied  in  most  cases  from  the 
monitors  :  consequently  the  amount  of  ground  cut 
may  be  said  to  vary  with  the  quantity  of  water  used 
irrespective  of  the  pressure,  pro^-ided  the  pressure  is 
sufficient  to  break  up  the  ground. 

On  this  account  it  is  the  usual  practice  where  a  high 
fall  is  available  to  use  the  first  part  of  the  fall  for 
generating  electricity,  which  is  transmitted  to  the 
mine  for  driving  gravel  pumps.  The  remainder  of 
the  fall  is  used  for  monitors,  and  as  of  course  all  the 
water  which  passes  the  Pelton  wheels  in  the  electric 
power  station  goes  on  to  the  monitors,  this  may  be 
called  the  divided-head  system. 

A  simple  mathematical  formula  is  worked  out  in 
the  Appendix  and  gives  the  proportion  in  which  the 
fall  must  be  di\dded  for  average  conditions,  and  the 
curves  in  Fig.  6  give  the  available  monitor  pressure 
for  various  heads  and  hits  on  the  assumption  made 
before  as  regards  consistency  of  mi.xture  and  seepage. 
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aud  assuming  that  all  the  water  used  in  the  power 
house  is  used  again  in  the  mine  for  cutting. 

The  curves  show  that,  speaking  generally,  for  the 
height  of  hft  usual  in  practice  (50  to  70  feet)  heads 
01  600  feet  and  over  are  suitable  for  this  system. 

No  compaiison  with  the  hydraulic  elevator  has  been 
made  in  this  case,  as  where  the  fall  is  high  enough  to 
suit  the  di\dded-head  system  it  is  too  high  to  be 
e<;onomical  for  hydrauhcing.  . 

System  4  :    Suction  Dredge  System. 

This  has  been  discussed  in  the  Appendix  in  the  case 
where  the  motive  power  for  driving  the  gravel  and 
nozzle  pump  is  derived  from  falling  water. 

A  system  involving  the  conversion  of  water  power 
into  electric  power,  which  is  agadn  converted  by  the 
mechanical  agency  of  a  pump  into  water  power  for 
hydrauhcing,  naturally  cannot  compete  in  efficiency 
with  the  use  of  water  power  direct  for  the  same 
purpose,    except    under   extraordinary    conditions,     so 
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Fig.  6. — Divided-head  system,  showing  head  available  for 
cutting  with  certain  total  net  heads  when  using  high-ten- 
sion transmission  with  transformers  for  gravel  pumps. 


that  this  system  is  rarely  used  in  conjunction  vrith 
hydro-electric  schemes.  With  very  high  heads,  how- 
<iver,  it  may  not  always  be  convenient  owing  to  the 
nature  of  the  country,  to  use  the  divided-head  system, 
in  which  case  nozzle  pumping  is  the  only  feasible 
alternative. 

The  suction  dredge  system  has  been  used  so  far  in 
this  country  chiefly  in  conjunction  with  steam  plant, 
although  the  biggest  installation  of  the  kind  at  present 
in  use  derives  its  power  partly  from  a  hj-dro-electric 
and  partly  from  a  Diesel  electric  station. 
.  Unless  there  is  a  large  amount  of  seepage  water 
which  must  be  removed  from  the  mine  in  any  case, 
it  is  usual  to  pump  the  same  water  over  and  over  again 
with  a  period  for  settling,  the  return  water  from  the 
tailing  dump  being  led  to  the  suction  side  of  the  nozzle 
pumps  and  thus  providing  a  certain  proportion  of 
natural  head  to  the  monitor. 

(Ill)  Bucket  Dredging. 

Bucket  dredging  is  a  form  of  alluvial  mining  which 
has  become  very  popular  in  the  Federated  Malay  States 
during  the  last  few  years,  and  will  doubtless  become 
more  so,  as  the  richer  and  more  easily  worked  alluvial 
deposits  become  exhausted. 

By  this  means,  low-13'ing  tin-bearing  land  of  low  gi'ade 


can  be  worked  at  a  profit  which  would  not  be  practi- 
cable by  any  other  method. 

At  the  present  time  17  dredges  are  operating  in  the 
F.M.S.,  only  one  of  which  is  driven  electrically,  so 
that  with  a  cheap  supply  of  power  tin  dredging  should 
open  a  wide  field  to  the  electrical  engineer. 

Land  most  suitable  for  bucket  dredging  is  that  met 
with  in  the  neighbourhood  of  Taiping,  where  at  the 
present  time  seven  machines  are  operating  all  within  a 
radius  of  3  miles  from  Taiping.  The  tin-bearing  ground 
is  a  gravelly  wash,  which  is  easily  dug  and  treated, 
of  an  average  depth  of  45  feet  below  the  surface.  At 
tills  level  a  bed  of  hard  clay  is  encountered  which 
does  not  carry  tin. 

The  Ivinta  Valley  further  south  is  a  more  difficult 
problem  as  the  bottom  is  of  irregular  limestone,  the 
pinnacles  in  some  places  rising  to  within  a  few  feet 
of  the  surface  and  the  depth  varying  to  70  feet  or  more. 
The  best  values  are,  moreover,  usually  on  the  lime- 
stone, so  that  the  dredge  and  machinery  must  be  of 
very  robust  construction  to  withstand  the  severe 
shocks  which  are  of  frequent  occurrence. 


PART   11. 

Hydraulic-Electric  Mine  near  Kampar. 

The  most  modern  example  of  hj'draulic-electric 
mining  in  the  Federated  Malay  States  is  the  Batu 
Karang  mine  of  the  Idris  Hydraulic  Tin  Company, 
Ltd.,  which  is  situate  4-|  miles  from  Kampar  on  the 
Kampar  Gopeng  Road,  and  is  worked  entirely  by 
gravel  pumps  driven  electrically,  the  power  for  generat- 
ing current  and  cutting  purposes  being  obtained  from 
water  on  the  "  divided-head  "  system. 

The  pipe  line  to  the  power  house  is  81  chains  long 
and  is  designed  to  carr)^  400  to  450  cubic  feet  of  water 
per  minute,  the  gross  head  being  955  feet  and  the 
effective  head  935  feet.  The  diameter  of  the  pipe 
varies  from  21  inches  to  16  inches. 

The  power  station  is  built  on  a  plateau  on  the  hill- 
side, the  building  being  of  steel  covered  with  galvanized 
corrugated  sheeting. 

The  plant  installed  is  as  follows  : 
Two  Pelton  wheels,  each  700  b.h.p.,  750  r.p.m., 
with  governors  of  the  oil-pressure  type  fitted  vrith 
hydraulic  automatic  servo  motors  operating  combined 
needle  nozzles  and  deflectors.  These  drive  through 
flexible  couplings  two  alternators,  each  450  kw.,  three- 
phase,  50  period,  400  volts,  with  the  exciter  overhung 
on  an  extension  of  the  alternator  shaft. 

A  bank  of  three  single-phase  transformers  raises 
the  pressure  to  3,000  volts  for  transmission.  The  trans- 
formers are  of  the  oil-cooled  type,  each  of  187  k.v.a. 
capacity,  and  are  connected  delta-star,  the  neutral 
point  of  the  generator  being  earthed  through  a 
resistance. 

The  transmission  line  is  ij  miles  in  length  and  con- 
sists of  one  circuit  of  No.  5  S.W.G.  and  one  circuit  of 
No.  7  S.W.G.  bare  copper  wire  carried  on  the  same 
pole  with  an  earth  wire  of  No.  8  S.W.G.  copper  fastened 
to  the  top  of  the  pole.  The  poles  are  of  steel  with 
cast-iron    bases    and    buckled    plates.       The   lightning 
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arresters  at  each  end  of  the  line  are  of  the  horn  type 
with  powdered  carbon  "  Brazil  "  resistances.  These 
arresters  in  conjunction  with  the  earth  wire  have  been 
found  to  give  good   protection   against  lightning. 

The  water  after  leaving  the  Pelton  wheels  is  dis- 
charged into  the  intake  of  the  lower  pipe  line  outside 
the  power  station. 

The  pipe  line  is  i  J  miles  in  length,  16  inches  in  diameter, 
and  a  pressure  of  170  lb.  per  square  inch  is  obtained  at 
the  bottom  of  the  mine  where  the  water  is  used  for 
cutting  purposes  with  monitors. 

The  substation  is  placed  close  to  the  head  of  the 
sluice  boxes  and  in  the  most  favourable  position  for 
future  work,  and  contains  one  bank  of  single-phase 
step-down  oil-cooled  transformers,  each  of  125  k.v.a. 
rating,  1,600/230  volts  connected  star-star,  and  one 
bank  of  single-phase  transformers  as  above,  but  of  50 
k.v.a.  rating. 

The  neutral  point  of  each  group  of  transformers  is 
earthed  through  a  resistance. 

The  total  height  from  the  bed-rock  to  the  sluice 
box  varies  from  70  to  90  feet,  and  a  double-stage  system 
of' working  is  arranged  as  follows: — 

Bottom  lift. — The  following  pumps  lift  from  the 
bottom  of  the  lombong  to  the  sump  of  the  top  lift, 
a  total  lift  suction  and  deliverj-  of  from  35  to  45  feet. 

One  8-inch  gravel  pump  flexible  coupled  to  an  80  b.h.p. 
motor  running  at   580  r.p.m. 

Two  6-inch  gravel  pumps  belt-driven  by  65  b.h.p. 
motors   running   at   730   r.p.m. 

Top  lift.- — The  following  pumps  take  their  suction 
from  the  discharge  of  the  lower  lift  pumps  and  deUver 
to  the  sluice  boxes,  the  lift  being  35  to  45  feet. 

One  lo-inch  gravel  pump  flexiblj'  coupled  to  a  140 
b.h.p.  motor  running  at  480  r.p.m. 

One  8-inch  gravel  pump  flexibly  coupled  to  an  80 
b.h.p.  motor  running  at  580  r.p.m. 

Tailings.  The  following  pumps  are  installed  to 
elevate  the  tailings  at  the  end  of  the  sluice  boxes. 

One  8-inch  gravel  pump  flexibly  coupled  to  an  So 
b.h.p.  5S0  r.p.m.  motor. 

One  6-inch  gravel  pump  belt-driven  by  a  65  b.p.h. 
730  r.p.m.   motor. 

In  addition,  a  35  b.h.p.  motor  direct-coupled  to  a 
centrifugal  pump  raises  water  to  the  sluice  boxes 
for  ore-dressing  purposes.  The  8-inch  and  lo-inch 
gravel-pump  motors  are  all  provided  with  hquid  con- 
trollers connected  in  the  rotor  circuit  and  capable  of 
reducing  the  speed  50  per  cent  continuously  if  required. 

Unfortunately  no  accurate  records  of  power  consumed 
and  yardage  are  available,  but  approximate  figures 
may  be  found  in  the  tables. 

The  Idris  Mine  is  equipped  throughout  with  electrical 
machinery  of  British  manufacture. 

This  is  not  the  largest  mine  working  on  the  divided- 
head  system,  French  Tekka  having  this  distinction. 
Ihe  latter  has,  however,  been  described  before  in  the 
French  technical  Press. 

Suction  Dredge  Plant  on  French  Ivamp.^vr  Mine. 
The  Societe  des  Mines  d'Etain  de  Kinta  own  about 
350  acres  of  tin-bearing  land  in  Kampar,  Perak,  usually 
referred  to  locally  as  the  French  Kampar  Mine. 


At  the  present  time  most  of  the  property  is  being 

worked  on  the  suction  dredge  system.  Power  is  generated 
in  two  stations,  the  original  hydro-electric  plant  con- 
sisting of  two  horizontal  radial  outward-flow  turbines 
working  under  the  unusually  high  head  for  this  class 
of  machine  of  1,312  feet.  The  generators  are  direct 
coupled  through  flexible  couplings  to  168-  kw.  three- 
phase  alternators  with  overhung  exciters  running  at 
750  r.p.m.  and  generating  current  at  6,000  volts.  The 
generator  neutrals  are  all  free. 

The  governing  is  bj-  water  pressure  servo-motor 
actuated  through  the  usual  equilibrium  valves  by  a 
governor  driven  off  the  generator  shaft,  the  servo- 
motor altering  the  jet  opening  to  suit  the  load  by  means 
of  a  shutter  and  a  by-pass  coming  into  action  to  pre- 
vent shock  to  the  pipe  when  the  jet  is  closing. 

The  switchgear  calls  for  no  special  comment,  being 
of  the  usual  high-tension  central-station  type,  and  the 
generator  switches  being  fitted  with  time-limit  overload 
relays  of  the  aluminium  disc  wind-up  type. 

The  Diesel  station,  which  is  quite  close  to  the  hydro- 
electric plant  and  connected  to  it  electrically  by  means 
of  a  three-core  armoured  cable,  houses  a  600  h.p.  en- 
closed Diesel  engine  driving  a  400  kw.  alternator  with 
revohdng  external  magnet  running  at  250  r.p.m. 
A  separate  motor-driven  compressor  is  installed  in  case 
of  loss  of  air  from  the  starting  bottles. 

The  total  capacity  of  the  two  plants  in  parallel  is 
744  kw.,  but  for  ordinary  running  the  Diesel  is  looked 
upon  as  a  stand-by  to  the  water  power  which  is  apt 
to  run  short  at  times. 

Kampar  is  a  town  situated  at  the  foot  of  a  large 
range  of  mountains,  and  it  experiences  lightning  storms 
of  remarkable  severity,  hence  the  lightning  arrester 
gear  deserves  attention. 

At  the  power-house  end  the  gear  is  housed  in  a 
separate  building  and  comprises  horn-gaps  and  water 
leaks.  The  former  have  a  break  of  5  mm.  and  a  re- 
sistance consisting  of  a  column  of  alkaline  electrolyte 
contained  in  tivo  open-ended  earthenware  tubes  pro- 
\dded  with  electrodes.  The  water  leaks  are  of  the 
enclosed  tj^ie  consisting  of  two  glass  tubes  in  parallel, 
800  mm.  long  and  14  mm.  internal  diameter,  connected 
between  each  phase  and  earth.  A  continuous  circula- 
tion of  water  is  maintained  through  the  tubes.  Flat 
choke  coils  are  placed  in  the  power  house. 

At  the  substations,  horn-gaps  with  7  mm.  openings 
under  cover  with  flat  choke  coils  are  installed  on  the 
high-tension  side,  the  transformer  neutrals  being  earthed 
on  the  secondary  side. 

This  arrester  gear  gives  good  results  except  in  heavy 
storms,  when  it  is  considered  advisable  to  shut  down. 
The  probabilities  are  that  the  use  of  oil-cooled  trans- 
formers at  both  ends  of  the  line  would,  witn  the  present 
arrester  gear,  enable  the  plant  to  run  under  all  con- 
ditions. 

The  line  consists  of  three  No.  6  copper  wires  sup- 
ported on  porcelain  insulators  carried  on  7  inch  X 
7  inch  chengai  poles  spaced   115  feet  apart. 

The  high-tension  line  feeds  No.  3  mine  substation 
and  three  small  substations  for  town  lighting  which 
the  company  undertakes  under  agreement  with  the 
Government. 
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The  present  mine  substation  is  a  temporary  wooden 
building  with  a  floor  of  concrete,  and  has  been  designed 
to  give  ample  space  without  being  a  very  expensive 
erection.  The  high-tension  line  terminates  on  a  pole 
outside  and  the  wires  are  taken  into  the  substation 
through  a  tower  in  which  are  placed  the  horn-gaps, 
choke-coils  and  high-tension  switch.  The  trans- 
formers consist  of  a  bank  of  one  oil-cooled  and  three 
air-cooled  {natural  draught)  three-phase  core  type, 
and  the  low-tension  busbars  are  run  overhead  on  in- 
sulators to  the  switchboards  which  control  the  circuits 
to  the  mine. 

The  low-tension  neutrals  are  earthed  and  a  tapping 
is  taken  at  no  volts  for  lighting  in  the  mine. 

For  mining  work  where  plant  is  always  being  moved 
about,  nothing  very  elaborate  in  the  way  of  substations 
is  expected  or  required  ;  the  one  described  above  is 
a  good  example.  The  usual  point  of  danger  which  is 
apt  to  be  overlooked  is  the  entry  of  the  high-tension 
wires;  these  are  often  brought  down  within  lo  or  12 
feet  of  the  ground  and  then  have  to  be  fenced  off  in 
some  way. 

From  the  substation  three  circuits  run  to  the  gravel 
and  nozzle  pumps  and  mine  lighting.  All  wiring  is 
run  overhead  and  bare  for  the  most  part,  except  within 
7  feet  of  buildings  where  by  a  Government  regulation 
it  must  be  insulated. 

There  are  two  pumping  stations. 

Pumping  station  I. — This  is  the  lower  or  first  lift 
station,  and  houses  two  gravel  and  two  nozzle  pumps. 
The  gravel  pumps  are  of  the  ordinary  type  in  use 
in  this  country  as  illustrated  in  Fig.  2  with  lo-inch 
outlets.  At  the  time  of  writing  this  paper  they  were 
each  engaged  in  lifting  234  cubic  feet  of  water  and 
12  cubic  yardaof  sand  per  minute  with  a  suction  head 
of  14  feet  and  a  delivery  of  67  feet. 

The  velocity  in  the  delivery  pipe  is  7-5  feet  per 
second. 

Driving  these  pumps  are  direct-coupled  140  b.h.p. 
480  r.p.m.  slip-ring  induction  motors.  Starting  is  effected 
by  an  oil-immersed  rotor  resistance,  but  no  provision  is 
made  for  speed  regulation.  During  the  early  stages 
of  development  of  the  mine  when  heads  were  too  low 
for  the  speed,  overloading  was  prevented  by  the 
insertion  of  a  diaphragm  in  the  suction  pipe. 

The  average  length  of  run  before  a  stop  is  made 
for  adjustments  is  about  10  days,  and  liners  have  to  be 
renewed  about  once  a  month. 

The  nozzle  pumps  are  of  the  single  impeller  centri- 
fugal type,  with  the  suction  side  under  a  natural  head 
of  50  feet,  which  is  obtained  by  running  back  the  clear 
effluent  from  the  tailings  dump.  The  pressure  obtained 
at  the  pump  outlet  is  about  no  feet  with  two  2j-inch 
or  2|-inch  monitors  running  full  bore,  and  regulation 
is  effected  by  valves  on  the  suction  side. 

All  the  main  motors  are  controlled  from  a  marble 
panel  switchboard  with  a  three-pole  knife  switch  having 
cartridge  fuses  on  each  pole  and  an  ammeter  and 
voltmeter  on  each  circuit. 

Pumping  station  II. — The  mixture  of  sand,  tin  ore 
and  water  raised  by  the  pumps  in  the  lower  station 
passes  over  a  sluice  box  293  feet  long  with  a  fall  of 
II    feet,    where    the    tin    is    deposited.      The    tailings 


are  then  raised  by  pumping  station  No.  II  to  the 
dump. 

This  station  contains  one  10-inch  and  one  8-inch 
gravel  pump  with  a  suction  head  of  9  feet  and  delivery 
of  32  feet.  The  arrangement  is  similar  to  that  in 
No.  I  as   regards    control. 

Table  4  on  page  177  gives  the  results  of  working 
for  the  years  1917  and  1918,  and  the  costs  and  yardage 
may  be  taken  as  quite  accurate.  In  regard  to  the 
volume  of  water  pumped,  this  has  been  calculated  from 
gauge  readings  on  the  monitor  pump  outlets  and  the 
area  of  the  monitor  jets,  whilst  the  figures  for  the 
number  of  units  used  were  taken  from  voltmeter  and 
ammeter  readings,  assuming  a  power  factor  of  o'S, 
and  were  checked  with  the  kilowatt  readings  in  the 
power  house. 

The  average  efficiencies  for  grave!  and  nozzle  pumps 
which  have  been  worked  out  from  the  figures  supplied 
may  be  safely  taken  as  the  results  likely  to  be  obtained 
by  well-maintained  pumps  working  under  good  con- 
ditions over  long  periods. 

Lahat  Mines,  Limited. 
This  mine  is  situated  about  =;  miles  south  of  Ipoh 
and  is  close  to  the  Government  road  and  the  Ipoh- 
Tronoh  Railway,  and  it  is  a  good  e.xample  of  open  cast 
working,  the  depth  at  the  present  time  being  145  feet, 
but  bores  have  been  sunk  to  a  depth  of  250  feet  from 
the  surface  and  the  bedrock  has  not  been  reached. 

North  Mine. — The  karang  is  raised  to  the  puddlers 
in  truck  up  two  inclines  600  feet  long,  each  served  by 
a  40  b.h.p.  electric  winch,  a  record  of  the  number  of 
trips  being  kept  by  mechanical  counters  and  a  record- 
ing  amineter. 

The  puddlers  are  four  in  number  each  20  feet  diameter 
running  at  5  r.p.m.  They  are  divided  into  groups  of 
two,  each  pair  being  driven  by  a  15  b.h.p  motor 
through  a  double-reduction  gear. 

The  water  supply  for  the  puddlers  is  provided  by 
a  lo-inch  centrifugal  pump  driven  by  a  50  b.h.p.  motor, 
250  cubic  feet  of  water  per  minute  being  required  for 
this   purpose. 

The  tin  is  recovered  in  a  sluice  box  160  feet  long 
divided  into  three  compartments  each  5  feet  wide. 
The  yardage  treated  from  the  North  Mine  is  appro.xi- 
mately  16,000  cubic  yards  per  month. 

For  removing  the  overburden  from  the  western 
side  of  the  mine  two  electric  winches  are  installed  driven 
by  20  b.h.p.  motors. 

Severe  rain  storms  are  experienced  frequently,  and 
to  deal  with  seepage  and  rain  water  two  turbo  pumps 
are  installed  at  the  bottom  of  the  mine  each  capable 
of  dealing  with  140,000  gallons  of  water  per  hour. 
The  pumps  run  at  1,450  r.p.m.  and  are  driven  by  180 
b.h.p.  2,000-volt  induction  motors. 

South  Mine. — This  is  a  new  extension,  and  is  being 
opened  up  by  a  6-inch  gravel  pump  driven  by  a  40  b.h.p. 
motor. 

The  ground  is  broken  down  to  the  pump  by  two 
monitors  fitted  with  if -inch  diameter  nozzles,  the 
pressure  at  the  nozzle  being  35  lb.  per  square  inch,  and 
the  water  being  supplied  by  two  centrifugal  pumps 
driven   hy   20-b.h.p.    motors.      About    12   cubic   yaixls 
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of  solid  per  hour  are  elevated  to  the  sluice  boxes 
described   previously. 

Tailings. — The  whole  of  the  tailings  from  both  mines 
are  elevated  to  the  tailings  dump  by  an  8-inch  gravel 
pump  driven  by  an  So  b.h.p.  motor. 

Power  plant. — Power  is  purchased  from  Pengkalen 
Limited,  which  is  about  ij  miles  distant.  Thecurrent 
is  three-phase,  50  periods,  2,000  volts,  and  the  trans- 
mission line  is  of  bare  hard  drawn  copper  No.  1  S.W.G. 
carried  on  6  inch  x  6  inch  hard  wood  poles. 

A  Diesel  engine  coupled  to  a  220  kw.  generator  was 
installed  in  a  power  station  at  Lahat  Mines  in  1914  ; 
this,  however,  is  too  small  for  the  present  requirements 
of  the  mine  and  is  kept  in  reserve  for  emergencies. 
Further  particulars  of  this  mine  will  be  found  in  the 
tables. 

Tin  Bentoxg  Dredge. 
The  Tin  Bentong  No  Liability  Gimpany  own  about 
500  acres  of  mining  land  at  Bentong,   Pahang.  which 
is  being  worked  by  an  electrically-driven  bucket  dredge. 


stream  by  a  dam  into  an  intake,  and  it  then  flows  in 
a  36-inch  pipe  laid  to  a  grade  of  about  i  in  70  to  a  settling 
basin. 

At  the  bottom  of  this  pipe,  where  it  is  supported 
in  places  on  trestles  are  fixed  three  sand  traps  which 
consist  of  funnel-shaped  castings  with  a  20  inch  x 
18  inch  opening  terminating  in  a  4-inch  nozzle.  These 
are  kept  full  open  at  all  times  and  discharge  large 
quantities  of  coarse  sand,  the  remainder  of  the  sand 
being   carried   along   to   the  settling   basin. 

This  basin  consists  of  a  tank  built  of  reinforced 
concrete  and  of  the  dimensions  given  in  the  plan 
shown  in  Fig.  10.  The  water  entering  is  slowed  down 
and  deposits  the  coarser  sand  in  the  first  compartment  ; 
the  water  still  containing  a  certain  amount  of  solid 
matter  then  flows  over  the  skimming  boards  and  into 
the  pipe.  The  system  is  fairly  effective  and  3  or  4  feet 
of  sand  are  scoured  out  of  the  first  chamber  every  other 
day,  but  if  the  plant  were  running  at  its  full  power  the 
tank  capacity  would  have  to  be  largely  increased. 

When  measured,  the  water  at  the  intake  contained 


Fig.   7. — Load  curve  of  power  house.  Tin  Bentong  dredge,  i8th  to  21st  March,  19  iS. 


Load  factor=69  per  cent. 
.\iinual  load  factor  for  1918  —  53  per  cent. 


The  ground  is  rather  shallower  than  usual,  the  depth 
dredged  being  about  21  to  22  feet. 

The  power  used  on  the  dredge  is  generated  by  a 
hydro-electric  plant  and  transmitted  4  J^  miles  to  Bentong. 

There  is  one  800  kw.  alternator  only,  driven  by  an 
overhung  Pelton  wheel  with  two  nozzles  furnished 
with  needle-valve  hand  regulation  and  deflecting 
shutter  automatic  regulation  worked  by  an  oil-pressure 
governor  belted  to  the  shaft.  The  exciter  is  belt 
driven  also  and  an  extra  flywheel  is  provided  in  order 
to  take  care  of  heavy  momentary  fluctuations. 

Current  is  generated  at  2,200  volts  and  stepped  up 
to  ir,ooo  volts  by  three  single-phase  oil-immersed  air- 
cooled  transformers  connected  in  delta. 

The  switch  panel  contains  one  oil  switch  with  auto- 
matic release  and  the  usual  ammeters  and  voltmeters. 

As  the  plant  was  intended  to  supply  power  for  other 
mining  purposes  as  well,  it  is  a  great  deal  too  large 
to  run  a  single  dredge  ;  in  fact  the  maximum  output 
so  far  has  not  exceeded  320  kw. 

A  unique  feature  of  the  installation  is  the  use  of 
water  containing  an  abnormal  amount  of  sand  in 
suspension.     The   water  is   diverted   from   a   mountain 


280  grains  per  gallon  and  at  the  outflow  from  the  settling 
basin  50  grains  less,  but  the  amount  of  solid  varies 
from  day  to  day  and  is  said  to  be  at  times  as  much  as 
8,000  grains  per  gallon  at  the  intake  and  2,000  at  the 
Pelton  wheel. 

The  water  from  the  tank  outlet  is  piped  to  the  Pelton 
wheel  at  which  the  head  is  475  feet;  this  gives  a 
theoretical  discharge  velocity  of  174  feet  per  second. 

There  is  naturally  a  considerable  amount  of  wear 
of  nozzles,  needles  and  buckets.  The  plant  has  now 
been  running  2  years,  and  it  has  been  necessary  to  change 
the  nozzles  and  needles  fairly  often  and  the  buckets 
once  ;  but  the  fact  remains  that  the  presence  of  con- 
siderable amounts  of  solid  matter  in  water  does  not 
prevent  its  use  with  moderate  spouting  velocities. 
it  must,  however,  be  remembered  that  the  flow  in  the 
pipes  is  at  present  only  about  1-4  feet  per  second, 
whereas  the  pipes  were  designed  for  an  ultimate  flow 
of  5-45  feet  per  second.  At  this  latter  velocity  there 
is  a  possibiuty  of  scour  in  the  pipes  themselves. 

With  a  higher  head  and  therefore  greater  spouting 
velocity  it  is  possible  that  the  use  of  such  dirty  water 
would  have   been  impracticable. 
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The  transmission  line  consists  of  three  Xo.  6  wires 
arranged  in  a  3  ft.   9  in.  triangle. 

The  lightning  arresters  in  the  power  house  and  sub- 
station are  of  the  aluminium-cEll  type  surmounted 
as  usual  with  spark  gap  and  charging  device.  Each 
phase  has  one  set  of  cells,  the  bottom  elements  being 
joined  to  a  busbar  connected  to  the  top  element  of  a 
fourth  cell  which  provides  the  path  to  earth.  Thus 
between  each  Une  and  earth  and  between  line  and  line 
there  are  two  cells  in  series.  This  arrangement  has 
worked  well  and  there  has  been  no  trouble  from  Ughtning 
or  from  disturbances  incident  on  charging. 

The  line  enters  the  substation  via  a  set  of  discon- 
necting switches  mounted  on  a  platform  fixed  on  the 
terminal  pole,  and  all  high-tension  wires  are  terminated 
on  strain  insulators  or  on  two  pin  insulators. 

In  the  substation  are  two  sets  of  single-phase  trans- 
formers, the  larger  set  of  three  150-k.v.a.  10,000/2,300 
volts  supplies  the  dredge  Une  through  an  oil  switch, 
the  smaller  set  of  three  50-k.v.a.  of  the  same  voltage 
ratio  suppUes  a  line  to  a  pump.  Originally  2,000-volt 
porcelain-body  fuse-switches  were  used  to  disconnect 
this  line,  but  after  a  short  trial  they  were  found  to  be 
unsafe  due  to  the  porcelain  cracking  and  an  oil  switch 
will  replace  them. 

The  connection  from  the  shore  to  the  dredge  is  made 
by  a  three-core  cable.  The  cores  are  insulated  with 
vulcanized  indiarubber  laid  together  and  wrapped 
overall  with  five  laps  of  varnished  cambric  ;  the  cable 
is  then  served  with  compounded  jute  and  armoured 
with  galvanized  iron  wire.  The  weight  of  the  cable 
is  taken  by  barrels  floating  in  the  dredge  paddock. 

An  illustration  of  the  dredge  is  exhibited  and  par- 
ticulars of  the  motors  used  will  be  found  in  Table  5. 

PART    III. 


\ 


Local  Conditions. 

As  local  conditions,  more  especially  in  regard  to 
cUmate,  labour  and  transport,  are  very  different  from 
those  prevaihng  in  temperate  cUmates,  the  authors 
venture  to  put  forward  their  ^•iews  on  certain  points 
which  are  of  considerable  importance  to  owners  of 
olectrical  installations  in  the  Federated  Malay  States  ; 
they  also  wish  to  draw  attention  to  certain  details  in 
the  specification  of  machinery  which,  often  disregarded 
entirely,  are  of  vital  importance. 

Climate. — The  climate  of  the  Malay  Peninsula  is  moist 
and  hot,  the  shade  temperature  rarely  exceeding  90°  F. 

There  are  no  clearly  defined  seasons,  but  spells  of 
wet  and  dry  weather  occur  at  certain  periods  of  the 
year.  During  rainy  seasons  thimderstorms  of  tropical 
violence  are  experienced  daily,  generally  in  the  afternoon 
or  evening. 

The  rainfall  varies  in  different  districts  from  90  to 
130  inches  for  the  year. 

St.\ndards  Recommended.* 

Generator  pressures. — Alternating  current  :  440  ;  550  ; 
and  2,200  volts. 

*  British  Standards  are  recommended  in  all  cases  except  as  regards  the 
voltage  of  2^0 ;  this  voltage  is  in  universal  use  in  the  Federated  Malay  States 
and  Straits  Settlements,  and  there  seems  no  sufiEicient  reason  to  abandon  it. 


F'irect  current:    115;   240;    460;    and  550  volts. 
It  is  not  advisable  to  generate  at  a  higher  pressure 
than  2,200  volts  owing  to  the  rapid  deterioration  of 
insulating  materials  due  to  the  moisture-laden  atmo- 
sphere. 

Pressures  at  high-tension  terminals  of  step-up  trans- 
formers.— 2,200  ;    3,300  ;  6,600  :   and  11,000  volts. 

So  far  11,000  volts  is  the  highest  pressure  in  use, 
but  there  is  no  particular  reason  why  higher  voltages 
should  not  be  used  if  necessarj-,  at  any  rate  up  to  20,000 
volts.  For  higher  voltages  special  precautions  on 
account  of  the  dampness  of  the  atmosphere  would 
probably  be  necessary. 

Pressures  on  motor  or  consumers'  terminals. — Altema-r 
ting  current :    100  ;    230  ;    400  ;    and  500  volts. 
Direct  current  :    no;    230;   440;    and  500  volts. 
Frequency  :    50  periods. 

For  new  installations  the  authors  recommend  a 
voltage  of  400  at  motor  terminals  for  a  three-phase 
alternating-current  system.  This  is  the  most  usual' 
voltage  and  its  adoption  would  facilitate  linking  up 
and  encourage  local  agents  to  keep  stocks. 
j  Tests  and  temperature  rises. — It  is  a  common  sight 
!  to  see  motors  which  have  been  rated  on  the  assumption 
that  they  would  be  used  in  a  temperate  cUmate,  working 
continuously  up  to  their  full  load  as  marked  on  the 
name  plate  and  even  at  overloads  ;  this  accounts  to 
a  great  extent  for  the  large  amount  of  rewinding  that 
has  to  be  done. 

The  temperature  of  the  air  should  be  taken  as  95"  F. 
under  cover,  and  the  following  temperature-rises  should 
not  be  exceeded  : — 

(a)  Generators  and  open  and  protected  type  motors 
after  6  hours'  run  at  full  load,  63  degrees  F. 

(6)    Jlotors   driving  intermittent  loads    (winches  for 
instance)  after  one  hour's  run  at  full  load,  70  degrees  F. 
(c)   Enclosed  and  pipe-ventilated  motors  are  seldom 
used  and  tests  prescribed  should  be  drawn  up  to  suit 
each  special  case. 

{d)  Oil-cooled  transformers  :  maximum  tempera- 
ture of  oil  not  to  exceed  170°  F.  at  continuous  full 
load. 

(e)  All  standards  and  tests  other  than  the  above 
to  be  in  accordance  with  British  Standards  as  recognized 
by  the  Institution,  allowing  for  the  liigher  temperature 
of  the  air. 

It  may  be  considered  that  the  temperature-rises  for 
generators  and  motors  are  on  the  low  side,  but  in  a 
country  where  faciUties  for  re-winding  are  doubtful 
and  where  motors  are  often  put  to  work  for  which  they 
were  never  originally  intended,  it  is  as  well  to  be  on  the 
safe  side  even  if  it  costs  a  little  more. 


Specification    of  Machinery   for   the   Federated 
Malay  States. 

Boilers. — The  watertube  t\'pe  is  most  suitable.  These 
have  been  so  far  always  set  in  brickwork,  but  the  use 
of  the  marine  type  with  steel  casmg  would  probably 
be  an  advantage,  as  neither  material  nor  labour  for 
brickwork  is  good. 

To  keep  the  number  of  spares  a  minimum  a  type 
using  one  length  of  tube  only  is  advisable. 
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Mechanical  stokers. — The  type  of  coal  used  as  a 
rule,  "  Rawang  smalls,"  is  very  suitable  for  firing  on 
chain-grates. 

Stack. — A  short  steel  stack  with  induced  draft  is 
the  best  arrangement. 

'  Coal-handlhig  plant. — It  is  not  possible  to  store 
Rawang  coal  for  any  length  of  time  as  it  fires,  so  the 
arrangement  made  should  aim  at  a  steady  continuous 
supply  from  truck  to  stoker  hopper  ;  the  experiment 
of  storage  under  water  will  probably  be  tried  in  the 
near  future,  but  it  is  doubtful  if  this  class  of  coal  is 
suitable. 

Prime  movers. — Turbines  are  being  used  for  plants 
of  500  kw.  and  over.  There  are  no  special  considera- 
tions except  that  larger  condensers  will  be  required 
than  in  England,  as  the  temperature  of  the  cooling  water 
will  be  about  86°  F.  to  qo°  F.  if  water  is  returned 
from  a  cooling  pond. 

Alternators. — Subject  to  reduced  temperature-rises 
British  Standard  practice  gives  every  satisfaction. 

Stvitchgear.     For    high    pressures    the   most    suitable 


Transformers. — If  earth  shields  between  primary 
and  secondary  windings  are  not  provided,  provision 
should  be  made  for  earthing  the  neutral  of  the  low- 
tension    winding. 

In  view  of  the  difficulty  of  drying  out  transformer 
windings  alter  they  have  been  immersed  in  oil,  it  is 
recommended  that  moderate  sizes  should  be  shipped 
in  oil  from  the  factory. 

Air-cooled    transformers   are   not   desirable. 

Transmission  lines. — The  range  of  temperature  ex- 
perienced varies  between  60°  F.  and  130°  F.,  and  as 
there  is  no  ice  or  snow  to  contend  with,  a  lower  factor 
of  safety  can  be  used  than  that  specified  by  the  Board 
of  Trade,  but  it  is  not  usually  necessary. 

The  height  of  lines  must  not  be  less  than  22  feet, 
so  that  steel  poles  are  advisable,  wooden  poles  of  the 
necessary  length  being  expensive  and  hard  to  obtain. 

Where  cast-iron  bases  are  used,  the  steel  tube  should 
pass  through  this  to  the  bottom  of  the  cast-iron  base, 
and  the  cast  iron  should  not  be  relied  on  to  take  the 
strain. 


Diagram  of  divided-volume  system  usin^ 
livdraulic  elevator. 


Diagram  of  divided-volume  system  usinjj 
electrically-driven  giavcl  pumv'. 


Fig.  9. 


is  the  totally  enclosed  ironclad  sliding-carriage  type. 
It  must  be  insect  and  lizard  proof,  all  ventilating  holes 
should  be  covered  with  fine  gaaige  wire  netting,  and 
all  instruments  should  be  enclosed. 

For  low  and  medium  pressures  the  ordinary-  marble- 
panel  central-station  type  is  quite  satisfactory.  Here, 
again,  precautions  must  be  taken  to  prevent  the  entry 
of   various   small  insects,   especially  into   instruments. 

Where  step-up  transformers  are  used  the  isolating 
switches,  and  oil  switches  if  any,  on  the  high-tension 
side  may  be  placed  in  cubicles  near  the  transformer 
in  order  to  shorten  the  length  of  the  bare  wiring,  the 
oil  switches  being  worked  by  levers  from  the  main 
switchboard. 

Cables  and  connections  in  power  house. — For  high 
pressures  nrulticore  paper  -  insulated  lead-sheathed 
armoured  cable  should  be  used,  and  must  be  properly 
sealed  and  divided  at  the  terminals.  The  dividing 
boxes  at  the  switchboard  end  should  be  incorporated 
in  the  switch  panel. 

For  low  and  medium  pressures  rubber-insulated 
cables  may  be  used. 


With  steel  poles  an  earth  wire  is  essential. 

Lightning  protection. — At  certain  periods  of  the  year 
thunderstorms  are  of  frequent  occurrence,  and  lightning- 
is  verj'  severe  in  some  localities. 

Various  types  of  arresters  are  used,  but  the  authors, 
are  of  opinion  that  protection  for  overhead  lines  can 
best   be    obtained   by  : — 

(i)  The  use  of  step-up  and  step-down  transformers 
for  all  but  very  short  lines  and  by  heavily  reinforcmg 
the  insulation  of  the  transformer  coils  nearest  to  the 
line,  in  conjunction  with  arresters  of  the  horn  type 
with  carbon  resistance  in  series  with  the  earthed 
horn,   or   with   electrolytic   arresters. 

(2)  An  earth  wire  above  the  power  wires  earthed' 
at  frequent  intervals. 

(3)  Earthing  the  neutral  point  of  the  generator 
and    step-down   transformer   on    the   low-tension    side. 

It  is  a  striking  fact  that  in  no  case  within  the  authors' 
knowledge  where  step-up  and  step-down  oil-cooled 
transformers  have  been  used  has  damage  by  lightning- 
been  experienced  other  than  to  the  line  ;  on  the  other 
hand,    in    those  plants   where    air-cooled   transformers. 
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have  been  used  or  the  generators  have  been  connected 
direct  to  the  line,  failures  of  transformers,  switch- 
board instruments,  and  generators,  have  invariably 
occurred   even    where   earth   wires- have   been   used. 

Lighting  circuits. — A  voltage  of  230  must  not  be 
exceeded,  and  this  may  best  be  obtained  from  a  small 
transformer  single  or  three  phase  ;  if  single  phase  the 
centre  point  of  the  \Wnding  should  be  earthed,  if  three 
phase  the  neutral  point.  The  voltage  between  any  two 
wires  should  not  exceed  230.  There  have  been  several 
fatalities  due  to  shock  on  alternating-current  lighting 
circuits  where  the  potential  to  earth  was  230  or  over. 

Mine  distribution. — This  is  invariably  by  overhead 
wires  on  hard  wood  pole  lines,  the  minimum  height 
being  nominally  18  feet. 

The  motors  are  usuallv  placed  in  temporary  sheds, 
and  connections  between  lines  and  switchgear  are 
made  by  rubber  cables,  bare  wires  not  being  allowed 
within  7  feet  of  any  building.  Rubber  insulation  lasts 
about  18  months  if  exposed  to  the  weather,  but  so  far 
no  satisfactory  substitute  has  been  found  to  replace  it  ; 
probably  three-core  rubber-insulated  armoured  cable 
would  last  longer,  as  the  rubber  would  be  shielded  from 
the  direct  rays  of  the  sun. 

Where  high-pressure  leads  enter  a  temporary  building 
a  three-core  paper-insulated  lead-sheathed  armoured 
cable  with  proper  terminal  boxes  and  bonding  appliances 
is  called  for. 

Mine  switchgear. — The  onlv  type  that  can  be  called 
safe  is  the  totallv  enclosed  interlocked  ironclad  type. 
It  is  now  so  moderate  in  price  that  there  is  no  excuse 
for  the  employment  of  any  other. 

In  the  past,  makers  have  supplied  totally  unsuitable 
switchgear,  chiefly  bare  knife  switches  and  bare  fuses 
mounted  on  heavy  marble  panels.  This  apparatus 
was  often  to  be  found  unfenced  over  a  wet  floor  and 
under  the  charge  of  a  bare-footed  coolie. 

No-voltage  and  overload  releases  should  be  fitted 
in  all  cases. 

All  iron  work  and  motor  frames  must  be  earthed, 
and  usuallv  this  means  an  earth  plate  to  every  motor. 

Mine  motors. — ^lotors  wound  for  voltages  above  500 
are  not  necessary  for  the  majorit)'  of  mining  work  and, 
except  in  large  sizes,  are  undesirable. 

Former-wound  stator  coils  should  be  used  in  pre- 
ference to  hand  winding.  With  semi-closed  slots  it 
has  been  found  that  coils  of  the  "  cut  and  push  tlu-ough  " 
tj'pe  are  the  most  satisfactory.  The  slot  insulation 
of  all  former-wound  coils  should  be  of  mica  moulded 
on  to  the  coil  after  winding,  the  coil  being  treated 
under  vacuum  with  suitable  impregnating  solution 
before  being  placed  in  position  in  the  slot. 

Trouble  with  hand-wound  coils  has  been  frequently 
experienced,  more  especially  in  high-voltage  motors, 
due  to  the  difficulty  of  packing  the  wires  tightly  inside 
the  slot  and  excluding  air. 

Manufacturers  also  frequently  wind  the  coils  so 
that  the  end  turns  are  adjacent  and  have  to  withstand 
the  full  voltage  of  the  coil. 

Where  speed  regulation  is  specified,  brushes  and 
slip-rings  should  be  of  liberal  design,  and  the  latter 
should  be  well  spaced  to  prevent  short-circuits  in 
starting.     The  most  satisfactory  type  of  resistance  is 


the  cast-iron  grid,  trouble  having  been  experienced 
with  liquid  resistances. 

The  connections  between  switch-panel  and  starter 
and  between  rotor  and  resistances  are  best  made  by 
three-core  armoured  cable  equipped  with  sealing  boxes, 
but  single-core  rubber-insulated  cable  if  properly 
protected  is  quite  satisfactory  for  medium  pressures. 

Winches. — The  usual  duty  required  of  a  winch  is 
to  haul  loads  of  three  or  more  trucks  containing  about 
f  yard  of  karang  up  an  incHne,  which  varies  in  length 
and  grade,  at  the  rate  of  about  12  trips  an  hour,  the 
ascending  trucks  being  partly  balanced  by  the  descending 
empties. 

The  conditions  vary  in  different  mines  and  must  be 
specified  in  each  case. 

The  winch  should  be  of  the  double-drum  variety  with 
motor,  resistances,  switches  and  tramway-type  controller 
mounted  on  a  bedplate  of  structural  steel,  the  whole 
arrangement  being  as  portable  as  is  consistent  with 
strength. 


Fig.   10.- — Plan  of  settling  basin.  Tin  Bentong  Jline. 

Tola!  depth  =  ji  ft. 

The  best  arrangement  is  to  mount  driving  spur  wheel 
and  band  brake  between  the  drums  ;  this,  without 
unduly  increasing  the  width  of  the  winch,  gives  the  drums 
a  wider  pitch.  The  pitch  of  the  rails  is  usually  from 
4  ft.  6  in.  to  6  ft.  6  in.,  and  a  drum  pitch  of  3  ft.  9  in.  gives 
good  results.  If  the  pitch  is  too  narrow  the  turns  on 
the  drum  ride  over  one  another  and  cause  undue  wear 
of  the  ropes,  besides  danger  of  sudden  jerks  to  the  rope. 
One  of  the  drums  should  be  capable  of  rotation  about 
the  shaft  when  necessary  for  adjustment  of  the  ropes, 
and  this  is  usually  effected  by  means  of  a  clutch.  One 
band  brake  held  oft'  by  the  driver's  foot  is  sufficient  in 
most  cases. 

Electric  braking  has  not  been  a  great  success  and  is 
generally  unnecessary'. 

A  recording-ammeter  chart  of  a  t}-pical  winch  will 
be  found  in  Fig.  8. 

Puddler  drives. — A  puddler  drive  presents  a  fluctuating 
load.  In  the  case  of  a  single  high-speed  puddler  the 
normal  power  absorbed  is  about  12  b.h.p.,  which  rises 
to  24  whenever  a  lead  of  karang  is  dumped  and  continues 
at  that  point  for  about  one  minute.  As  a  liigh-speed 
puddler  runs  at  120  r.p.m.  it  is  usual  to  employ  a  single-, 
reduction  back-geared  motor  in  conjunction  with  a 
belt  drive,  a  flywheel  being  generally  used  to  help  the 
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motor  at  the  moment  the  karang  is  dumped.  Gears 
should  run  in  an  oil  bath,  otherwise  owing  to  the  dust 
and  grit  wliich  is  always  about  they  become  intolerably 
noisy. 

Low-speed  puddlers  run  at  about  5  to  g  r.p.m.  and 
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Fig.  II. 

the  power  absorbed  is  about  S  to  13  b.h.p.  per  puddler. 
They  are  generally  run  in  groups  of  two,  and  being  larger 
and  having  a  great  inertia  the  fluctuations  of  current 
are  not  so  great. 

Pumps.— h.  whole  treatise  might  be  written  on  the 
subject  of  the  use  and  abuse  of  pumps  in  mining.     The 


centrifugal  pump  is  invariably  used,  and  wisely  so,  as 
the  water  pumped  contains  certain  quantities  of  grit 
in  all  cases. 

Unfortunately,  it  is  almost  impossible  to  place  a 
pump  and  continue  to  work  it  for  any  length  of  time 
where  it  can  show  its  best  performance  ;  sooner  or  later 
it  will  be  put  to  work  at  an  unsuitable  head.  The 
number  of  units  wasted  by  the  use  of  centrifugal  pumps 
under  unsuitable  conditions  must  be  enormous. 

Purchasers  of  pumps  should  obtain  characteristic 
curves  for  each  pump  they  purchase:  these  will  be 
supplied  gladly  by  first-class  makers.  These  curves 
should  be  of  the  nature  of  the  set  in  Fig.  11,  and  with 
this  information  the  effect  of  variations  of  speed,  head 
and  quantity  can  be  forecasted  and  the  pump  run 
under  the  most  favourable  conditions.  Without  this 
information,   however,   one   can   only   guess. 

Where  speed  variation  is  necessary  with  three-phase 
motors  tills,  if  moderate',  may  be  obtained  by  the  use 
of  rotor  resistances  ;  but  if  a  larger  variation  is  required 
a  belt  drive  is  generally  adopted. 

Specification  of  Electrically-driven  Bucket 
Dredges. 

Cables. — The  cables  for  connecting  the  dredge  to 
the  shore  calls  for  special  features  ;  it  must  be  flexible, 
mechanically  strong,  impregnable  to  moisture  and 
continual  change  of  conditions,  since  it  is  alternately 
immersed  in  water  and  exposed  to  the  sun.  It  shoidd 
also  be  as  light  as  possible. 

The  type  of  cable  used  on  the  Tin  Bentong  dredge 
has  been  found  satisfactory  over  a  period  of  two  years. 
A  specification  of  this  cable  is  given  under  the  descrip- 
tion of  the  Tin  Bentong  dredge.  The  armouring  of  this 
cable,  however,  shows  signs  of  corrosion,  and  the  authors 
therefore  recommend  that  armouring  should  be  heavily 
galvanized  and  covered  with  a  protective  compounded 
braiding. 

The  cables  for  connecting  the  motors  to  the  low- 
tension  switchboard  should  comply  with  the  following 
specification  : — 

The  cables  to  be  three-core,  each  core  with  one 
wrapping  of  paper  covered  with  four  tapes  of  varnished 
cambric,  the  cores  being  laid  together  and  served  with 
compounded  jute,  covered  with  a  layer  of  varnished 
cambric  and  braided  overall.  The  motor  cables  should 
be  run  in  piping  clamped  to  the  framing  of  the  dredge. 

Motors. — .\11  motors  should  be  designed  for  a  working 
voltage  of  400. 

The  bucket-line  motor  has  the  most  exacting  duty 
of  any  to  perform,  since  it  is  liable  to  sudden  shocks 
and  overloads  caused  by  the  buckets  coming  into  con- 
tact with  limestone  pinnacles,  clay  banks,  or  submerged 
timber.  It  must  be  reversible  and  capable  of  running 
slowly  at  light  loads  to  permit  of  inspection  and  repairs 
to  buckets.  The  speed  regulator  can  be  of  the  grid  or 
liquid  type  ;  the  former  will  probably  be  found  more 
suitable  in  practice,  as  clean  water  is  not  always  obtain- 
able from  the  dredge  pond. 

The  remaining  motors  of  the  dredge  equipment  call 
for  no  special  features  ;  they  must  all  be  of  the  protected 
type,   drip-proof    and  capable  of  carrying  their  rated 
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full  load  with  a  rise  in  temperature  not  exceeding 
63  degrees  F.  with  continuous  operation. 

The  horse-power  of  the  motors  required  varies  con- 
siderably according  to  the  nature  of  ground  treated, 
size  of  buckets,  and  digging  depth. 

The  aggregate  capacity  of  motors  installed  for  a 
dredge  capable  of  treating  75,000  cubic  yards  of  solid 
per  month  at  a  depth  of  50  feet  would  be  approxi- 
mately 300  b.h.p.  The  digging  capacity  of  dredges  now 
installed  in  the  Federated  Malay  States  varies  from 
70,000  to   120,000  cubic  yards  permonth. 

The  following  table  gives  the  rating  of  the  bucket- 
Une  motor  on  some  American  dredges. 


The  total  consumption  of  power  per  cubic  yard 
treated  for  a  moderate-sized  dredge  would  be  approxi- 
mately  i'7  kilowatt-hours. 

The  authors  are  of  opinion  that  for  a  group  of  elec- 
trically-driven dredges  there  would  be  a  saving  of  ;£ioo 
per  dredge  per  month  over  a  steam-driven  dredge. 

Conversion  from  Ste.^m  to  Electric  Drive. 

The  advisability  of  converting  existmg  steam  dredges 
to  electrical  drive  is  a  question  which  may  present 
itself  to  the  mining  engineer  in  the  near  future,  and 
before  reaching  a  decision  the  following  points  must 
be  considered  : — 

(i)  Lifetime  of  property,  efficiency  of  existing  steam 
plant,  and  whether  the  existing  plant  will  efficiently 
last  the  life  of  the  dredge. 

(2)  Location  of  dredge  and  faciUty  of  fuel  transport. 

(3)  Cost  of  fuel. 

(4)  Cost  of  conversion  to  electric  drive,  and  time 
required  to  make  the  conversion. 

Lode  Mining. 

Lode  and  allu\'ial  mining  present  entirely  different 
problems  and  when,  as  at  present,  tin  of  greater  purity 
can  be  won  more  easily  in  alluvial  workings  there  is  not 
much  likelihood  of  great  efforts  being  made  to  develop 
lode  mines  where  the  rock  has  to  be  blasted  out  and 
crushed  under  stamps  in  order  to  bring  it  approximately 
to  the  state  in  which  it  is  found  in  alluvial  workings. 

The  Government  of  the  Federated  Malay  States 
recognize  the  greater  difficulty  of  lode  working,  by 
granting  a  rebate  in  certain  cases  on  tin  ore  produced 
by  this  means. 

Vol.  58. 


In  the  future,  however,  when  the  alluvial  deposits 
have  been  turned  over  and  over  by  processes  of  increas- 
ing efficiency  until  their  valuable  contents  have  been 
exhausted,  a  time  will  come  when  lode  mining  will 
receive  more  attention. 

There  are  only  about  half  a  dozen  mines  of  any 
importalnce  coming  under  this  categorj^  m  the  Federated 
Malay  States,  two  of  them  very  small,  but  another, 
Pahang  Consolidated,  the  largest  producer  in  the 
F.M.S.  and  probably  the  second  largest  in  the  world. 

In  nearly  all  these  mines  electricity  is  in  use  to  some 
extent  and  its  use  is  being  extended,  and  as  lode  mining 
on  anything  but  a  very  small  scale  is  sure  to  be  carried 
out  by  European  companies  in  future,  we  may  look 
forward  to  the  time  when  there  will  be  a  fairly  heavy 
demand   for  electrical   power  from   tliis  source. 

The  engineering  problems  in  lode  mining  need  not 
be  discussed  at  length  as  they  are  practically  similar  to 
those  encountered  in  gold  mining. 

Power  is  required  underground  for  pumping  and 
hauling  and  drilling,  and  on  the  surface  for  driving 
rock  crushers,  stamps,  tables  and  other  tin  dressing 
machinery. 

A  few  particulars  of  two  lode  mines  will  be  found 
in  Table  3. 

Conclusion. 

The  authors  in  conclusion,  wish  to  thank  the  managers 
and  engineers  of  all  the  mines  mentioned  in  the  body 
of  the  paper  or  in  the  Tables,  for  supplying  the  data 
without  which  the  writing  of  this  paper  would  have 
been  impossible.  In  some  cases  special  records  have 
been  kept  for  the  purpose,  and  in  others  much  time 
has  been  spent  in  looking  up  and  classifying  old  data, 
and  the  authors  very  much  appreciate  what  has  been 
done  :  they  also  have  to  thank  Mr.  W.  Eyre  Kenny, 
M.Inst.C.E.,  Senior  Warden  of  Mines,  F.M.S.,  and  the 
Bucyrus  Company  for  much  useful  information. 

Finally  the  authors  would  urge  all  mine  managers 
to  install  proper  recording  instruments  and  to  keep 
accurate  records  of  power  costs  as  a  matter  of  routine  ; 
by  omitting  to  do  so  one  of  the  advantages  of  the 
electric  drive  is  thrown  away. 


APPENDIX. 

Hydraulic-Electric  Mining. 

List  of  Symbols. 

Q  =  Total  pressure  water  available,  cubic  feet  per  min. 
QM=Monitor  water  in  cubic    feet   per  min.   under  net 

head  Hx  feet. 
Qs=  Seepage   and  other   water  in  addition  to  monitor 

water  that  has  to  be  raised  from  the  mine. 
Qp  =  Pelton  wheel  water  in  cubic  feet  per  min.  under 

net  head  Hp  feet. 
Qj  =  Elevator  water  (c.f.m.)  under  net  head  H^  feet. 
H  =  Total  net  head,  available  feet. 
A  =  Lift  in  feet  from  sump  to  sluice  box. 
HN  =  Head  developed  by  nozzle  pump. 
G  =  Gravel  raised  in  cubic  feet  per  min. 
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Efficiencies. 


Hydraulic  elevator 
Gravel  pump 


i6'6  per  cent. 
38  per  cent. 


Loiv-tension  Hydro-eleciric  Plant 

Pelton  wheel  0-70 

Generator .  .  0-93 

Distribution  0-98 

Motor         ..  0-88 

Pump         ..  0-38, 


Overall  0-23,  i.e.  23  per  cent. 
Motor  and  pump  only  33-4  per  cent. 


High-tension  Hydro-electric  Plant. 


Pelton  wheel  0-76    > 

Generator..  0-93 

Step  up     ..  0975 

Line  . .  0-90 

Step  down  0-97 

Distribution  0-98 

Motor        ..  0-88 

Pump         .  .  0-38  / 


Overall  0-195,  i-*-'-  I9'5  P©''  cent. 
►Motor   and    pump    only  33-4   per 
cent. 


Where  electrical  conditions  differ,  a  suitable  efficiency 
figure  must  be  calculated  and  substituted  in  the  following 
equations. 

System  i. 

Ground  sluicing  with  gravel  pumps  or  hydraulic 
elevators. 

Work  to  be  done  in  elevating  mixture. 

(QsX  62-3 +  100  G)  h  ft.  lb.  per  min. 
Work  obtained  from  gravel  pumps,  ft.  lb.  per  min. 

(QpHpX62-3Xo-23  =  QpHpXl4-3)   .     .     (i) 
Work  obtained  from  elevators,  ft.  lb.  per  min. 

(QeHex62-3xo-i66=QeHeXio-3)  .     .     (2) 
But  Hp=HE  =  H-/i 

•■■  Qp:Qe  ::  103  :  i43 

There  is  a  saving  of  28  per  cent  in  water  by  using 
gravel  pumps  for  the  same  work  done  in  elevating. 

System  2. 
[See  Figs.  5  and  9.) 

Hydraulicing  under  natural  head,  with  gravel  pumps 
or  elevators.     Full  available  head  used  at  monitors. 

Useful  work  to  be  done  by  pumps  or  elevators,  ft.  lb. 
per  min. 

{(Qm  +  Qs)62-3  +  iooG}/;   ■     .     .     .     (3) 

If  Qs  is  10  per  cent  of  Qm  and  G  7  per  cent  of  Qm 
we  get 


75-53  h  Q\ 


Using  pumps, 

QpHpx  14-3  =  75-53  /(Qmp- 


•     (4) 
■      (5) 


Using  elevators. 

Qe  Hex  10-3  =  75-53  A  Qme      ...     (6) 

[Note. — Qmp  and  Qme  =  monitor  water    (cubic    feet 
per  min.)  using  pumps  and  elevators  respectively.] 


Qme_  10-3  (H-/i) 
Qe        75-53/! 


(7) 


(Note. — If  G=5  per  cent  of  Qm  equation  (4)  becomes 
73-53  /'Qm- 


Qmp__I4-3(H-;0 
Qp  75-53  h 

From  (7)  and   (8)   we  get 

Pme        0-136  C 


Q        0-I36C  +  1 
Qmp^    0-189  C 
Q       0-189  C+i 


(8) 

(9 
(10) 


where  C  = 


H-/! 


These  equations  give  the  proportions  to  total  of 
monitor  water  available  when  using  gravel  pumps 
and  elevators  respectively,  and  Fig.  5  has  been  prepared 
by  their  use. 

System  3. 

Hydraulicing  under  natural  head,  with  gravel  pumps. 

Divided-head  System.      High-tension  Transmission. 
In  this  case  equation   (5)  becomes 

QpHp  X  12-1  =  75-53 /jQm      .     .     .     (11) 

as    Qp  =  Qm    since    all    water    passing    Pelton    goes  to 
monitors 

Hp 


h 


=6-2 


12 


In  words,  the  fall  to  the  power  house  must  be  6-2 
times  the  height  of  lift. 

From  equation  (12)  the  curves  in  Fig.  6  have  been 
prepared. 

System  4. 

Hydraulicing  under  head  wholly  or  partly  produced 
by  pump,  lifting  by  gravel  pump. 

The  pump  efficiency  will  be  about  60  per  cent,  giving 
an  overall  efficiency  from  turbine  nozzle  of  36-5  per 
cent. 

Total  power  available  at  power  house 

=  Q  H  X62-3  ft.  lb.  per  min. 

Work  done  in  raising  gravel  and  water  is  as  before 

{(Qm  +  Qs)  62-3  +  100  G}A 

But  power  has,  in  addition,  to  be  furnished  to  put 
Qm  under  a  head  Hjj. 
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Total  power  required  at  power  house,  ft.  lb.  per  min 
_  {(Qm+Qs)62-3  +  iooG}a      QmHn  X  62^3 


(13) 


023  0365 

or  if    10  per  cent  seepage  and  a  7  per  cent  mixture  are 
assumed  as  before,  tliis  equation  becomes 


75;53  h  Qm        Qm  Hn  X62-3 
0-23  0-365 


(14) 


(16) 


.-.  QHx62-3  =  Qm  {328^  +  170  Hn)    .     •     (15) 

By  varying  the  efficiency  figures  in  (13)  to  suit  the 
case,  the  power  required  for  a  steam  or  other  plant 
may  be  calculated. 

Gravel  Pump  Tests. 

Test  I. — Average  of  several  runs  at  different  times. 

Gravel  pump,  8  in.  delivery. 

Motor,  120  b.h.p. 
Q  =  Water  pumped  =  298-5  c.f.m.* 
G  =  Solids=i8-22  c.f.m. 
U=Units  used  per  hour=52-6. 
A=Lift  =  43  ft. 

Efficiency  of  pump  and  motor 

h  (Qx62-3+Gxioo) 
0x44,240 

[Note. — i  unit  per  hour  =  44,240  ft.  lb.  per  min. 
Substituting,  this  works  out  at  37-8  per  cent.] 

Allowing  a  motor  efficiency  of  83  per  cent, 
Efficiency  of  pump  =  44-5  per  cent. 

Test  2. — Gravel  pump,  6  in.  deUvery. 

Motor  40  b.h.p.     5  days'  run. 
Q  =  Water  pumped  =  131-4  c.f.m. 
G  =  Solids  =  7-i55  c.f.m. 
U  =  Units  used  per  hour  =  25-48. 
h  =Lift  =  42  ft. 

Efficiency  of  pump  and  motor  using  the  same  formula 
=  33-17  per  cent. 
Allowing  a  motor  efficiency  of  85  per  cent. 
Efficiency  of  pump  =  39  per  cent. 

Test  3. — .Average  over  a  year. 

Pelton-wheel    drive    direct-coupled    to    8-in.    gravel 
pump. 
•  "  Cf.m."  is  used  in  these  calculations  for  "  cubic  feet  per  minute.*' 


Water  raised  =  26i-8  c.f.m. 
Gravel  raised=  18,000  cubic  yards  per  month. 
Lift  =  45-7  ft. 

Water  used  by  Pelton  wheel  =  88-44  c.f.m. 
At  net  head  =  500  ft. 

Then  useful  work  done  by  Pelton  wheel  allowing 
75  per  cent  efficiency  =  88-44  X62-3  X500  xo-75. 

18,000  cubic  yards  per  month  average  is  11 -og  c.f.m. 

Theoretical  work  done  in  raising  water  and  gravel 

=  45-7  (261-8  X62-3  + 1 1-09x100)  =  17,419-14  X45-7. 

^  ^  .  I7,4i9"i4  X45-7  xioo 

Pump  efficiency = 7=38-5  per  cent 

-      22-44X62-3X500XO-756 

Hydraulic  Elevators. 

Test  I. — Average  over  a  year.  From  Mr.  J.  J. 
Garrards'  paper  published  in  Balletin  No.  149  of  the 
Institution  of  Mining  and  Metallurgy. 

H  =  i27  ft. 

Qe  =  330-4- 
Qm=2I2-3. 

Qs  =  i5- 
G  =  io-98. 

A  =  23-3- 


_^{(0M  +  Qs)62-3-fiooG} 


-   (17) 


Elevator  efficiency = 

62-3  Qe(H-/.) 

Substituting  figures  as  above. 

Elevator  efficiency  =16-58  per  cent. 

Test  2. — Hydraulic  elevators  during  1917  on  Gopeng 
Consolidated. — Average  over  a  year. 

H=403-7ft. 

Qe  =  3II-4 
Qm  =  204. 

Qs=o. 
G=i2-6. 

A  =  70. 

Using  formula  (17),  elevator  efficiency  =i5-i  per  cent. 

[Note. — All  gravel  pump  and  elevator  efficiency 
figures  in  this  paper  include  frictional  pipe  losses  under 
average  mining  conditions  where  the  run  of  piping  is 
kept  as  short  and  free  from  bends  as  possible.] 


Discussion  before  The  Institution,  18  December,  1919. 


Mr.  W.  H.  Patchell  :  The  authors  seem  to  have 
fallen  on  rather  evil  times,  for  I  notice  that  in  1913 
they  had  50,000  tons'  export,  whereas  it  was  stated  in 
the  Times  of  yesterday  that  the  export  of  tin  from  the 
Federated  Malay  States  was  steadily  decreasing  :  it 
had  gone  down  to  47,000  tons  in  1915,  37,000  tons  in 
1918,  and  for  the  first  g  months  of  this  year  only  28,000 
tons  had  been  exported.  Of  course  it  will  be  highly 
important  with  that  decreasing  output  to  take  every 
possible   step  to  reduce  the  cost.     To  take  what  may 


seem  to  the  authors  a  technical  objection,  to  one  who 
is  used  to  working  in  EngUsh  mines  the  places  dealt 
with  in  the  paper  are  not  mines  at  all  but  quarries.  A 
mine  in  England  is  a  covered  mine.  Open  work  is  a 
quarry  and  not  a  mine  at  all.  Of  course  the  same  rules 
and  regulations  apply.  On  page  173,  where  mention 
is  made  of  open  cast  mining,  hydrauUc  mining  and  bucket 
dredginsr,  I  take  it  that  there  an  open  cast  mine  is 
practically  an  open  quarry  worked  by  hand  or  by  hydrau- 
licing.     I  also  take  it  that  in  No.  2  it  is  an  open  cast 
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mine  worked  by  hydraulicing  only,  and  that  No.  3  is 
practically  a  pond  which  is  worked  by  bucket  dredging. 
Those  who  have  seen  a  bucket  dredger  at  work  must 
have  been  impressed  by  its  enomnous  size  and  its  un- 
wieldiness.  The  authors  are  not  mining  engineers — 
they  are  only  looking  at  the  subject  from  the  electrical 
point  oi  view — but  when  one  sees  the  shrinkage  of  the 
output  of  tin  from  the  Federated  Malay  States  one 
wonders  what  the  efficiency  of  recovery  is.  The 
puddling  de.scribed  oh  page  173  makes  slimes,  and 
unless  there  are  some  verj'  careful  steps  taken  those 
sUmes  are  to  a  great  extent  lost  and  it  is  left  for  some- 
body else  to  work  the  ground  over  again  when  more 
efficient  methods  of  recovery  are  adopted.  The  descrip- 
tion gi\en  on  page  173  is  just  the  way  to  make  slimes. 
Small  pieces  of  tin  may  be  ground  round  with  the  gravel 
into  excellent  sUmes.  I  am  sorry  to  have  to  refer 
again  to  something  of  which  I  have  complained  elsewhere. 
Why  should  wc  call  what  is  essentially  an  English 
invention  a  semi-Diesel  ?  *  It  is  not  a  semi-Diesel 
engine  at  all.  It  is  a  hot-bulb  engine  which  the  authors 
mean,  I  think,  and  it  is  a  pit}'  to  go  abroad  to  find  a 
name  for  what  is  essentially  an  English  invention. 
It  was  first  worked  out  by  Ilornsby's  under  the  Ackroyd 
Patents  and  now  many  firms  make  it.  On  the  first 
page  the  authors  speak  of  7,600  kw.  of  generating  plant 
and  8,300  h.p.  of  motors,  but  they  do  not  tell  us  how 
many  "  mines  "  there  are.  Thej'  suggest  that  coupUng 
up  and  interconnecting  is  a  good  thing,  but  then  we 
are  told  that  there  are  very  heavy  rentals  for  wayleaves. 
Are  we  going  to  get  in  the  Federated  Malay  States  the 
trouble  which  we  have  had  in  this  countrj-  with  way- 
leaves,  or  are  some  special  remedies  to  be  introduced  ? 
I  agree  ^vith  the  authors'  statement  on  page  175  that 
steam  users  with  a  certain  maximum  horse-power 
installed  have  a  way  of  over-estimating  the  h.p. -hours. 
We  find  it  over  and  over  again  when  we  are  considering 
driving  propositions.  In  the  same  way  at  the  end  of 
the  paper  the  authors  suggest  that  all  mine  managers 
should  install  proper  recording  instruments,  for  they 
are  often  as  big  sinners  as  the  steam  users.  They  do 
not  know  what  their  motors  take  to  work,  and  neglect- 
ing the  faciUty  for  the  ready  checking  of  electrical 
driving  they  cannot  fully  appreciate  its  advantages, 
and  they  use  it  in  almost  as  clumsy  a  way  as  steam 
driving.  It  is  a  little  difficult  to  follow  the  authors 
in  their  different  classes  of  mining.  I  take  it  hydraulic 
mining  is  the  washing  down  by  a  monitor  and  ejecting 
the  washed-down  material  with  an  hydraulic  elevator, 
and  that  the  hydraulic-electric  is  wasliing  down  by  a 
m.onitor  and  hfting  the  washed-out  material  with  a 
gravel  pump.  The  authors  show  one  pattern  of  gravel 
pump,  the  Thompson.  This  is  a  tj^se  of  centnfugal 
pump  with  a  very  crude  internal  cast-iron  lining,  so 
that  the  inside  parts  can  be  readily  renewed  as  they 
become  worn.  Then  we  come  to  the  suction  dredge. 
A  Uttle  further  on  in  the  paper  the  authors  mention 
the  gravel  pump  on  the  suction  dredge,  but  they  skip 
the  nozzle  pump  and  do  not  tell  us  what  power  it 
takes.  If  one  v\'ishes  to  compare  the  power  taken 
by  a  bucket  dredge  with  a  suction  dredge,  one  has 
not  got  the  figures  in  the  paper.  It  would  be 
•  Since  corrected. 


useful  if  the  authors  would  give  them.  In  the  suction 
dredge,  a  suction  pipe  is  not  going  to  pick  up  hard 
consolidated  gravel.  We  have  to  loosen  such  gravel 
with  an  hydraulic  jet  so  that  the  suction  dredge  has  to 
be  fed  practically  with  a  high-pressure  under-water 
monitor.  That,  I  take  it,  is  what  the  authors  are  de- 
scribing here  when  they  allude  to  churning  up  the  gravel. 
When  we  have  a  bucket  dredge  we  put  the  spuds  out 
behind  the  dredge  to  prevent  it  going  backwards,  and 
force  it  forwards  by  driving  the  b\ickets  into  the  material. 
The  suction  dredge  will  not  do  that.  It  will  pick  up 
loose  stuff  but  not  consolidated  stuff  unless  this  is  first 
broken.  The  authors  give  us  the  horse-power  of  the 
main  pump  but  not  of  the  hydraulic  "poker"  which 
is  used  to  stir  up  the  stuff.  As  the  authors  lemind  us, 
we  are  up  against  the  old  trouble  of  alternating  current 
versus  direct  current.  If  we  had  not  had  so  much 
trouble  with  commutators  in  the  old  days,  I  do  not 
think  we  should  have  as  much  trouble  now  with  slip-rings. 
People  turn  their  backs  on  direct  current  and  adopt 
slip-rings,  to  find  sometimes  that  they  are  going  out 
of  the  frjfing  pan  into  the  fire.  I  know  one  country 
now  where  they  are  trying  to  make  a  rule  that  no  direct 
current  shall  be  used  at  all,  but  that  everything  shall 
be  alternating  current.  It  will  be  a  great  pit}'  if  such  a 
rule  is  made,  because,  whatever  devices  are  introduced, 
alternating  current  is  not  as  convenient  as  direct 
current  for  speed  regulation.  The  best  method  of 
regulating  alternating  current  is  more  or  less  inefficient, 
and  so  much  work  is  best  done  with  variable-speed 
motors.  If  it  is  a  really  serious  job,  what  happens  is 
that  a  motor-generator  is  put  in  and  the  work  done 
by  direct  current.  The  authors  mention  the  pressure 
used  for  hydrauhcing.  They  say  there  is  no  economy 
in  using  pressures  higher  than  about  200  lb. — call  it 
roughly  400  ft.  I  quite  agree  there  is  not,  but  they 
mention  in  one  place  50  ft.  That  is  only  about  25  lb., 
and  that  is  not  high  enough  to  do  any  real  good.  When 
we  are  hydraulicing  we  have  to  make  the  force  of  our 
jet  such  as  will  loosen  the  material,  but  we  have  to  get 
as  much  water  running  through  that  jet  as  will  wash 
the  material  away  and  therefore  we  have  to  get  a  certain 
relation,  in  \'iew  of  the  material  which  we  are  trying 
to  loosen,  between  the  pressure  and  the  quantity.  I 
should  like  to  ask  the  authors  why  they  quote  lengths 
in  "  chains."  Nobody  except  surveyors  uses  the  term 
"  chains  "  nowadays.  There  is  an  interesting  point 
regarding  the  motors  on  the  Bentong  dredge. 
The  dredge  proper  has  a  150-h.p.  motor  to  work  the 
bucket  chain,  and  a  25-h.p.  motor  for  the  mooring 
winch;  call  it  175  h.p.  for  the  dredge  proper.  Thus 
there  are  5  motors — total  420  h.p.  for  the  auxiliaries, 
compared  with  175  h.p.  for  the  dredge  only.  How 
much  work  beyond  the  actual  washing  of  the  gravel 
is  done  on  the  dredge  ?  If  it  has  taken  175  h.p.  to  get 
the  stuff  out  of  the  ground  on  to  the  dredge,  and  420 
h.p.  for  the  motors  to  rough  wash  it,  how  much  of 
the  milling  of  the  tin  is  done  on  the  dredge  and  how  much 
is  done  elsewhere  ?  Such  figures  are  wanted  when 
comparing  the  175  h.p.  for  a  bucket  dredge  with  the 
data  for  a  suction  dredge.  There  is  an  interesting  point 
with  regard  to  the  screening  of  the  material  after  it 
has  been  got  on  board  the  dredge.     It  takes  a  200-li.p. 
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motor  to  keep  the  screen  clean.  The  high-pressure  pump 
in  the  middle  of  the  group.  Table  5,  supplies  water  to 
the  srreen,  so  it  takes  more  power  and  water  to  keep 
the  screen  clean,  and  that  is  not  the  water  which  is 
going  over  the  screen  ;  it  is  only  a  sort  of  hydraulic 
poker  to  keep  the  stuff  aliv'e  on  the  screen.  The  water 
which  goes  over  the  screen  and  which  does  the  actual 
washing  is  supplied  by  the  low-pressure  pump. 
The  description  of  the  Federated  Malay  States' 
climate  almost  applies  to  England  !  Will  the  authors 
tell  us  what  are  the  hygrometric  conditions,  because 
the  care  of  motors  and  the  care  of  cooling  towers 
do  not  depend  entirely  on  temperature  ;  they  depend 
a  great  deal  on  the  hygrometric  conditions  ?  (If 
we  go  to  the  right  place  we  can  get  90  inches  of  rain  a 
year  in  England.)  Will  the  authors  also  tell  us  the 
elevation  above  sea-level  ?  The  authors  recommend 
the  British  Engineering  Standards  Association's  voltages, 
with  the  addition  of  230  volts,  which  comes  about  by 
somebody  running  a  middle  wire  from  a  400-volt  3-phase 
star  system.  But  then,  after  adopting  the  whole  of 
the  British  Standards,  with  the  addition  of  that  one, 
they  disagree  with  the  temperatures.  I  absolutely 
agree  vrith  them.  I  think  the  tendency  of  the  British 
Engineering  Standards  Association  now  is  to  take 
the  temperatures  too  high,  and  I  wi';h  the  authors  could 
get  them  reduced.  The  switchboard  conditions  are 
rather  amusing.  They  have  to  be  insect-proof.  We 
know  that  in  this  country  we  had  to  make  them  cat- 
proof  and  then  rat-proof  and  mouse-proof.  In  the 
early  days  before  meters  were  made  so  well  as  they  are 
now,  we  had  to  make  them  cockroach-proof.  On  the 
top  of  page  187,  the  second  column,  what  the  authors 
call  a  winch  is  what  we  generally  call  a  haulage.  What 
is  the  common  haulage  speed  adopted  in  the  Federated 
Malay  States  ?  It  is  an  interesting  point.  I  have 
generally  found  that  6  miles  an  hour  for  haulages  in 
which  the  trucks  have  to  be  handled  frequentjy  is  quite 
fast  enough,  but  for  long  haulages  where  handling  does 
not  matter  much  the  speed  can  be  raised  rather 
higher.  On  the  same  point,  the  authors  recommend 
a  double  drum  for  hauling  on  an  incline.  I  have  found 
a  continuously  runmng  shaft  with  up  to  4  drums 
on  it  very  handy  indeed.  There  is  an  important 
point  which  has  not  been  taken  into  consideration  in 
regard  to  these  pumps.  For  mining  work  and  rough 
work  it  is  necessary  to  choose  the  pump  so  that  if  the 
head  varies  the  motor  will  not  be  overloaded.  That 
rather  depends  on  the  class  of  pump  one  is  using. 

Mr.  Llewellyn  Foster :  The  detail  information 
which  the  authors  have  given  can,  I  think,  to  some 
extent  be  compared  with  China  clav  working  in  Cornwall. 
Mr.  Patchell  has  pointed  out  that  these  Straits  mines 
are  not  really  mines  but  quarries,  and  China  clay  is 
worked  in  a  very  similar  sort  of  way.  In  China  clay 
working  we  are  up  against  the  same  kind  of  difficulty, 
first  of  all  as  to  the  amount  of  pressure  to  be  used  at  the 
nozzle.  That  I  may  say  does  not,  as  a  rule,  exceed 
100  to  120  lb.  per  square  inch.  One  of  the  greatest 
difficulties  with  regard  to  the  China  clay  gravel 
pumps  is  that  they  come  across  a  lot  of  limestone. 
I  was  speaking  to  a  well-known  China  clay  manager 
to-day,  and  he  tells  me  that  originally  they  used  a  mesh 


on  the  suction  of  ij  inches,  as  he  had  been  informed 
by  the  makers  of  the  pump  that  the  pump  would  be 
quite  capable  of  dealing  with  anything  which  would 
pass  through  i^  mches.  He  soon  found,  however, 
that  this  was  not  the  case  because,  if  he  got  two  i-inch 
pieces  going  through,  they  promptly  jammed  inside 
and  played  havoc  with  the  pump.  Therefore  he  has 
now  reduced  the  mesh  until  it  has  got  down  to  |  inch, 
and  with  such  a  mesh  he  finds  quite  satisfactory  results. 
In  a  good  many  of  the  China  clay  quarries  in  Cornwall 
they  work  electrically,  that  is  to  say,  they  drive  their 
pumps  electrically,  and  the  efficiency  is  quite  satisfactory. 
I  am  sorry  I  cannot  give  any  definite  figures,  as  I  have 
not  had  time  to  get  them.  They  have  a  great  deal 
of  trouble,  as  might  be  expected,  with  the  bearings  of 
the  gravel  pumps.  I  do  not  know  how  long  some  of 
them  last,  but  for  a  bearing  to  last  six  weeks  is  quite 
good.  That  difficulty  has  quite  recently  been  overcome 
at  one  of  the  big  China  clay  quarries  by  the  adoption 
of  a  special  bearing,  and  I  was  informed  by  the  same 
manager  that  he  has  some  gravel-pump  bearings 
which  originally  would  have  worn  out  in  six  weeks 
but  have  now  lasted  for  two  years.  So,  whatever 
he  has  done,  it  is  something  very  efiicient.  With 
regard  to  tin  mining  in  Cornwall,  no  doubt  many  of 
the  members  know  that  practically  the  whole  of  the 
tin  won  in  the  United  Kingdom  comes  from  Cornwall, 
and  none  of  the  mining  in  Cornwall  is  carried  out  by 
the  process  described.  The  Cornish  tin  mines  are  real 
mines  in  practically  every  case,  some  being  300 
to  600  fathoms  deep.  The  ore  is  blasted  out,  taken 
to  the  top,  and  crushed.  Thereafter  the  treatment  is 
very  much  the  same  as  that  indicated  in  the  paper. 
There  are  one  or  two  questions  which  I  should  like  to 
ask  the  authors.  I  have  been  looking  at  the  Tables 
and  trying  to  find  out  the  units  consumed  per  cubic 
yard  treated  Taking  Table  i,  "  open  cast  mines," 
and  working  out  the  two  first  instances  given,  it 
comes  to  5-3  units  per  cubic  yard.  If  we  take  Table  2, 
"  hydraulic-electric  mines,"  and  again  take  the  first 
two  cases,  it  works  out  to  4-6  units  per  cubic  yard.  If 
we  take  the  "miscellaneous  mines"  in  Table  3,  again 
taking  the  first  two  cases,  that  works  out  to  19 
units,  which  seems  rather  a  curious  drop.  If  we 
take  the  "  French  .nune  "  in  Table  4,  that  works 
out  to  3  units  per  cubic  yard.  There  seems  to  be 
a  considerable  variation,  and  I  wonder  if  the  authors 
can  account  for  this.  With  regard  to  alternating 
current  versus  direct  current,  there  is  no  doubt 
that  where  we  are  using  gravel  pumps,  and  in  much 
of  the  machinery  for  driving  tin-mining  recovery, 
we  must  have  a  fairly  close  variation  of  speed  ;  that  is 
to  say,  we  must  be  able  to  regulate  within  quite  small 
limits.  It  seems  to  me  that  there  is  no  possible 
way  of  doing  that  satisfactorily  unless  we  use  direct 
current,  and,  as  Mr.  Patchell  suggests,  if  we  can 
group  mines  together,  why  not  put  down  a  motor- 
generator  and  have  direct-current  motors  ?  I  was 
rather  interested  in  the  load  curve  of  the  power  house  on 
page  183.  and  have  been  trying  to  discover  whether  they 
worked  in  any  particular  kind  of  shift  or  whether  there 
was  any  fixed  time  when  the  mine  or  dredge,  as  the 
case  might  be,  was  shut  down.     I  am  afraid  I  cannot 
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do  this.  W  ith  regard  to  the  local  atmospheric  conditions, 
tlicse  are  rather  trying,  but  I  doubt  if  they  are  any 
more  trying  than  those  in  Australia.  Those  members 
who  have  been  there  know  that  there  is  not  so  much 
moisture  as  is  mentioned  in  the  paper,  but  it  is  usually 
very  much  hotter.  Many  years  ago  I  was  instrumental 
in  putting  some  electrical  plant  into  the  Broken  Hill 
silver  mines.  We  had  great  trouble  with  the  generators 
due  to  the  fact  that  they  were  designed  for  working  in 
England,  but  the  initial  temperature  out  there  made 
them  very  unsatisfactory,  and  we  used  to  have  very 
frequent  trouble.  I  see  that  the  authors  recommend 
a  temperature  rise  of  63  degrees  F.  with  the  temperature 
of  the  air  at  95°  F.  That  gives  158°  F.,  which  seems 
very  high.  With  regard  to  keeping  the  apparatus 
insect  and  animal  proof,  we  found  in  Australia  that  a 
snake  apparently  could  get  through  anything  except 
cast  iron.  We  found  that  no  kind  of  box  would  keep 
snakes  or  insects  out,  at  least  not  for  any  length  of 
time.  Flow  they  got  through  I  do  not  know,  but  they 
did  in  the  most  extraordinary  way,  and  when  they  do 
get  through  they  accumulate  together,  and  that  is  what 
finally  causes  the  trouble.  With  regard  to  transformers, 
I  should  like  to  know  if  the  authors  can  tell  us  whether 
they  have  had  trouble  with  oil-filled  tiansformers  and, 
if  they  had,  whether  they  took  any  steps,  and,  if  so, 
what  steps,  to  ascertain  periodically  the  condition  of  the 
oil.  We  are  having  a  good  many  breakdowns  now  in 
the  United  Kingdom  with  such  transformers,  and  it  is 
very  often  due  to  the  oil.  We  have  found  that  some 
users  of  transformers  carry  out  really  systematic 
examinations  and  tests  of  the  oil.  What  they  do  is 
to  draw  oil  off  occasionally  and  examine  and  test  it 
carefully.  But  if  they  do  not  do  this  systematically, 
and  a  transformer  that  has  been  working  steadily  for 
three  or  four  years  is  lifted  out  of  its  case,  everything 
will  be  found  to  be  full  up  with  sludgy  oil  and  dirt. 
In  some  transformers,  even  of  the  best  make,  there 
are  far  too  many  traps  or  corners  where  the  sludge  will 
settle  and  from  which  it  cannot  be  moved  except  by. 
taking  the  whole  of  the  winding  out  and  cleaning  it, 
and  that  is  not  easy  to  do.  I  should  like  to  ask  the 
authors  whether  they  have  tried  transformers  in  which 
there  is  no  air  space  at  all,  that  is  to  say,  which  are 
entirely  oil-filled,  using  a  tank  wjiich  gives  a  slight 
head  of  oil  and  keeps  the  transformer  absolutely  full 
of  oil,  with  no  air  inside  at  all.  That  is  a  practice  which 
seems  to  be  coming  into  favour,  more  particularly  with 
high-voltage  transformers.  I  notice  on  page  187  the 
authors  state  :  "  There  have  been  several  fatalities 
due  to  shock  on  alternating-current  lighting  circuits 
where  the  potential  to  earth  was  230  volts  or  over." 
Do  they  mean  that  those  fatalities  were  really  due 
to  accident  or  due  to  somebody  just  toucliing  a  fitting 
or  something  of  that  kind  ?  I  note  also  what  they  say 
with  regard  to  mining  switchgear.  I  agree  that  the  only 
safe  type  is  the  totally  enclosed  ironclad  gear,  but 
although  we  cannot  expect  to  get  a  thoroughly  good  iron- 
clad switchgear  without  paying  for  it,  I  do  not  think  it  is 
quite  right  to  say  that  it  is  moderate  in  price.  With 
regard  to  stator-wound  coils,  I  see  the  authors  recommend 
that  after  a  coil  has  been  wound  it  should  be  treated 
under  vacuum  with  suitable  impregnating  solution  before 


being  placed  in  position  in  the  slot.  They  say  also 
there  have  been  a  great  many  re-windings.  Have 
they  found  any  difficulty  in  moving  such  coils  after 
the  motor  has  been  in  use  for  some  little  time  ?  Our 
experience  usually  is  that  after  the  motor  has  been 
running,  especially  on  nearly  full  load,  for  a  fair  amount 
of  time,  it  is  extremely  difficult  to  carry  out  a  stator 
repair  without  carrying  out  a  rewind.  Finally,  I  should 
be  interested  to  know  what  is  the  cost  of  transport  of 
the  tin  from  the  mines  to  where  it  is  shipped.  I  imagine 
that  most  of  it  is  shipped  for  long  distances. 

Lieutenant  H.  E.  Crovircroft  :  I  have  had  some 
little  experience,  both  at  home  and  abroad,  in  the 
operation  of  electrically  driven  plant  on  alluvial  pro- 
positions— chiefly  bucket  dredges — and  in  this  connec- 
tion should  like  to  support  the  authors  emphatically 
on  one  point,  namely,  the  supply  of  suitable  equipment. 
We  all  know  the  extreme  inconvenience  and  bad  odour 
caused  by  unsuitable  apparatus  in  electrically  operated 
machinery,  and  this  is  obviously  a  policy  which  should 
be  carefully  avoided  at  all  costs.  As  regards  dredge 
equipment,  to  which  my  remarks  cliiefly  apply,  we  in 
this  country  have  not  much  opportunity  of  seeing  the 
actual  conditions  on  site.  There  were  one  or  two  fairly 
large  dredges  built  some  years  ago  in  that  once  productive 
county  of  Cornwall,  but  I  am  afraid  these  plants  dredged 
too  deeply  into  the  pockets  of  the  shareholders.  That 
was  in  pre-war  days,  so  perhaps  my  information  is  now 
out  of  date,  especially  as  the  inarket  price  of  the  metal  has 
risen  considerably  since  then.  But  it  would  be  a  splendid 
object  lesson  to  electrical  designers  to  stand  on  the  deck 
of  a  steel-built  bucket  dredge  whilst  it  is  cutting  its 
way  through  dry  land,  especially  if  that  land  contains 
submerged  forest,  wliich  is  often  the  case.  One  then 
gets  quite  a  good  idea  of  what  constitutes  real  shocks, 
jars,  vibrations  and  heaving  deck  with  copious  quantities 
of  water,  mud  and  gravel  deluging  the  place  Under 
these  conditions  it  will  be  realized  that  everything  of 
the  very  best  design  and  material  should  find  a  place 
on  board,  weather-proof,  fool-proof  and  shock-proof. 
Further,  the  load  curve  in  Fig.  7  gives  one  an  idea  of 
the  extreme  and  sudden  variations  in  the  power  demand. 
The  peaks,  though  frequent,  are  usually  of  short  duration, 
and  hence  I  would  advocate  efficient  time-lags  on  the 
motor  control-gear  and,  of  course,  first-class  governors 
on  the  prime  movers.  As  regards  the  wiring  on  board, 
I  should  have  thought  that  the  authors  would  rather 
have  advocated  three-core  armoured  cable  with  proper 
cable  boxes  at  each  end  as  being  a  more  mechanical 
job  than  piping.  This  is,  I  beheve,  in  accordance  also 
with  the  best  American  pi  actice.  Although  I  understand 
that  at  present  America  perhaps  leads  the  way  in  the 
matter  of  supply  of  electrical  mining  equipment  for 
alluvial  propositions,  there  is  no  reason  why  we  in  Great 
Britain  should  not  have  a  fair  share  in  this  profitable 
business,  especially  in  view  of  the  fact  that  British 
capita!  is  so  largely  and  frequently  invested  in  these 
and  similar  undertakings.  It  onlv  requires  that  we 
should  take  a  live  interest  in  the  actual  working  conditions 
to  be  met,  instead  of  reljnng  too  much  on  works  standard 
designs. 

Mr.  H.  W.  Couzens  :  I  want  to  ask  one  or  two 
questions.     The  cliief  thing  is  in  regard  to  Table  1,  in 
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which  figures  are  given  for  power  stations  using  different 
kinds  of  fuel.  The  fuel  used  for  the  first  station  is 
Rawang  coal,  at  S4.93  per  ton.  That,  I  gather  from  the 
equivalent  at  the  beginning,  works  out  to  about  lis.  6d., 
a  price  per  ton  which  will  be  regarded  with  en\'y  by 
Enghsh  power-station  engineers.  What  I  want  to  ask 
the  authors  is  :  What  is  the  calorific  value  of  this 
coal,  and  what  is  the  load  factor  on  the  station  ?  The 
other  quesm)n  I  want  to  ask  is  whether  any  other  form 
of  pjwer,  such  as  suction  gas,  is  used  in  some  of  these 
smaller  mines,  and,  if  so,  how  that  compares  with  the 
cost  of  fuel  oil  burned  in  Diesel  c  r  crude  oil  engine.s. 
Mr.  J.  R.  Cowie  :  There  are  one  or  two  things 
which  I  have  noted  in  regard  to  the  paper ;  for  instance, 
that  the  grouping  of  the  costs  excludes  the  capital 
costs.  That  does  not  happen  in  the  Colonies  only ; 
it  happens  in  places  nearer  home.  What  interested 
me  was  that  some  of  my  friends  who  are  civil  engineers 
and  who  have  done  work  in  many  parts  of  the  world 
tell  me  that  Chinese  labour  is  one  of  the  most  difficult 
forms  of  labour  to  put  machinerj-  against ;  that  is  to 
say,  the  authors  have  to  justify  their  machinery  against 
hand  labour  in  some  cases.  The  quantity,  of  course, 
and  the  question  of  hydraulics  and  working  in  water, 
limit  the  use  of  that  labour,  but  there  must  be  very 
many  propositions  in  regard  to  these  tin  mines  where 
the  hand  labour  of  Cliinese  coolies  is  a  tough  thing  to 
get  over  because  of  the  high  capital  cost  of  machinery. 
On  page  185  I  notice  that  fuses  were  used  for  pro- 
tecting high- voltage  lines.  That  has  been  done,  I 
believe,  in  America  with  carbon  tetrachloride  fuses, 
but  I  cannot  say  with  what  success,  as  I  have  had  no 
actual  experience.  I  know,  however,  that  the  article 
has  been  manufactured  in  this  country.  Personally, 
I  hke  the  switch  wliich  the  authors  suggest.  The  next 
thing  that  interested  me  was  what  the  authors  had  to 
say  with  regard  to  insects.  On  two  occasions  insects 
have  been  the  cause  of  the  blowing  up  of  switchboards 
in  mines  in  our  country,  and  I  know  of  some  other  cases 
where  rats  have  been  the  cause  of  the  same  thing.  The 
insects  that  worry  me  most  are  ants,  not  only  because 
they  get  into  all  the  crevices  but  because  they  eat  the 
rubber  cable.  I  should  like  to  know  what  precautions 
the  authors  take  against  that  sort  of  thing.  On 
page  185  voltages  are  mentioned.  There  are  a  great 
many  voltages  there  on  direct-current  work.  Would  it 
be  possible  to  get  a  standard  of  two,  and  on  alternating- 
current  work  a  standard  of  three,  that  is  to  say,  to  allow 
no  volts  for  hghting  because  of  the  water  difficulty  ? 
I  presume  that  the  reason  why  so  many  accidents  occur 
on  the  alternating-current  work  is  because  of  the 
water  difficulty.  With  regard  to  impregnation  of  coils 
do  the  authors  really  mean  that,  with  an  impregnated 
coil  for  high-tension  work,  2,200  volts  is  the  limit  which 
is  permissible  ?  With  reference  to  the  question  of 
variable  speed  on  alternating-current  motors,  I  saw 
in  the  Key  Industries  E.xhibition  in  Glasgow  a  very 
interesting  piece  of  apparatus.  It  was  an  hydrauhc — 
oil  variable-speed  gear  for  couphng  to  alternating- 
current  motors.  This  gear  could  vary  from  full  speed 
one  way  right  down  to  nothing,  and  right  up  the  other 
way  to  full  speed.  The  efficiency,  I  am  sorry  to  say, 
was  onl}^  about  80  percent,  but  it  was  a  very  valuable  gear 


and  I  hope  to  use  it  in  many  places.  With  regard  to 
transformer  oil,  this  is  a  question  of  taking  chemical 
analyses  and  electrical  tests.  One  should  buy  the  very 
best  quahty  that  one  can.  In  my  city  we  test  every 
transformer  once  in  six  months  for  sludging.  We 
also  test  the  quality  of  the  oil — that  is,  an  electrical 
test  on  the  oil — every  12  months. 

Mr.  W.  Lang  :  On  page  171  there  is  a  very  interesting 
note  regarding  certificates  which  have  to  be  obtained 
by  those  seeking  appointments  for  the  control  of  the 
electrical  undertakings.  I  presume  that  that  applies 
more  particularly  to  Europeans,  and  that  Chinese  are 
not  considered  at  all  in  undertaking  such  work.  It  is, 
I  think,  a  very  great  compUment  to  the  Institution  to 
note  that  the  Associate  Membership  class  of  the  Institu- 
tion is  accepted  without  any  further  question,  and  I 
feel  sure  the  President  will  join  me  in  hoping  that  the 
time  is  not  far  distant  when  the  various  grades  of  the 
Institution  will  be  recognized  in  this  country  before  a 
position  of  even  relatively  minor  importance  will  be 
granted.  With  regard  to  the  Table  of  costs  on  page  172, 
I  have  had  some  little  difficulty  in  understanding 
what  these  figures  under  "  Cost  per  Unit  Generated  " 
really  represent  ;  that  is  to  say,  what  kind  of  money 
is  intended  to  be  understood  there  ?  I  think  a  little 
note  to  that  effect  would  assist  those  stud},ang  the  Table. 
Under  "  Various  Data  "  I  notice  that  there  is  an  expendi- 
ture of  g-i  lb.  of  fuel  per  unit  with  an  extended  note  of 
6  lb.  per  unit.  There  are  some  stations  in  this  country, 
working  under  very  much  better  conditions,  wliich 
are  higher  than  that,  and  I  should  think  it  is  quite  a 
compliment  to  the  way  in  which  these  stations  are 
operated  to  find  that  there  are  such  comparatively  low 
figures  as  those.  On  page  185  the  author  refers  to  the 
moisture-laden  atmosphere  and  suggests  that  a  limita- 
tion of  2,200  volts  should  be  adhered  to  in  operating 
high-pressure  electrical  plant.  It  is  somewhat  surprising 
to  me  to  find  that  the  authors  recommend  a  specification 
for  those  cables  for  wiring  up  the  motors  to  the  low- 
tension  switchboard,  and  I  wonder  whether  they  have 
forgotten,  or  whether  it  is  intended,  that  these  cables 
should  be  impregnated.  There  is  no  mention  of  impreg- 
nation of  the  cables  in  the  specification,  neither  is  there 
any  mention  of  lead  sheathing.  I  take  it  that  the 
authors  had  in  view  what  is  sometimes  referred  to  as 
the  leadless  cable,  but  even  with  a  leadless  cable  the 
importance  of  impregnating  the  core  is  quite  patent 
to  the  ordinary  cable  user  in  this  country,  let  alone 
in  a  country  which  is  so  laden  with  moisture  as 
is  the  Federated  Malay  States.  Such  a  cable  as  is 
described  here  I  am  certain  could  not  stand  2,200 
volts  o:'  even  500  volts  for  any  length  of  time  with  security. 
The  cable  connecting  the  dredge  to  the  shore  described 
in  the  Bentong  mine  is  very  interesting.  Whoever 
suggested  the  floating  of  the  cable  on  barrels  from  the 
shore  to  the  dredge  is  a  ver\'  clever  engineer,  it  has 
been  the  salvation  of  that  cable.  But  it  is  rather 
surprising  to  find  that  the  cable  has  not  been  further 
protected  by  the  serving  of  jute  or  hemp  or  even  by  the 
protection  of  the  usual  strong  Hessian  tapes,  which 
would  lengthen  its  life  very  considerably.  In  addition 
to  that,  under  conditions  of  that  kind,  if  the  authors 
would  recommend  their  friends  to  paint  the  cable  with 
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a  bitumen  paint  periodically,  they  would  get  a  very 
much  longer  and  better  hfe.  I  should  also  like  to 
support  a  previous  speaker  with  regard  to  the  cable 
described  on  page  i8S,  where  a  three-core  cable  is 
recommended  to  be  run  in  pipes  along  the  framing  of 
the  dredge.  I  am  sure  the  authors  would  find  that  a 
three-core  cable  armoured  would  not  cost  very  much 
mo'e  and  would  be  a  much  more  satisfactory  job. 

Mr.  J.  C.  'Wighatn  :  There  are  one  or  two  points 
about  which  I  should  like  to  ask  a  few  questions.  Could 
the  authors  give  us  the  proportion  of  the  water  power 
to  steam  or  oil  power  used  in  these  mines  ?  It  would 
be  interesting  to  know  where  most  of  the  machinery 
has  come  from — whether  it  has  come  from  this  country 
or  from  America,  both  the  electrical  and  the  mining 
machinery.  The  cost  per  unit  seems  too  good  to  be 
true.  It  is  only  a  fraction  over  Jd.  per  luiit  for  the 
total  costs.  Have  \<re  got  those  figures  strictly  correct  ? 
As  I  work  it  out  it  is  only  an  expenditure  of  £750  for 
running  the  power  station  for  a  year,  exclusive  of  coal, 
and,  although  the  wages  paid  to  the  Cliinese  are  very 
small,  the  cost  of  rewinding  a  single  armature  would 
run  to  a  large  figure  in  that  part  of  the  world.  The 
efficiency  of  the  water  elevator  is  only  16-58  per  cent. 
That  is  extraordinarily  low  as  compared  with  the 
efficiency  of  lifting  the  same  quantity  of  dirt  or  gravel 
by  an  ordinary  lift  or  by  trucks  running  on  rails.  I 
should  like  to  know  whether  it  is  not  possible  to  treat 
the  tin  in  the  bottom  of  the  quarries  and  lift  only  the 
treated  tin  to  the  top,  instead  of  lifting  the  whole  of 
the  tin,  gravel  and  water.  The  load  factor  of  the  plant 
running  the  dredger  seems  extraordmarily  high  over  a 
year,  because  there  comes  a  time  when  the  dredger 
moorings,  etc.,  have  to  be  shifted,  and  quite  consider- 
able intervals  occur  between  the  tinre  it  is  tackling  one 
portion  of  the  gravel  and  the  next. 

Mr.  W.  S.  Lonsdale  [communicated]  :  The  para- 
graph which  appeals  to  me  most  in  Part  1  of  the  paper 
is  the  statement  that  mines  under  Chinese  management 
in  1918  produced  about  70  per  cent  of  the  total  output 
of  tin,  less  than  half-a-dozen  of  these  mines  being 
electrically  driven.  With  the  information  that  we 
now  have  before  us,  I  agree  with  the  authors  that  there 
should  be  great  scope  for  the  electrical  engineer  in  the 
immediate  future.  With  regard  to  Tables  i  and  2, 
I  notice  that  the  figures  cover  a  period  of  only  three 
years,  viz.  1917  to  igig.  These  figures  might  be 
misleading  as  they  are  based  on  advantageous  years, 
when  all  the  mines  were  working  presumably  up  to 
their  full  capacity  owing  to  the  great  demand  for  tin 
for  munition  work.  I  notice  a  reference  in  these  tables 
to  the  use  of  Rawang  coal,  which  in  191 7  cost  somewhere 
about  lis.  ed.  per  ton  delivered.  I  should  be  interested 
to  hear  what  is  the  present  cost  of  this  coal  and  also 
its  calorific  value.  I  agree  with  the  authors  that  it 
is  most  important  that  all  main  switchboards  in  the 
power  house  should  include  instruments  for  measuring 
the  output,  or  in  other  words  a  "  summation  "  panel. 
Regarding  the  use  of  electricity,  steam  and  gas  in  the 
same  mine,  I  do  not  see  any  great  necessity  for  this,  even 
although  winch  and  puddler  loads  are  very  fluctuating, 
since  with  a  robustly  designed  a.c.  or  d.c.  motor  driven 
by  belt  with  good  flywheel  efiects  this  class  of  load  should 


not  present  insuperable  difficulties.  In  regard  to  the 
question  of  generation  in  bulk,  I  am  quite  in  agreement 
with  the  authors  as  to  the  obvious  difficulties,  chiefly 
owing  to  the  tin-bearing  areas  being  worked  out  so 
rapidly.  I  cannot  find  any  information  in  the  paper 
as  to  what  variation  up  and  down  from  the  normal 
speed  is  required  by  a  gravel  pump.  The  use  of  rotor 
resistances  for  three-phase  motors  is  of  course  extremely 
wasteful  in  current,  particularly  as  I  notice  that  most 
of  the  motors  are  for  100  b.h.p.  and  over.  I  shall  be 
interested  to  hear  whether  three-phase  squirrel-cage 
motors  with  auto-transformers  and  regulators  have  been 
tried  for  this  class  of  work.  As  the  gravel-pump  load 
seems  to  form  a  considerable  proportion  of  the  total 
load,  and  as  one  can  obtam  a  very  fine  speed  variation 
by  shunt  regulation,  this  class  of  work  seems  to  point 
directly  to  variable-speed  d.c.  motors.  In  Part  2 
of  the  paper  I  am  rather  surprised  to  notice  two  450-kw. 
alternators  driven  by  Pelton  wheels,  generating  tliree- 
phase  current  at  400  volts,  the  pressure  being  stepped 
up  to  3,000  volts  for  a  1 J  mile  transmission,  and  then 
stepped  down  again  at  the  mine  end.  Why  not  generate 
at,  say,  3,000  volts  duect,  as  is  done  at  the  French  Kam- 
par  mine,  as  described  on  page  181,  where  units  at  less 
than  half  this  output  are  generating  current  at  6,000 
volts  ?  One  of  the  most  interestmg  descriptions  in 
the  paper  is  that  of  the  suction-dredge  plant  at  the 
French  Kampar  mine.  This  installation  seems  to  have 
been  very  carefully  worked  out  to  suit  the  particular 
local  conditions.  I  note  on  page  1S5  that  the  authors 
consider  it  madvisable  to  generate  at  higher  pressure 
than  2,000  volts,  and  I  an\  rather  interested  to  know  what 
arrangements  are  made  locally  for  repairs  to  high- 
tension  windings,  in  view  of  the  absence  of  skilled  labour 
and  difficulties  in  connection  with  stove-drying  the 
wuidings  on  repair.  Regarding  the  temperature-rise 
figures  suggested  for  generators  and  motors,  I  do  not 
understand  why  the  authors  should  suggest  a  different 
standard  for  these  two  classes  of  machinery,  differing 
only  by  7  degrees  F.  From  experience  I  myself  have 
had  in  the  Federated  Malay  States,  I  have  not  noticed 
that  any  trouble  has  arisen  with  machinery  which  has 
been  designed  for  a  standard  temperature  rise  of  40 
degrees  C.  (72  degrees  F.)  provided  special  tropical 
insulation  is  used,  that  is  mica  in  place  of  press-spahn, 
and  brass  or  bronze  brush-holders  in  place  of  steel. 
I  also  found  it  most  important  that  all  brush  springs 
should  be  made  of  phosphor  bronze  and  not  steel, 
as  the  rapid  rusting  of  steel  springs  causes  them  to 
fa  1  a  very  few  weeks  after  the  machinery  has  been 
installed. 

Mr.  W.  J.  "Wayte  [in  reply) :  Mr  Patchell  comments 
upon  the  decreasing  output  of  tin  from  the  Federated 
Malay  States.  This  is  entirely  due  to  the  rich  deposits 
becoming  exhausted.  The  efficiency  of  tin  recovery  is 
dependent  upon  the  nature  of  ground  under  treatment ; 
with  sandy  ground  the  efficiency  would  be  as  high  as 
90  per  cent,  and  less  where  the  ground  is  of  a  stiff  or  clayey 
nature.  The  fineness  of  the  tin  is  also  a  large  factor 
affecting  recovery  ;  with  puddling  plants  slimes  are  in- 
evitable and  the  sluice  boxes  are  designed  to  give  efficient 
recovery.  Without  referring  to  the  East  I  regret  I 
am  unable  to  say  exactly  how  many  mines  are  using 
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electric  power.  As  regards  the  question  of  wayleaves 
for  transmission  lines,  the  power  company  receives  no 
assistance  from  the  Government  in  procuring  way- 
leaves,  and  as  most  of  the  land  is  either  tin  bearing 
or  planted  with  rubber,  the  suppUer  of  power  may  be 
at  the  mercy  of  the  land-owner :  assistance  from  the 
Government  in  this  respect  would  remove  a  large 
difficulty  to  the  power  supplier.  The  nozzle  pump  used 
on  suction  dredges  is  of  the  ordinary  centrifugal  type, 
but  as  the  water  used  is  often  of  a  slimy  nature  the 
efficiency  would  be  lower.  In  practice  it  is  found  that 
the  power  required  for  driving  the  nozzle  pump  is 
approximately  the  same  as  for  driving  the  gravel  pump  ; 
for  instance,  an  8-in.  gravel  pump,  lifting  16,000  cubic 
yards  of  solid  per  month  to  a  height  of  70  feet,  would 
require  motors  of  80  b.h.p.  for  each  pump.  The  monitor 
pressure  required  for  breaking  do\vn  ground  depends 
upon  the  nature  of  the  ground  under  treatment.  Hard 
clay  will  require  as  much  as  180  lb.  pressure,  whereas 
ground  of  a  friable  gravelly  nature  can  be  washed  down 
with  a  pressure  of  20  to  40  lb.  With  reference  to 
bucket  dredges  and  Table  5,  the  power  taken  by  the 
bucket  chain,  ladder  winch,  and  mooring  winches  is 
intermittent  and  the  motors  are  usually  very  Uberally 
rated,  and  the  pressure  pumps  and  screen  are  always 
running  at  practically  constant  load.  The  tin  is  washed 
up  with  water  on  the  tables  of  the  dredge  exactly  in 
the  same  way  as  that  described  for  open  cast  mines, 
and  very  little  further  washing  is  necessary.  The 
high-pressure  pump  supplies  water  at  a  pressure  inside 
the  screen  to  break  up  any  large  hard  lumps  which 
would  otherwise  be  lost,  the  pressure  required  of  course 
depending  upon  the  nature  of  the  ground. 

Mr.  PatcheU  asks  for  further  information  with  regard 
to  the  climatic  conditions.  The  average  rainfall  in 
the  Kinta  Valley  is  99  inches;  at  Taipmg  Hill,  5,000 
feet  above  sea  level,  the  average  rainfall  is  240  inches. 
In  the  Kinta  Valley  the  average  maximum  shade 
temperature  is  91°  F.  ;  average  minimum  shade  temper- 
ature 70°  F.  ;  humidity  77  per  cent ;  mean  dry  bulb 
82-29° ;  mean  wet  bulb  76  49° ;  height  above  sea 
level   approximately    130   feet. 

The  haulage  speed  is  usually  about  6  miles  per 
hour. 

Mr.  Llewellyn  Foster  gave  some  interesting  data 
regarding  gravel  pumps  as  used  for  working  China 
clay  in  Cornwall,  and  I  was  surprised  to  hear  that 
the  pump  was  only  capable  of  dealing  vidth  lumps 
which  would  pass  through  a  J-inch  mesh.  The  pumps 
used  in  the  F.M.S.  are  frequently  run  with  a  suction 
head  of  15-20  feet,  and  anything  which  will  pass  through 
the  suction  nozzle  will  be  taken  up  and  discharged 
by  the  pump.  The  bearing  which  gives  most  trouble  is 
the  water -sealed  four-part  bearing  which  supports  the 
overhung  impeller.  This  bearing  is  sealed  by  water 
at  a  pressure  of  about  15  lb.  per  square  inch  to  prevent 
any  leakage  of  air  into  the  pump,  and  if  clear  water  is 
used  for  the  purpose  very  little  trouble  is  experienced. 
The  difference  in  the  units  used  per  yard  treated  by 
the  first  two  mines  in  Tables  i  and  2  and  the  first  two 
in  Table  3  is  explained  by  the  fact  that  the  former 
are  open  cast  mines  where  a  considerable  amount  of 


pumping  is  always  necessary,  whilst  the  latter  are 
respectively  dredging  and  lode  propositions.  Bucket 
dredges  aim  at  continuous  operation  and  only  stop 
when  repairs  are  necessary.  With  reference  to  the 
permissible  temperatures  of  generators  and  motors, 
if  moulded  mica  insulation  is  used  for  the  slot  and  the 
coil  is  carefuUy  impregnated  I  do  not  think  a  final 
temperature  of  158°  F.  should  be  dangerous,  but  it 
would  probably  be  difficult  to  remove  a  coil  without 
damage  after  working  for  considerable  periods  at  high 
temperatures.  Practically  no  trouble  has  been  experi- 
enced with  oil-filled  transformers.  With  reference  to 
fatalities  on  lighting  circuits  (page  187)  the  authors 
wished  to  emphasize  the  danger  to  life  with  alternating 
currents  even  at  low  potentials.  The  cost  of  transport 
of  tin  is  paid  by  the  smelter  who  usually  takes  delivery' 
at  the  miner's  godown. 

In  replj'  to  Mr.  Couzens  the  calorific  value  of  the 
coal  known  as  Rawang  "  smalls  "  is  8,500-9,000  therms 
per  lb.  Suction-gas  engines  are  frequently  used  on 
the  smaller  mines,  and  running  costs  compare  favour- 
ably with  Diesel  or  crude  oil  engines. 

Mr.  Cowie  criticizes  the  voltages  recommended.  It 
is  pointed  out  in  the  paper  that  230  volts  is  generally 
used  for  lighting.  The  variable-speed  gear  for  alter- 
nating-current motors  mentioned  by  Mr.  Cowie  is  very 
interesting,  and  I  should  like  to  have  more  information 
concerning  this  apparatus. 

Mr.  Lang  will  find,  if  he  refers  to  the  specification  of 
the  dredge  shore  cable  on  page  188,  that  the  authors 
have  recommended  a  protective  compounded  braiding 
over  the  armouring  ;  and  it  is  intended  that  the  dredge 
cables  should  be  impregnated.  With  reference  to 
Table  i,  the  cost  per  unit  generated  is  in  cents. 

In  reply  to  Mr.  Wigham  I  regret  I  have  no  figures 
of  the  proportion  of  water-driven  macliinery  to  that 
of  other  power.  With  the  exception  of  the  French 
mines,  practically  all  electrical  and  mining  machinery 
is  manufactured  in  England.  The  cost  per  unit  in 
the  Tables  includes  the  cost  of  repairs  to  generating 
plant  but  not  motors  on  the  mines. 

In  reply  to  Mr.  Lonsdale  I  do  not  think  the  figures 
given  in  Tables  i  and  2  are  misleading.  Owing  to  the 
decrease  in  the  value  of  deposits  all  mines  have  been 
working  at  their  maximum  output  for  many  years. 
The  price  of  Rawang  coal  is  now  practically  double 
the  cost  in  1917.  I  agree  with  Mr.  Lonsdale  that  there 
is  no  reason  why  winches  and  puddlers  should  not  be 
driven  electrically.  Squirrel-cage  rotors  with  auto- 
transformers  and  regulators  have  not  been  tried  for 
variable-speed  work,  and  I  am  doubtful  if  this  class 
of  motor  would  give  the  fine  regulation  which  is  essential 
for  gravel  pumps.  I  am  afraid  the  cost  of  the  plant 
and  low  efficiency  of  conversion  would  prohibit  the 
use  of  direct  current,  otherwise  direct-current  motors 
would  be  ideal.  With  reference  to  Idris  mine,  when 
the  plant  was  first  designed  it  was  intended  to  take 
half  the  power  to  a  mine  situated  3^  miles  from  the 
power  station  ;  for  this  reason  and  to  prevent  trouble 
from  hghtning  it  was  decided  to  install  transformers. 
Repairs  to  high-tension  windings  are  generally  carried 
out  by  the  mine  stafts  with  native  labour. 
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4th  wireless  sectional  MEETING,   19  NOVEMBER.   1919. 

(Held  at  the  Institution  of  Civil  Engineers.) 

Mr.   Roger  T.  Smith,   President,  took   the  chair  at      Three-Electrode  Thermionic  Valves 
6  p.m 


A   paper    by    Professor   C.     L.     Fortescue,    Member, 
entitled  "The  Design  of  Multiple-Stage  Amplifiers  using 


(see  page  65),  was 
read  and  discussed  and  the  meeting  adjourned  at 
7.50  p.m. 


640th    ordinary   MEETING,    II    DECEMBER,    1919. 


(Held  at  the  Institution  of  Civil  Engineers, 

Mr.  Roger  T.  Smith,  President,  took  the  chair  at 
6  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  27th 
November,  1919,  were  taken  as  read,  and  were  confirmed 
and  signed. 

The  President  announced  that  tlie  Council  had 
elected  Professor  Hendrik  Antoon  Lorentz,  of  Leyden 
University,  an  Honorary  Member  of  the  Institution. 


A  list  of  candidates  for  election  and  transfer  approved 
by  the  Council  for  ballot  was  taken  as  read  and  was 
ordered  to  be  suspended  in  the  Hall. 

A  paper  by  Captain  J.  M.  Scott-Maxwell,  B.Sc, 
Member,  entitled  "Scientific  Works  Management: 
A  Solution  of  the  Capital  and  Labour  Problem,"  was 
read  and  discussed  and  the  meeting  adjourned  at 
7.45  p.m. 


5th  wireless  SECTIONAL  MEETING,   17  DECEMBER,   1919. 
(Held  at  the  Institution  of  Civil  Engineers.) 


Dr.  W.  H.  EccLES,  Chairman  of  the  Wireless  Sectional 
Meetings  Committee,  took  the  ch.iir  at  6  p.m. 

A  paper  by  Professor  G.  W.  O.  Howe,  D.Sc,  Member, 


entitled  "  Tlie  High  Frequency  Resistance  of  Wires 
and  Coils  "  (see  page  152),  was  read  and  discussed  and 
the  meeting  adjourned  at  7.35  p.m. 


641st  ordinary  MEETING,   18  DECEMBER,   1919. 
(Held  at  the  Institution  of  Civil  Engineers.) 


Mr.  Roger  T.  Smith,  President,  took  the  chair  at 
6  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  nth 
December,  igig,  were  taken  as  read,  and  were  confirmed 
and  signed. 

Messrs.  P.  W.  Snelus  and  R.  K.  Keer  were  appointed 
scrutineers  of  the  ballot  for  the  election  and  transfer 
of  members  and,  at  the  end  of  the  meeting,  the  result 
of  the  ballot  was  declared  as  follows  : — 

Elections. 

Member. 
Langdon-Davies,  Walter. 


Associate 
Brander,  George. 
Davenport,  Arthur. 
Evans,  Bertram  Augustus. 
Hcoppcll,  Arthur  Samuel. 
Home,  Arthur  Stephen. 
MacLean,  Archibald  Barr, 

M.A.,   B.Sc. 
Roberts,  Arthur  John. 
Sharp,    Guy    Descarrieres, 

Lieut. -Comnidr.,  R.N. 


Mfmbers. 

Small,  William  Charles. 

Smith,  John. 

Stevenson.  Horace  Alex- 
ander. 

Talbot,  W  illiam  Ernest. 

Turner,  Frank  Cuthbert, 
B.Eng. 

Youngmark,  Frederick  Al- 
bin. 


Graduates. 

Atkinson,   James  William. 
Gaines,  John  Christie. 
Gazard,  A\  illiam  Albert. 


Hadrill,  Harold  John. 
Townend,  Wilfred  Thomas, 
Eng. -Lieut.,  R.N. 


Associate. 
Westlake,  George  Frederick. 

Transfers. 

Associate  Member  to  Member. 
Bilsland,  John.  Milnes,GeorgeClement,M.C. 

Graduate  to  Associate  Member. 
Bedlord,  Alphonse  Levi.         Mitchell,  Raymond  James. 

Student  to  Graduate. 


England,  Maurice  Ord  T. 


Piatt,  Claude  Bernard  M., 
M.B.E. 


A  paper  by  Messrs.  1>.  M.  W.  Hutchison,  B.Sc, 
Member,  and  W.  J.  Wayte,  Associate  Member,  entitled 
"  Electricity  in  Tin  Mining  (sec  page  171),  was  read  and 
discussed  and  the  meeting  adjourned  at  7.45  p.m. 
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642nd   ordinary   MEETING,    8   JANUARY,    1920. 
(Held  at  the  Institution  of  Ci\-il  Engineers.) 


Mr.  Roger  T.  Smmh,  President,  took  the  chair  at 
6  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  iSth 
December,  1919,  were  taken  as  read,  and  were  confirmed 
and  signed. 


A  paper  by  J.  Shepherd,  Member,  entitled  "  Failures 
of  Turbo-Generators  and  Suggestions  for  Improvements  " 
{see  page  12.";),  was  read  and  discussed  and  the  meeting 
adjourned  at  7.50  p.m. 


6th 


1920. 


WIRELESS   SECTION.\L   MEETING,    U   JANUARY, 
(Held  at  the  Institution  of  Civil  Engineers.) 
Dr.  \V.  H.  EccLES  took  the  chair  at  6  p.m.  A  paper  Ly  Captain  H.  J.  Round  entitled  "  Direction 

The   minutes   ot   the   Wireless   Sectional   Meeting   of       and    Position    Finding  "    was   read   and   discussed    and 
the  17th  December,  1919,  were  taken  as  read,  and  were       the  meeting  adjourned  at  8  p.m. 
confirmed  and  signed. 


643rd    ordinary   MEETING,    22    JANUARY,    1920. 
(Held  at  the  Institution  of  Civil  Engineers.) 


Mr.  Roger  T.  Smith,  President,  took  the  chair  at 
6  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  Sth 
January,  1920,  were  taken  as  read,  and  were  confirmed 
and  signed. 

A  list  of  candidates  for  election  and  transfer  approved 
by  the  Council  for  ballot  was  taken  as  read  and  was 
ordered  to  be  suspended  in  the  Hall. 

Messrs  C.  S.  Buyers  and  L.  J.  Rouard  were  appointed 
scrutineers  of  the  ballot  for  the  election  and  transfer 
of  members  and,  at  the  end  of  the  meeting,  the  result 
of  the  ballot  was  declared  as  follows  : — 

Elections. 

Member. 

Lulofs,  Warner,  D.  Ing. 


Arthur,  James  William. 
Beall,  Harold  John. 
Binns.     Arthur     Priestlev, 

B.Sc. 
Bound,  Arthur  Frank 
Coe,  Gordon  Douglas. 
Crofts,    Cecil    Burnell, 

B.Sc.  (Eng.). 
Darling,  Henry  John. 
Dimmer,  Leonard  George. 
Farrar,  Fred 
Farrar,  Romilly  Rooth. 
Ferguson,  George  Frame. 
Fuller,  L.  O. 

Gillman,  Ernest  Percival. 
Halton,  Edward. 
Hedley,  John. 
Jack,  Robert  Gardner. 
Jewell,  William  Edward. 


Associate  Members. 

Jull,  Rowland  Stanley. 

Line,  Richard. 

MacLaren,  John. 

Mears,  Thomas,  B.Sc. 

Moore,  Walter  Nicholas. 

Palmer,  James  Brian. 

Parrott,  George  Alexander. 

Roberts,  Harry  Manley. 

Stephens,  John  Grant. 

Stubbings,  George  Wilfred. 

Sutton,  George  Percy. 

Thompson,  Hugh  John  D. 

Wamberg,  Frederik  Chris- 
tian. 

Watson,  Henry  Sinclair, 
B.A. 

Watson,  John  Douglas. 

Webb,  William  Lloyd. 

Welch,  John  Guy  Lawson. 


Graduates. 
Banerjee,  Dhirendra  Lall.        Doyle.  Lindsay  Gordon. 


Bennett,  John  Ernest,  B  A. 
Blakeley,  George  Philip  W. 
Camaby,  Norman  Edward. 
Chien,  Kao  Chien,  B.Sc. 
Darb}',  John  Francis. 


Edwards,  Arthur  Rowland. 
Ensor,  Eric  Lovell. 
Evans,  Clive  Walter. 
Ghose,  Monindra  Nath. 
Griffiths,  Henry  Rae. 


Gradnates- 
le   Conteur,    Louis,    Capt., 

R.  G.L.I. 
Luffingham.LaurenceJohn. 
McGowan,  George. 
McLean,  Donald. 
Mitchell,  Thomas  Alfred. 
Newport-Dunster,  Basil. 
Nimmo,  Adam  Arthur. 
Page,  John  Joseph. 


-continued. 
Ray,  Ramapati. 
Roberts,    Sarah    Evans 

(Miss). 
Smith,  Esmond  Wassell. 
Smith,  John  Albert 
Walker,  James  Smith. 
Walton,  James  RigneU. 
Wyatt,  Reginald  Albion. 


AUsop,  Charles. 

Anderson,  David  Stirling. 

Anderson,  James. 

Arman,  Adrian  Neville. 

Askwith,  Edward  Douglas. 

Baggs,  John. 

Baker,  John  Henry. 

Baldwin,  Lewis  Leon. 

Barraclough,  Alfred. 

Belcher,  Arthur  Jackson. 

Benger,  William  Alan. 

Bentall,  Pendril  John. 

Bird,  Reginald  Thomas. 

Bishop,  Herbert  Leonard 
G. 

Booker,  William  Mason. 

Brookes,  Arthur  Edwin. 

Budgett,  Felix  La  Tou- 
rette. 

Bunyan,  John. 

Burt,  Brian  Morton. 

Butter,  Ernest  Edward. 

Carnegie,  James. 

Carr,  Conway  Bu.xton. 

Casson,  William. 

Chamberlain,  Eric  Law- 
rence R. 

Chappie,  Harr\-  John  B. 

Clark,  Leonard  Jack. 

Clutterbuck,  Thomas. 

Coe,  Reginald  Thornton. 

Collier,  Harold. 

Cook,  James  Chartres. 


Students. 

Cook 


Robert. 

Cook,  Walter  Kitchener. 

Corrans,  Robert. 

Damsell,  Raymond 
Frederic. 

DLxon,     Arthur,     B.Sc. 
(Eng.). 

Dodsworth,  Thomas  Hess- 
ler. 

Donnelly,  Wilfrid. 

Dunlop,  Robert  Paterson. 

Edgle}',  George  W. 

Edmunds,  Thomas  Martin. 

Elliott,  Maurice  Gilbert  R. 

Falk,  Geoffrey  Ferdinand. 

Farrell,  James  Fraser  E. 

Feamley,  Bertie  Ernest. 

Ferguson,  Alexander  Dal- 
gety. 

Field,  Charles  Edgar. 

Filbey,  Charles  Albert. 

Fimberg,    Leopold    Ber- 
nard. 

Francis,  Jose  Ronald. 

Fuchs,  Arnold. 

Gerrard,  Dudley  Carlton. 

Gerrs^  Godfrey  Cecil  B. 

Ghosh,  Jagabandhu. 

Goodwin,  Ralph. 

Graham,  Charles  Pannley. 

Graves,  Frederick  Walter. 

Greer,  Stewart  Peddle. 

Grepe,  Frederick  Yorke. 
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Students- 

Griffiths,  John  Balmain. 

Griniston,  Robert  Villiers. 

Giocott,  Gilbert  Henry. 

Hall,  William  Samuel  H. 

Hampsou,  William  Perci- 
val. 

Harding,  Horace  Ralph. 

Harle,  James  Alfred. 

Harley,  Laurence  Shep- 
heard. 

Harlow,  Harold  George. 

Harrison,  Douglas  William. 

Hedley,  William  Ernest. 

Heinrich,  Arthur  Freder- 
ick. 

Herriot,  David  Robertson. 

Hirst,  Allan  William. 

Holister,  Stanley  Walter. 

HoUyman,  Robert  Henry. 

Hook,  Herbert  James. 

Hopkins,  Ronald  Edwin. 

Hatchings,  Philip  Town- 
sheiid. 

Ivey,  Ewart  Godfrey. 

Jackson,  John  William. 

Jeffries,  Robert  Ernest. 

Jenkins,  William  Arthur. 

Johnson,  James  Ralph, 
B.Eng. 

John,  Charles  Henry. 

Jones,  Frank  Leslie. 

Jones,  Harold  Lancaster. 

Kirkman,  Douglas  Wil- 
liam T. 

Knight,  Sidney  Alfred. 

Laing,  John  Wallace. 

Lakej',  Eric  Harold. 

Latimer,  Kenneth  Eric. 

Leech,  Leonard. 

Littler,  Herbert  A. 

Logan,  Edward  Alexander. 

Longbottom,  Jack. 

Lovell,  Fred. 

Mcjannet,  David  William. 

Mackay,  William  Morton. 

McLaren,  Jolin. 

Maclean,  James  Adam. 

McQuillan,  Cecil. 

Mann,  Reginald  William. 

Marten,  Ernest  William. 

Martin,  John. 

Melling,  Cecil  Thomas. 

Miller, Frederick  McKenzie. 

Milner,  Harry. 

Molle,  George  William. 

Moody,  Harold  Sydney. 

Morgan,  Ivor. 

Nuttall,  Edgar  Moorhouse. 

Palfrey,  Harry  James  D. 

Phillips.  John  Douglas  N. 

Pilldngton,  Denis  Fielden. 

Piquet,  John. 


-continued 

Plummer,  Reginald. 

Pointon;  Herbert  Vincent. 

Pollott,  William. 

Poole,  Leslie  Richard  W. 

Price,  Francis  Ernest. 

Puckle,  Owen  Standidge. 

Quilliam,  Leslie. 

Read,  John  Carley. 

Rendell,  Leonard  Morey. 

Rheam,  George  Turner  T. 

Riley,  Colin. 

Ringang,  Rikzin  Dorje. 

Roberts,  Edward  James. 

Roberts,  Jack  Fowler. 

Rocks,  Peter. 

Sadler,  Gilbert  Vaughan. 

Salzmann,    Otto   Malcolm, 
B.Sc.  (Eng.). 

Samuel,  Harry  Phineas. 

Samnelson,  Hugh  Melvin. 

Say,  Maurice  George. 

Scroggie,  Marcus  Graham. 

Shand,  John  Aberdour. 

Sharp,  Harry  Steven  N. 

Sim,  William. 

Smith,  Leslie  Morgan. 

Speirs    Hector  McArthur. 

Spence,      Harold     Cruick- 
shank. 

Springsguth,    Charles    Ed- 
ward. 

Stephenson,    Robert  Max- 
well. 

Stewart,  Ian. 

Strange,    Frederick   Philip 
O. 

Taylor,  Ernest  George. 

Taylor,  Harold  Edward. 

Templeton,  William. 

Thomas,  Walter  Stanley. 

Thompson,  Cecil  George. 

Thompson,  Frank. 

Thomson,  Harold  I^eslie. 

Toms,  William  Harold. 

Torry,  Reginald  Gordon. 

Tovey,  Maurice  Herbert. 

Trelease.  John  Stanley. 

Turner,  Eric. 

Tustin,  Arnold. 

Vickeis,  Edward. 

Waggott,  William  Norman. 

Walker,  Harry  Barlow. 

Warwick,  Albert. 

Watts,  William  Ewart. 

Wells,  John  Spencer. 

Westerhout,  Cecil  Gomes. 

Williamson,     Alexander 
Greenwood. 

Wills,  Felix  Perceval. 

Woodward,     Charles     Ed- 
ward. 


Assooiates. 
Dennison,  James  Douglas.       Maclntyre.    Hugh    McCnl- 
Grier,  John  James.  lum. 

Ryan,  Mervyn  Frederick. 

Transfers. 

Associate  Member  to  Member. 

Archibald, Robert  Douglas.      Hogg,  Patrick  Mackintosh. 


Boyd,  Arthur. 
Bryans,  Robert  Henry. 
Dyer,  Charles  Frederic. 
Harrison,  Norman,  Lieut. - 

Col.,  C.M.G.,  D.S.O. 
Haworth,     Harold     Firth, 

Ph.D. 


Horsley,  James  Arthur  B. 

MacGregor,  William  Dun- 
can. 

Teago,   Frederick  Jerrold, 
M.Sc. 

William 


John. 

Associate  to  Member. 

Mayne,  Robert  Newell. 

Graduate  to  Associate  Member. 

Aldridge,  Arthur  Peachey.      Thomson,  Douglas  Gordon. 

Midgley,  Harry,  B.Sc.  Wardle,  Percy. 

Smith,  Walter  Sydney  B  Wilson,  Francis  Joseph  H. 

Student  to  Associate  Member. 
Fisher,  Francis  William.  Painton,  Edgar  Theodore. 

Marks,  Ernest.  Perrow,    Frederick    Alfred 

Mathias,  Egerton  Lloyd  .\.  P 

Associate  to  Associate  Member. 
Callander,  John  Campbell.      Trusler,  William  Thomas. 
Millar, Hawthorne  McKenzie. 

Student  to  Graduate. 


Dawes,  Ronald  Richard. 
Harral,  Richard  Harold. 
Leishman,     George     Alex- 
ander B. 
Perrin,  James  Frederick. 


Riley,  Thomas  Sharp,  M.C 
Ripley,  Dunstan. 
Romeira,  Manoel  Pmto. 
Tapsell,  Herbert  James. 
Trippe,  Sidney  Howard. 


Powell,     Cuthbert     Alban      Vowell,  Christopher. 


W.,  B.  (Eng.). 


Wall,  Harold  Henry. 


The  following  donations  were  announced  as  havmg 
been  received,  and  the  thanks  of  the  meeting  were 
accorded  to  the  donors  :■ — 

Building  Fund. — M.  Beales,  G.  H.  Davies,  A.  H. 
Finlay,  M.  McA.  Gillespie,  S.  E.  Glendenning,  J.  S. 
Highfield,  H.  Hirst,  Admiral  of  the  Fleet  Sir  H.  B. 
Jackson,  G.C.B.,  W.  McGeoch,  Prof.  J.  T.  MacGregor- 
Morris,  M,  Petry. 

Library. — R.  G.  Allen,  W.  T.  Anderson,  P.  R.  Coursey, 
Dr.  G.  Kapp,  R.  Rankin,  R.  A.  van  Sandick,  C.  F.  Wade, 
E.  Beunis  &  Co.,  Ltd.,  The  British  Thomson-Houston 
Co.,  Ltd.,  Dominion  Water  Power  Branch  (Canada), 
The  General  Electric  Co.  (U.S.A.),  Manchester  Steam 
Users'  Association,  Massachusetts  Institute  of  Tech- 
nology, Post  Ofhce  Engineering  Department,  Messrs. 
E.  &  F.  N.  Spon,  Ltd.,  Der  Sclnveiserische  Elektrotech- 
nische  Verem,  The  Wireless  Press,  Ltd. 

Benevolent  Fund. — S^e  Institution  Notes,  No.  i8, 
page   12     February  1920. 

A  paper  by  Mr.  J.  I,.  Thompson,  M.Sc,  Associate 
Member,  entitled  "  Transformers  for  Electric  Furnaces," 
was  read  and  discussed  and  the  meeting  adjourned  at 
7.40  p.m. 
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TRANSFORMERS    FOR    ELECTRIC    FURNACES. 

B}?  J.  LiNDLEY  Thompson,  M.Sc,  Associate  Member. 

(Paper  received  30  October,  1919;  read  before  Tbe  Institution  22  January,  before  the  North-Western  Centre  27  January, 
before  the  North-Eastern  Centre  9  February,  before  the  Scottish  Centre  10  February,  before  the^SovTH  JIidland 
Centre  25  February,  and  before  the  North  Midland  Centre  23  March,   1920.) 


Since  the  first  practical  electric  furnace  was  successfully 
manufactured  by  Stassano  in  1898,  there  has  been  rapid 
progress  made  in  this  type  of  apparatus  and  its  necessary 
auxiliaries. 

It  is  the  author's  intention  in  this  paper  to  deal  with 
the  chief  piece  of  auxiUary  apparatus  used  with  electric 
furnaces,  i.e.  the  static  transformer. 

The  points  to  be  dealt  with  are  : — 

Requirements  for  useful  ser\-ice. 
Construction  and   electrical  features. 
Future  requirements. 
Design  of  large  furnace  transformers. 
The  ideal  furnace  transformer. 
Mechanical  stresses. 
Furnace  lay-out. 
Cost  and  weight. 

There  are  many  types  of  electric  furnaces  in  commercial 
use  at  the  present  time  and  they  may  be  classified  under 
four  heads  :  — 


(i)  Arc  furnace 

(2)  Arc  furnace 

(3)  Induction    type 

(4)  Resistance   type 


Radiation  type  for  steel. 
Conduction    type   for   steel. 
For    steel. 

For   carbide,     carborundum 
and    ferro-silicon. 


With  furnaces  under  types  (i),  (2)  and  (4),  transformers 
are  nearly  always  required,  while  type  (3)  is  in  itself  a 
static  transformer.  As  is  well  known,  the  induction 
furnace  consists  of  a  closed  magnetic  lamii.ated  core 
around  which  the  primary  coil  is  wound,  while  the  furnace 
bath  forms  around  the  core  a  secondary  circuit  complete 
or  in  part,  the  remaining  portion  of  the  circuit  being 
wound  round  the  core  over  the  primary  coils.  Such  a 
type  is  the  Rochhng  Rodenhauser  furnace.  The 
only  advantage  that  can  be  claimed  for  this  type  of 
furnace  from  an  electrical  standpoint  is  that  no  heavy 
low-tension  alternating  currents  have  to  be  catered 
for  in  long  lengths  of  lead. 
\'OL.   58. 


The   disadvantages  are  : — 

(a  Low  power  factor  due  to  the  high  reactance  which 
is  a  necessity  in  this  crude   transformer. 

(6)  For  a  reasonable  power  factor  to  be  obtained, 
a  frequency  of  5-25  is  necessarj',  which  in 
most  cases  means  the  additional  expense  of 
a  frequency  changer. 

The  induction  furnace  has  not  made  much  progress 
during  the  past  10  years,  and  as  this  country  is  almost 
entirely  unfamiliar  with  its  service  conditions  no  further 
comment  will  be  made. 


Arc  and  Resistance  Furnaces. 

^^'ith  both  tj'pes  of  furnace,  tranformers  are  in  general 
use.  The  electrical  characteristics  of  the  transformers 
for  the  two  types  of  furnace  differ  somewhat,  but  their 
construction  is  on  similar  Unes.  It  was  about  1910  that 
the  electric  furnace  for  steel  manufacture  began  to 
occupy  the  minds  of  British  engineers,  and  the  trans- 
formers suppUed  for  these  early  furnaces  were  built  to 
the   general   specification   of  power  transformers. 

Transformers  for  use  with  furnaces  have  to  be  of 
substantial  construction,  due  to  the  nature  of  the  load 
they  have  to  carry  and  the  operation  conditions  under 
which  they   are   to   serve. 

\'arious  troubles  were  experienced  with  transformers 
built  to  early  designs  when  put  into  operation,  and 
they  were  briefly  as  follows  : — 

(i)  Loss  of  low-pressure  voltage  across  the  arc  due 
to  bad  lay-out  of  leads,  or  to  reactance  values 
of  the  transformers  being  too  high. 

(2)  Failure  of  insulation  of  smtchgear  and  transformer 
terminals  on  the  high-pressure  side  due  to  the 
hea^'y  auto-transformer  effect  in  consequence 
of  the  Ijirge  range  of  voltage. 
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(3)  Mechanical  damage  to  coils  in  the  transformers 

due  to  frequent  current-rushes. 

(4)  Unbalanced  voltages  on  the  jow-pressure  side  of 

Scott-connected  transformers  due  to  unscientific 
design. 

(5)  Failure    of    transformers    due    to    bad    housing, 

unsldlled  operation,  and  heavy  overloads. 

With  the  experience  of  the  past  few  years  and  a  careful 
study  of  the  conditions  of  service  on  site,  the  above 
causes  of  trouble  have  been  practically  eliminated,  so 
that  the  furnace  transformer  can  now  be  said  to  be 
thoroughly  sound,  both  mechanically  and  electrically. 
Transformers  for  use  with  resistance  furnaces,  as  defined 
by  the  author,  have  not  caused  so  much  trouble  as  those 
for  steel  furnaces,  due  to  the  more  stable  conditions 
of  loading  ;  but  the  accommodation  of  heavj'  currents, 
the  insulation,  housing  and  operating  questions  have 
led  in  this  case  also  to  more  sound  and  reliable 
construction. 

Since  the  steel  furnace  is  that  which  is  most  common 
and  causes  most  criticism,  it  is  with  transformers  for 
this  condition  of  service  that  the  author  mainly  deals. 

Transformers  for  Steel  Furnaces. 

The  requirement  of  steel  furnaces  may  be  for  single, 
two-  or  three-phase  supply,  but  the  general  characteristics 
of  the  transformers  are  the  same  for  all  three. 

Electrical  Characteristics. 

Voltage  ratio. — Furnaces  in  general  require  a  minimum 
of  three  low-tension  pressures  for  use  at  different  stages 
of  production. 

Reactance. — The  transformers  must  be  provided  with 
a  certain  amount  of  reactance  for  stead)'ing  the  arc  and 
reducing  the  rush  of  current  to  safe  values  in  the 
transformer  windings  and  supply  mains.  This  reactance 
may  be  internal  or  externa!,  depending  on  the  size 
of  unit,  and  its  value  is  dependent  on  the  lay-out  of  the 
low-pressure  leads,  the  furnace  construction,  and  the 
supply  company's  capability  of  dealing  with  sudden  and 
heavy  loads. 

End  turns. — It  is  necessary  to  reinforce  heavily  the 
•end  turns  of  the  high-pressure  windings,  due  to  the 
possible  high-pressure  rises  consequent  on  heavy 
■current-rushes ;  also  extra  insulation  between  the 
remaining  turns  is  advisable,  especially  where  tappings 
are  brought  out. 

Tappings. — The  tappings  for  voltage  variation  should 
be  on  the  liigh-pressure  side,  for  due  to  the  few  turns 
on  the  low-pressure  side  correct  voltages  cannot  readily 
be  obtained. 

The  switchgear  problem  is  also  simplified  b}'  the  use 
of  high-pressure  tappings. 

The  tappings  should  be  in  the  middle  of  the  winding, 
to  eliminate  high  voltages  by  auto-transformer  effect 
and  also  to  free  the  reinforced  turns  from  anv  break 
in  their  insulation. 

Ratio  of  iron  to  copper  loss. — The  ratio  of  iron  to  copper 
loss  is  not  important,  as  the  transformers  are  never  run 
for  any  length  of  time  on  open  circuit.  The  total  losses 
should  be  a  minimum  at  the  most  common  voltage. 


Circulating  currents. — Coils  connected  in  parallel 
should  be  so  placed  that  they  are  equally  loaded  under 
all  conditions  of  service. 

Mechanical  and  Constructional  Requirements 

Robustness. — The  transformer  must  be  of  sound 
mechanical  construction  with  its  coils  rigidly  supported 
in  all  directions  in  which  movement  is  possible  under  a 
heavy  rush  of  current. 

The  major  force  in  a  sandwich-type  winding  is  axial, 
and  a  minor  force  in  a  radial  direction  due  to  coil 
dimensions. 

With  a  concentric  type  of  winding,  these  forces  are 
reversed. 

Bracing  to  avoid  destruction  of  windings  due  to  a 
fault  between  turns  is  not  a  practical  possibility,  as  all 
the  power  of  the  supply  system  would  tend  to  rush  to 
such  a  fault  and  destruction  would  result  whatever 
bracing  be  provided. 

Cleating  of  leads. — All  leads,  high  and  low  pressure, 
should  be  securely  clamped  to  prevent  movement 
due  to   heavy  current-rushes. 

This  clamping  is  very  necessary  for  low-pressure 
leads  carrying  heavy  current,  as  they  tend  to  vdbrate 
and  chafe  the  insulation  between  them. 

Insulation. — The  insulating  material  should  be  strong 
and  firmly  held  in  position,  being  assembled  with  the 
coils  and  secured  while  under  pressure. 

Ventilating  ducts. — Numerous  ventilating  ducts  should 
be  provided  by  means  of  suitably  arranged  spacing 
blocks  between  the  several  coils  to  prevent  local  heating. 
These  ducts  should  ensure  a  free  and  ample  circulation 
of  the  cooling  medium. 

Hi^h-pressitre  terminals. — Only  the  high-pressure  leads 
required  should  be  brought  out  of  the  case,  the  remainder 
being  retained  under  oil  level.  The  high-pressure  line 
leads  should  be  brought  through  individual  insulators. 

Loiv-pressurc  leads. — The  low-pressure  leads  should  be 
increased  in  section,  from  two  or  three  inches  under 
oil  level,  to  prevent  heating. 

Location  and  Operation. 

Self-cooled  transformers  should  be  placed  in  well- 
ventilated  chambers  with  a  minimum  distance  between 
them  of  18  inches  for  sizes  up  to  1,000  k.v.a.  and  24 
inches  for  large  units. 

They  should  be  kept  clean  and  easy  of  access. 

They  should  be  placed  as  near  to  the  furnace  as  possible 
and  symmetrical,  with  a  fireproof  barrier  between  them 
and  the  furnace. 

The  operation  should  be  supervised  by  a  skilled 
attendant,  as  unskilled  attention  has  been  the  cause  of 
serious  trouble. 

The  low-pressure  leads  should  be  as  near  together 
as  possible,  and  interleaved  for  currents  higher  than 
5,000  amperes. 

The  foregoing  general  requirements  are  the  result  of 
several  years'  experience  gathered  in  the  design,  manu- 
facture and  operation  of  furnace  transformers. 

Core  and  Shell  Type  of  Construction. 
Transformers    for    furnace    work    are    manufactured 
of  both  the  core  and  shell  type  constructions. 
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Figs.  1  and  2  show  typical  examples  of  both  types. 
Both  types  have  been  satisfactorily  manufactured  and 
are  giving  good  service,  but  a  comparison  of  the  two 
methods  will  be  of  interest. 

Core  type  [Fig.  i). — The  core-type  construction  in 
general  has  its  coils  in  sandwich  form,  to  admit  of  easy 
access  to  both  low  and  high-pressure  coils  and  leads, 
and  also  to  admit  in  the  design  of  the  required  reactance 
being  obtained.  The  core  is  built  up  in  a  rigid  manner 
similar  to  a  standard  power  transformer,  and  the  coils 
are  assembled  on  the  core  one  by  one  and  insulated  in 
a,n  approved  manner. 

The  low-pressure  and  high-pressure  leads  are  brought 
out  on  opposite  side  of  the  core  to  faciUtate  mounting. 

The  low-pressure  coils  are  connected  in  parallel  or  in 
series  parallel  to  obtain  the  required  current-carrying 
capacity. 

The  low-pressure  leads  are  brought  out  as  close  together 
as  possible  in  an  interleaved  fashion  to  reduce  the  react- 
ance to  a  minimum. 

A  strong  and  good-looking  piece  of  apparatus  can  be 
made  with  this  construction,  provided  good  workmanship 
is  available. 

There  are  few  comments  on  this  type  which  might 
be  of  interest. 

Advantages. — The  coils  are  almost  wholly  visible  and 
there  is  no  congestion  of  leads  as  the  whole  face  of  the 
two  sides  of  the  transformer  v%'inding  is  available. 

The  relative  economic  proportions  of  actual  material, 
i.e.  copper  to  iron,  can  be  reasonably  obtained. 

Disadvantages. — On  account  of  the  number  of  low- 
pressure  coils  in  parallel  and  the  unequal  length  of  their 
leads,  a  true  distribution  of  current  is  difficult  to  obtain. 

The  coils  surrounding  the  core  are  liable  to  damage 
during  manufacture  and  shipment. 

There  are  many  heavy  joints  of  copper  on  the  low- 
pressure  side,  and  the  failure  of  any  one  may  cause 
serious  trouble. 

There  is  always  a  shrinkage  of  insulation  due  to  the 
weight  of  the  coils  acting  directly,  and  hence  some  means 
of  compensating  for  this  shrinkage  is  necessary. 

In  a  sandwdch  core-type  winding  the  ventilating 
ducts  are  in  a  radial  direction  and  at  right  angles  to 
the  natural  flow  of  oil,  and  hence  are  of  very  httle  use 
for  the  purpose  for  which  they  are  intended.  The 
losses  when  under  load  are  very  heavy,  due  to  part  of 
the  leakage  flu.x  between  the  rrimary  and  secondary' 
windings  cutting  the  core  clamping  plates  and  punchings 
at  right  angles  on  two  sides  of  the  core  (see  Fig.  3). 

If  the  number  of  primary  and  secondary  groups  is 
large  and  voltage  variation  is  required  by  means  of 
high-pressure  tappings,  then  the  load  distribution  in 
the  low-pressure  windings  is  hkely  to  be  disturbed. 
The  low-pressure  coils  adjacent  to  the  cut-out  high- 
pressure  coils  \vill  carry  httle  or  no  load  owing  to  their 
increased  reactance. 

This  unequal  loading  is  a  great  disadvantage,  especially 
if  a  constant  low-pressure  current  at  each  voltage  is 
required 

Shell  type  .{Fig.  2). — The  furnace  transformer  built 
on  the  rectangular  shell-type  principle  has  its  coils 
arranged  in  a  sandwich  fashion,  similar  to  a  standard 
power  transformer. 


The  coils  are  wound  in  sections  and  assembled  together 
with  their  requisite  insulation  under  pressure. 

Numerous  and  large  ventilating  ducts  are  provided 
between  each  coil  or  pair  of  coils. 

The  low-pressure  coils  are  usually  wound  of  bare 
heavy  copper  strips  on  edge,  and  the  turns  so 
disposed  as  to  reduce  the  circulating  currents  to  a 
minimum. 

The  individual  turns  of  the  low-pressure  coils  are 
left  bare,  but  insulated  from  one  another  by  soUd  in- 
sulating channels  and  barriers.  The  completed  windings 
are  fitted  with  their  internal  coil  supports  and  placed 
in  their  base  castings,  the  punchings  being  buUt  around 
them  to  the  required  height. 

Coil  supports  are  provided  internally  in  a  radia 
direction,  to  stiffen  the  coils  and  prevent  their  weight 


--fjgfVi 


Fig.'  3. — Section  of  a  core-type  furnace  transformer,  showing 
leakage  fields  and  section  of  coUs  and  insulation. 


being  carried  b)'  the  punchings.  The  coil  heads  are 
also  supported  each  side,  top  and  bottom,  in  an  axial 
direction. 

The  low-  and  high-pressure  leads  are  brought  straight 
up  from  the  top  of  the  coils  through  stiflE  cleats. 

.  The  high-pressure  coils  are  generally  all  in  series 
with  the  tappings  in  the  centre  of  the  windings,  so  as 
not  to  interfere  with  the  reinforced  turns  or  materially 
affect  the  balance  of  load  in  the  low-pressure  parallel 
cods. 

The  low-pressure  leads  are  brought  out  with  heavy 
copper  bars  of  increased  section  to  eUminate  heating 
above  the  cooling  medium. 

There  are  also  a  few  comments  on  this  type  of 
apparatus  which  might  be  of  interest. 

Advantages. — ^The  coOs  are  protected  from  mechanical 
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damage  during  manufacture  and  shipment  by  the 
core  and   castings. 

AH  ventilating  ducts  are  in  a.  vertical  direction  in 
the  line  of  flow  of  the  cooling  medium. 

The  copper  forming  the  low-pressure  coils  and  leads 
may  be  of  one  length,  thus  obviating  heavy  joints  inside 
the  transformer  case. 

The  low-pressure  leads   are  all   of  equal  length. 

The  central  position  of  the  high-pressure  tappings 
reduces  to  a  minimum  the  unbalancing  of  the  load  in 
the  low-pressure  coils. 

The  copper  loss  is  not  greatly  in  excess  of  the  I^  R 
loss,  since  the  leakage  flux  cuts  the  punchings  in  a 
parallel  direction,  except  at  the  coil  heads,  but  here 
the  leakage  flux  is  of  low  magnitude  due  to  the  longer 


Future   Requirements. 

Having  described  the  requirements  of  a  furnace 
transformer  and  the  two  general  types  of  manufacture, 
it  is  now  intended  to  view  the  future  requirements  of 
furnace  manufacturers  and  their  effect  on  the  present 
manufacture. 

Up  to  the  present  time,  electric  steel  furnaces  have 
been  designed  and  built  for  dealing  with  quantities  up 
to  about  15  tons,  but  the  future  will  demand  larger 
sizes  up  to  30  or  40  tons'  capacity. 

Taking  the  kilovolt-amperes  required  per  ton  at 
200,  then  transformer  groups  of  6,000  to  8,000  k.v.a. 
will   be   required. 

The  problem  of  transforming  this  amount  of  power 
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Fig.  4.- — Section  of  a  shell-type  transformer,  showing  leakage  fields  and  method  of  coil  insulation. 


leakage  path  and  the  greater  distance  of  the  iron  circuit 
!rom  the  coils  (see  Fig.  4). 

Disadvantages. — The  coils  are  not  wholly  in  view, 
but  the  coil  heads  are  visible  unless  covered  by  un- 
necessary clamps. 

The  high  and  low-pressure  leads  coming  out  from  the 
same  end  of  the  windings  give  a  congested  appearance 
and,  if  not  properly  arranged,  may  cross  one  another 
too  closely  and  in  time  cause  a  fault. 

The  economical  proportions  of  active  material 
cannot  be  so  readily  obtained  as  in  a  core-type  trans- 
former. This  is  because  the  iron  section  of  a  shell- 
type  transformer  is  usually  much  larger  than  that  of 
a  core  type  for  the  same  rating,  and  hence  fewer  turns 
are  required  to  induce  the  required  voltage. 

This  difficulty  is  more  pronounced  in  large  sizes, 
but  can  in  a  measure  be  remedied  by  designing  on  the 
lines  of  the  author's  patent  No.  131,026,  which  will  be 
referred  to  later 


is  not  unreasonable,  since  power  transformers  for 
dealing  with  much  larger  capacities  have  been  manu- 
factured. 

The  solution  of  this  problem  is  not  so  simple,  due  to 
the  low  voltages  required  and  the  consequence  heavy 
currents. 

There  are  several  alternatives  whereby  this  increased 
power  can  be  supplied  to  the  furnace  : — 

(i)   By  increasing  the  current  at  the  present  voltage. 

(2)  By  increasing  the  voltage. 

(3)  By  increasing  the  number  of  phases. 

(i)  Power  can  be  increased  by  increasing  the  currents 
at  the  present  voltage  values,  and  subdividing  this 
current  into  two  or  more  parallel  paths  through  the 
furnace. 

If  the  case  of  an  8,000-k.v.a.  furnace  at  85  volts  to 
the    bath    be    taken  as  an  example,  then  over  47,000 
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amperes  per  phase  for  a  two-phase,  and  over  31,000 
amperes   for   a   three-phase   furnace   will   be   required. 

Since  the  largest  electrode  at  present  in  use  is  the 
12-inch  diameter  graphite,  capable  of  deahng  with 
ir.ooo  amperes,  it  would  be  necessary  to  use  at  least 
four  electrodes  per  phase  for  a  two-phase,  and  three 
per  phase  for  a  three-phase  furnace,  i.e.  8  or  9  electrodes 
for  the  furnace. 

Transformers  for  deaUng  wath  such  currents  as  above 
can  be  designed  and  manufactured,  but  only  the  furnace 
designers  can  give  expert  opinion  on  the  possibiUty  of 
providing  for  the  numerous  electrodes  in  the  roof 
structure  of  the  furnace. 

(2)  Power  can  be  increased  by  raising  the  voltage 
between  the  electrode  and  the  bath  or,  in  other  words, 
by  increasing  the  intensity  of  the  arc.  The  possibility 
of  this  suggestion  is  dependent  on  the  roof  lining  of  the 
furnace. 

The  author  has  seen  the  roof  of  manj-  furnaces  de- 
stroyed due  to  the  destruction  of  the  refractorj'  material 
by  the  intense  heat,  so  that  to  sustain  a  still  further 
intensity  of  heat  a  stronger  refractory  material  will 
have  to  be  obtained  or  the  roof  protected  in  some  arti- 
ficial way.  Here  again  is  a  problem  for  the  furnace 
designer,    as   the   transformers    present   no    difficulties. 

(3)  The  third  alternative,  that  of  incresising  the 
number  of  phases,  seems  to  be  the  one  favoured  by 
furnace  designers  as  suggested  in  the  papers  on  "  Electric 
Furnaces,"  by  Messrs.  J.  Bibby  and  V.  Stobie,  read 
before  the  Institution  in  May  1919. 

Up  to  the  present  time,  the  author  is  under  the  im- 
pression that  in  this  country  the  maximum  number  of 
phases  used  in  a  steel  furnace  has  been  three.  Furnaces 
for  four,  six  and  eight  phases  have  been  designed  and 
various  transformer  connections  suggested  and  patented 
to  obtain  these  requirements.  None  of  these,  however, 
has  had,  as  far  as  the  author  is  aware,  any  practical 
commercial  trial  up  to  the  present. 

The  same  difficulty  presents  itself  here  as  in  the  first 
alternative,  viz.  a  large  number  of  electrodes  is  required. 

There  may  be  other  advantages,  such  as  a  more 
equal  distribution  of  energy  and  more  economical 
production,  and  in  the  case  of  conducting-hearth 
furnaces  the  current  may  be  kept  within  safe  hmits. 

With  regard  to  the  special  transformer  connections 
referred  to,  it  would  be  well  to  construct  a  small  trial 
furnace  before  embarking  on  any  large  installation  so 
as  to  avoid  unworkable  connections. 

This  suggestion  of  a  trial  furnace  is  necessary,  for 
practical  difficulties  are  not  alwa^'S  apparent  from 
theoretical  considerations. 

The  practical  limit  of  size  for  an  electric  furnace  will, 
in  the  author's  opinion,  be  a  compromise  between  all    ' 
three   alternatives   and   will   depend   on — 

(a)  The    maximum    current    that    can    possibly    be 

carried  per  electrode. 

(b)  The    maximum    voltage    that    can    be    sustained    : 

across   the   arc   without   destroying   the   roof,      j 

(c)  The  maximum  number  of  electrodes  that  can  be   ' 

installed  without  danger  to  the  roof. 

Thus,  if  11,000  amperes  is  the  maximum  current  per 
electrode,  the  maximum  voltage  across  the  arc  90  volts. 


and  the  maximum  number  of  electrodes  8,  then  the 
maximum  size  of  furnace  is  7,920  k.v.a.  or  approxi- 
mately  40  tons. 

The  Design  of  L.^rge  Furnace  Transformers. 

The  fundamental  principles  underlying  the  design 
of  large  furnace  transformers  are  the  same  as  those  in 
power  transformers,  but,  due  to  the  large  currents, 
special  reactance  and  possible  intricate  connections, 
particular  attention  must  be  given  to  their  design. 

The  reactance  value  required  fixes  the  number  of 
groups  of  coils,  while  the  magnitude  of  the  current 
determines  the  arrangement  of  the  low-pressure  parallel 
turns.  The  disposition  of  the  parallel  turns  must  be 
such  that  equal  loading  takes  place,  and,  to  attain  this, 
conductors  in  parallel  must  be  of  equal  length  and  have 
equal  reactance. 

In  a  straight  transformer  the  designer's  chief  problem 
is  the  arrangement  of  the  parallel  low-pressure  conduc- 
tors. 

This  problem  is  more  difficult  of  solution  the  larger 
the  size  of  unit  and  the  higher  value  of  current  to  be 
catered  for. 

Since  conductors  above  a  certain  width  cause  heavy 
losses,  and  above  a  certain  breadth  are  difficult  to 
obtain  in  long  lengths,  several  conductors  have  to  be 
used  in  parallel  per  coil. 

As  the  size  of  unit  becomes  larger,  the  core  section 
becomes  greater,  and  consequently  the  low-pressure 
turns  become  few  in  number.  This  low  number  of 
low-pressure  turns  becomes  more  pronounced  with  shell- 
t\-pe  than  with  core-tj'pe  transformers ;  for,  considering 
the  same  size  of  unit,  the  section  of  the  shell  is  generally 
much  larger  than  that  of  the  core  type  for  economical 
proportions  of  active  material. 

In  connection  with  large  shell-type  transformers,  the 
choice  of  the  number  of  low-pressure  turns  often  lies 
between  one  and  two.  If  one  turn  is  used,  then  a  large 
iron  section  is  necessary  ;  or  if  two  be  used,  a  large 
weight  of  copper  is  required,  while  neither  wiU  give 
economic  proportions  of  active  material  and  minimum 
losses. 

If  I J  turns  be  used,  as  described  in  the  author's  patent 
No  131,026,  a  proportion  of  active  material  nearer  to 
the  economical  value  can  be  obtained  (see  Fig.  5). 

If  transformers  with  intricate  connections  are  to  be 
designed,  as  for  instance  with  the  low-pressure  windings, 
Scott-connected,  double  Scott-connected,  or  Mr.  J. 
Bibby's  four  or  eight-phase  connection,  then  further 
attention  must  be  given  to  the  arrangement  of  the  low- 
pressure  windings.  With  special  connections  such  as 
the  above,  the  currents  passing  through  the  coils  on  the 
same  core  are  at  different  phase  angles  and  so  affect 
the  reactance  and  possibly  the  terminal  voltage,  unless 
scientifically  arranged. 

The  high-pressure  windings  do  not  in  general  require 
so  much  thought,  for  the)-  can  usually  be  arranged  in 
series. 

If  tappings  are  required,  their  position  should  be  such 
as  not  to  affect  the  end-turn  reinforcement,  the  dis- 
turbance of  load  in  the  low-pressure  conductors  to  any 
great  extent  or,  hkewise,  the  reactance.  This  is  affected 
usually  by  putting  them  in  the  centre  of  the  winding 
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and  also  as  far  away  from  the  low-pressure  coils  as 
possible. 

The  Ideal    Furnace    Traxsformer. 
The  ideal  furnace  transformer  must  fulfil  the  following 
requirements  :  — 


currents,  it  is  desirable  to  increase  the  number  of 
low-pressure  coils  in  parallel.  This  increase  in  the 
number  of  coils  in  parallel  consequently  reduces  the 
reactance  value  of  the  transformer. 

A   transformer  of  low   reactance,    while   satisfactory 
for  resistance  furnaces,  is  unsafe  for  arc  furnaces,  hence 


Fig.  6. — 1,250-k.v.a.  single-phase  shell-type  furnace  transformer  with  low-tension  booster. 


Simplicity  in  design  and  operation. 
Reliabilit3\ 

Balanced   loading   under   all   service   conditions. 
Safety  and  continuity  of  supply. 
In    order   to   simplify   the   design   and   manufacture 
of  furnace  transformers,  and  especially  those  for  heavj' 


the  transformer  reactance  would  have  to  be  supplemented 
by  an  external  reactance  in  either  the  high-pressure 
or  low-pressure  side. 

An  ideal  transformer  would  also  be  one  as  simple  as 
possible,  having  no  tappings. 

If  voltage  variation  on  the  low-pressure  side  is  re- 
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quired,  this  would  be  obtained  by  means  of  a  regulating 
transformer  (Fig.  7),  a  booster  (Figs.  6  and  8),  or  an 
induction  regulator. 

The  regulating  transformer  may  be  an  auto  or  double- 
wound  transformer.  If  a  booster  is  used,  its  primary 
winding  can  be  arranged  for  the  line  voltage,  and  hence 
no  tappings  are  required  if  only  three  voltage  variations 
are  necessary. 

The  three  voltages  can  be  obtained  by  using  the 
booster   positive    or   negative   and    by    short-circuiting 
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Fig.  7. — Diagram  of  connections  of  furnace  transformer 
with  high-tension  auto-regulating  transformer  and 
external  reactance. 


the  booster  primarj-  winding.  The  use  of  a  regulating 
transformer,  booster  transformer,  or  induction  regulator 
makes  possible  the  same  loading  condition  of  the  low- 
pressure  coils  at  each  voltage. 

The  regulating  transformer  can  be  wound  for  any 
voltage  if  double  wound,  so  also  can  the  booster  trans- 
former, but  due  to  regulating  switchgear  the  voltage 
is  necessarily  limited. 

Induction  regulators  also  have  voltage  limitations 
and  also  a  low  operating  power  factor. 

Furnace  transformers  and  the  alternative  auxiliaries 
above  mentioned  are  suitable  for  all  types  of  furnace, 
since  the  reactance  being  external  can  be  varied  at 
will  or  cut  out. 

If  the  external  reactance  be  inserted  in  the  line  leads 
of  the  high-pressure  side,  it  will  also  protect  the  trans- 
former from  voltage  surges. 

Since  a  large  number  of  furnace  transformer  failures 
have  been  traceable  to  faulty  insulation  of  tappings, 
the  abandonment  of  tappings  on  the  main  transformer 
will  increase  its  reliability. 

In  the  suggested  methods  of  voltage  variation  such 


as  regulating  transformers  and  boosters,  tappings  are 
sometimes  unavoidable,  but  should  these  auxiliary 
units  fail  it  is  possible  to  cut  them  out  and  continue 
to  run  the  furnace  from  the  main  transformer  at  some 
voltage.  The  voltage  obtainable  may  not  be  exactly 
that  for  most  economical  production,  but  it  will  be 
serviceable  and  prevent  a  complete  shut-down  of  the 
plant. 

The  ideal  furnace  transformer  is,  in  the  author's 
opinion,  a  simple  transformer  of  one  voltage  ratio  with 
a  moderate  reactance.  The  necessary  auxiliaries  for 
voltage  requirements  and  safe  working  are  an  external 
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Fig.  8. — Diagram  of  connections  of  a  furnace  transformer 
with  low-tension  booster  and  external  reactance. 

reactance  on  the  line  side  of  the  high-pressure  winding, 
a  regulating  transformer,  a  booster  transformer,  or  an 
induction  regulator  for  voltage  variation. 

Mechanical  Stresses. 

A  great  deal  has  been  said  on  various  occasions  con- 
cerning the  heavy  stresses  to  which  furnace  transformers 
are  subjected. 

While  tliis  in  a  measure  is  true,  it  should  not  be 
interpreted  to  mean  that  the  mechanical  forces  exerted 
on  the  transformers  are  of  extremely  liigh  value,  but 
that  during  operation  frequent  and  repeated  stresses 
of  a  moderate  value  are  exerted.  These  stresses  take 
place  frequently  during  the  melting  period,  and  are 
brought  to  bear  on  the  coils  and  leads. 

The  operating  power  factor  during  the  melting  period 
of  a  steel  furnace  (conduction  type)  is  about  o-S.  This 
figure  is  very  difficult  to  obtain  owing  to  unsteady 
load  conditions,  but  from  a  study  of  many  equipments 
and  various  tests  and  estimates,  the  power  factor  rarely 
exceeds  the  above  figure  until  the  bath  is  completely 
molten. 
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The  type  of  furnace  and  the  lay-out  of  the  heavy- 
current  leads  controls  the  power  factor  to  a  certain 
extent,  but  o-8  can  be  taken  as  an  average  figure. 
When  the  furnace  bath  is  molten  and  the  arcs  become 
steady,  the  power  factor  rises  to  o-g  or  0-92. 

Taking  the  melting  period  with  a  power  factor  of 
0-8,  the  reactance  voltage  in  the  circuit  is  consequently 
60  per  cent,  so  that  if  the  arc  should  be  short-circuited 
the  maximum  cmrent  would  be  i-6  times  full  load. 

^Vhen  molten  and  at  a  power  factor  of  0-9,  the  react- 
ance voltage  in  the  circuit  is  43-5  per  cent,  and  permits 
of  a  maximum  short-circuit  current  of  2-3  times  normal. 
The  mechanical  stresses  are  dependent  on  the  maximum 
currents  that  are  allowed  to  flow  through  the  windings  ; 
and  to  give  an  idea  of  the  magnitude  of  these  stresses 
a  typical  example  will  be  taken. 

A  2,ooo-k.v.a.  25-period  single-phase  shell-tj'pe  trans- 
former having  a  reactance  of  7  per  cent  will,  if  short- 
circuited  directly  across  its  secondary  leads,  allow 
approximately  14-3  times  its  full-load  current  to 
flow  provided  the  supply  voltage  is  maintained 
This  current  brings  a  mechanical  stress  to  bear  on  the 
coils  in  an  axial  direction  of  approximately  60  tons. 

If  the  transformer  is  suppl^dng  a  furnace  and  during 
the  melting  period  (power  factor  o-8)  is  short-circuited 
by  the  electrode  coming  into  direct  contact  with  the 
bath,  the  short-circuit  current  that  will  flow  will  be 
1-6  times  full  load  since  the  reactance  in  circuit  is  60 
per  cent,  i.e.  7  per  cent  in  the  transformer  -f  53  per 
cent  in  the  furnace  lay-out. 

The  mechanical  stress  due  to  this  current  is  approxi- 
mately 0'3  ton  on  the  coils  in  an  axial  direction. 

If  the  short-circuit  occurs  during  the  molten  period, 
i.e.  power  factor=o-g,  the  short-circuit  current  is  2-3 
times  full  load,  for  the  reactance  in  circuit  is  now 
approximately  43'5  per  cent,  i.e.  7  per  cent  in  the  trans- 
former and  36-5  per  cent  in  the  furnace  and  lay-out. 
This  current  brings  a  mechanical  stress  of  approximately 
0-8  ton  on  to  the  coils  in  an  axial  direction. 

The  figures  of  stress  are  those  on  the  coil  surface. 

From  the  above  example,  it  can  be  said  that  during 
normal  operation  furnace  transformers  are  not  subjected 
to  hea\'y  mechanical  stresses  by  the  short-circuiting 
of  electrodes. 

Hea\-y  stresses  are  encountered,  however,  if  the  trans- 
former low-pressure  terminals  are  short-circuited,  or 
if  the  primary  windings  between  tappings  become 
short-circuited  due  to  failure  of  insulation  or  selector 
swtchgear.  While  the  stresses  during  normal  opera- 
tion are  not  heavy,  they  occur  very  frequently  and, 
unless  the  coils  and  leads  are  clamped  securely,  failure 
of  insulation  may  result  after  a  period  of  serxdce  due  to 
friction  or  movement  of  loose  leads  of  different  potential. 

In  the  example  quoted,  the  values  of  stress  are  those 
which  occur  when  the  short-circuit  current  reaches  its 
final  short-circuit  value.  These  values  may  be  quad- 
rupled during  the  first  cycle  of  a  short-circuit  according 
to  the  point  of  the  voltage  wave  at  which  the  short- 
circuit  occurs. 

Furnace  Lay-out. 
The  satisfactory  operation  of  electric  furnaces  is  not 
dependent  solely  on  the  transformers  being  of  correct 


design  and  sound  construction,  but  also  on  the  lay-out 
of  the  electric  equipment.  By  lay-out  is  meant  the 
relative  positions  of  transformers  and  furnace  and  the 
heavy-current  connections  between  them.  The  imscien- 
tific  lay-out  has  been  the  sole  cause  in  many  instances 
of  unsatisfactory  operation. 

The  effects  of  a  bad  lay-out  are  chiefly — 

Low  operating  power  factors,  hence  inefficient  working 
and  a  possible  loss  of  useful  working  voltage. 

Heating  up  of  leads,  clamps  and  cables. 

Unbalancing  of  voltages  on  the  furnace,  and  un- 
balanced load  currents  and  phase  relation  on  the 
supply  side  of  the  transformers. 

The  chief  cause  of  lay-out  trouble  is  that  the  inductance 
of  the  leads  on  the  low-pressure  side  between  the  trans- 
formers and  the  furnace  is  either  too  high  or  unequal 
in  the  different  phases. 

This  excess  value  or  inequality  of  inductance  causes 
heavy  or  unequal  voltage  drops  in  the  leads. 

The  difficulty  experienced  in  overcoming  this  cause 
of  trouble  grows  with  the  increase  of  current,  since 
the  leakage  field  surrounding  each  lead  or  bunch  of 
leads  grows  in  proportion  to  the  current. 

In  order  to  reduce  the  posssibihty  of  a  hea\7-  choking 
effect  and  unbalanced  voltages,  the  following  suggestions 
will  be  helpful : — 

(i)  The  transformer  or  transformers  should  be  placed 
as  near  to  the  furnace  as  possible,  so  that  the 
heavy  low-pressure  leads  may  be  of  minimum 
length. 

(2)  The    low-pressure    leads    of    the    various    phases 

should  be  symmetrically  placed  with  respect 
to  the  transformers  and  furnace.  This  is 
essential  so  that  the  leads  of  each  phase  may 
be  of  approximately  the  same  length,  and  also 
that  the  area  enveloped  in  each  phase  should 
be  equal,  and  hence  the  inductance  of  each 
phase  equal. 

(3)  The    area    between    the    positive    and    negative 

low-pressure  leads  should  be  as  small  as  possible, 
and  also  that  between  phases,  in  order  that  the 
inductance  may  be  a  minimum  or  of  a  practicable 
value. 

(4)  The  low-pressure  leads  for  heavy  currents  (above 

5,000  amperes)  should  be  in  multiple  and  inter- 
leaved from  the  transformer  to  a  point  as 
near  the  furnace  as  possible.     This  will  keep 

the  inductance  down  to  a  low  value  and  make 
that  of  each  lead  approximately  the  same,  thus 
ensuring  that  each  parallel  lead  takes  its  proper 
share  of  the  load. 

(5)  The  heavy-current  leads  should  not  be  run  near 

any  heavy  magnetic  structure  such  as  girders  or 
supporting  columns,  unless  both  the  positive  and 
negative  leads  are  run  together  and  interleaved. 

(6)  No  magnetic  material  should  form  a  closed  circuit 

around  any  positive  or  negative  conductor,  or 
heavy  currents  will  be  induced  in  that  circuit. 
The  positive  and  negative  conductors  inter- 
leaved may  be  run  through  a  magnetic  circuit. 
Clamps  for  heavy-current  leads  should  be  of 
non-magnetic  material. 
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If  the  foregoing  suggestions  are  followed,  very  little 
trouble  will  be  experienced  in  connection  with  furnace 
lay-outs  up  to  fairly  large  sizes.  In  the  future  develop- 
ment of  electric  furnaces  much  heavier  currents  will 
have  to  be  dealt  with  than  in  the  past.  From  the 
point  of  view  of  lay-out,  it  is  possible  that  a  maximum 
current  limit  will  be  reached  for  satisfactory  operation. 


area  results.  The  increased  loop  area,  together  with 
the  heavy  currents,  brings  about  a  heavy  inductance 
drop  and  results  in  a  low  power  factor,  low  electrode 
voltage,  and  inefficient  working. 

In  some  cases,  as  in  the  following  example,  very 
little  additional  energy  is  obtained  on  the  furnace  due 
to  an  increase  in  load. 
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Fig.  9. — Curves  of  approximate  weight  .and  price  per  nominal  k.v.a.  rated  output  for  single-phase  oil-insulated  self-cooled 

furnace  transformers  with  low-pressure  range  of  i  to  i '31. 


Tlus  limit  is  suggested  by  the  fact  that  with  heavier 
currents  more  latitude  is  required  as  regards  loop  area 
for  the  accommodation  of  the  leads,  and  especially  is 
this  the  case  where  they  become  flexible  so  as  to  allow 
movement  of  the  electrode  and  the  flexibles  attached 
to  them. 

In  the  case  of  conducting  hearth  furnaces,  the  height 
of  the  loop  becomes  excessive  and  hence  a  large  enclosed 


As  an  example  of  the  possible  limitation  of  current, 
the  following  example  will  be  of  service. 

Taking  the  2,000-k.v.a.  furnace  transformer  already 
referred  to,  this  under  the  best  working  conditions  has 
an  operating  power  factor  of  0-92.  The  lay-out  of  this 
furnace  then  has  an  inductive  drop  of  approximately 
39  per  cent  for  a  current  of  23.500  amperes  at  a  terminal 
voltage  of  85.     This  ijiductive  drop  can  be  spht  up  into 
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transformer  inductive  drop  of  7  per  cent  and  lay-out 
inductive  drop  of  32  per  cent. 

The  above  figures  are  those  for  an  average  case  2uid 
represent  a  fairly  good  lay-out  that  cannot  be  much 
improved. 

Now  suppose  the  transformer,  leads  and  furnace  be 
replaced  by  one  of  5,000  k.v.a.,  the  transformer  ha^'ing 
the  same  reactance  value  of  7  per  cent.  Taking  the 
lay-out  to  be  similar  to  the  2,000  k.v.a.  unit,  but  of 
hea\der  copper  section,  and  the  loop  area  the  same, 
though  in  practice  it  would  have  to  be  larger,  then  the 
following  would  result : — 

The    load    current    is   now    58,800   amperes   with   a 

terminal  voltage  of  85. 

32  X  58,800 

This  will  cause  an  inductive  drop  of =80 

23,500 

per  cent  or  a  total  of  87  per  cent  approximately,  including 

the  transformer.     This    results    in    the    voltage    across 

the   furnace  being   only   49   per  cent   of   the   terminal 

voltage,  i.e.  41-6  volts,  and  an  operating  power  factor 

of  0-49.     Thus  although,  for  the  same  type  of  lay-out, 

the   k.v.a.    output   has   been   increased   from   2,000   to 

5,000,  i.e.  150  per  cent,  the  power  factor  has  dropped 

from  0-92  to  0-49,  and  the  energj'  has  only  been  increased 

from  1,840  to  2,450  kw.  or  33  per  cent. 

Actual  experiences  similar  to  the  above  example  are 
not  uncommon,  and  point  to  a  limitation  of  furnace 
size  on  account  of  limitations  in  lay-out.  In  other 
words,  a  lay-out  suitable  for  a  2,000  k.v.a.  unit  is  not 
suitable  for  a  5,000  k.v.a.  unit. 

The  inefiicient  results  given  in  the  example  above  may 
be  partially  overcome  bj'  increasing  the  voltage  on  the 
low-pressure  terminals,  so  that  the  resultant  voltage 
across  the  furnace  may  be  equal  to  that  for  the  smaller 
unit. 

For  the  2,000  k.v.a.  unit  the  terminal  voltage  is  85 
and  the  furnace  voltage  092  of  85,  i.e  78-2  (neglecting 
resistance  drop),  while  for  the  5,000  k.v.a.  unit  the 
furnace  voltage  is  only  0-49  of  85,  or  41-6  volts. 

Now  suppose  the  terminal  voltage  of  the  5,000  k.v.a. 
unit  be  loi  instead  of  85,  the  load  current  would  be 
then  reduced  to  49,500  amperes. 

The  inductive  drop  in  the  laj'-out  would  be 

32x49,500      85 

^-^^  x--^  =566  per  cent. 

23,500  lOI 

The  total  inductive  drop  would  be  7-f-56-6=63-6  per 
cent,  and  so  the  operating  power  factor  would  be  0-77 
and  the  voltage  across  the  furnace  0-77  x  loi  =  77-8  volts. 
As  a  result  of  increasing  the  terminal  voltage,  the  in- 
creasing of  the  k.v.a.  rating  from  2,000  to  5,000  has 
increased  the  energy  from  1,840  to  3,850  kw.,  i.e.  109 
per  cent,  which  is  an  improvement  as  against  increased 
current  only. 

It  will  be  noticed,  however,  that  the  power  factor  has 
fallen  from  0'92  to  0-77,  which  is  a  low  figure  and  points 


to  the  limitation  of  current  capacity  and  lay-out  alreadj^ 
suggested. 

Cost  and  Weight. 

With  reference  to  the  cost  and  weight  of  furnace 
transformers,  these  are  dependent  on  the  maximum 
low-pressure  current  and  the  voltage  variation  required, 
apart  from  the  variables  of  voltage  and  frequency. 

In  general,  the  furnace  transformer  k.v.a.  rating  is 
a  figure  much  below  that  for  a  power  transformer  of 
the  same  weight. 

For  instance,  take  a  2,000-k.v.a.  25-period  6,000/65  -' 
75  ;    85-volt    transformer    with    full    output    at    each 
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Fig.  10. — Curves  of  approximate  weight  and  price  per 
nominal  k.v.a.  rated  output  for  single-phase  oil- 
insulated  water-cooled  and  oil-insulated  force-cooled 
furnace  transformers  with  low-pressure  range  of 
I  to  1-31. 

tapping ;    this    would    be    equivalent    in   weight    to    a 
2,620  k.v.a.  power  transformer. 

If  the  low-pressure  current  is  constant  at  each  low- 
pressure  voltage,  then  the  equivalent  power  transformer 
for  the  same  weight  would  be  2,310  k.v.a. 

Approximate  prices  and  weights  are  given  in  the 
curves,  Figs.  9  and  10,  for  transformers  whose  voltage 
variation   is  obtained  by  means  of  tappings. 

For  furnace  transformers  complete  with  boosters  or 
regulating  transformers,  the  prices  would  have  to  be 
increased  10  to  15  per  cent. 

In  conclusion  the  author  wishes  to  express  his  thanks 
to  The  Metropolitan-Vickers  Electrical  Company  for' 
their  assistance  in  the  preparation  of  this  paper. 
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Discussion  before  The  Institution,  22  January,  1920. 


Mr.  H.  M.  Sayers  :    It  is  obvious  that  the  design  of 
a  transformer  for  furnace  purposes  is,  in  a  certain  sense, 
a    caricature     of    ordinary'    transformer    design.     The 
designer  has  to  meet  the  conditions  of  a  very  abnormal 
ratio   and   of   very   heavy   current   in   tlie   low-tension 
winding,  with  the  result  that  the  design  differs  a  good 
deal  from  that  of  a  transformer  for  power  and  lighting 
purposes.     The     necessity    for    voltage     regulation     is 
another   item   which   evidentlj'   causes   the   designer   a 
good  deal  of  perturbation,  and  the  author  has  proposed, 
and   has  presumably  tried,   a  number  of  methods  for 
dealing   with   that.     The   liability   to   short-circuits    in 
the  furnace  itself  is  a  serious  matter,  much  worse  than 
a    main    fault    on    a    low-tension    distribution    system, 
because  there  is  no  appreciable  resistance  between  the 
transformer  and  the  short-circuit.     With  regard  to  the 
loop  reactance  and  the  lay-out,  it  appears  to  me  that 
the  transformer  designer  ought  to  be  the  designer  of 
the  whole  electric  circuit  from  the  transformer  right  up 
to  the  furnace  electrodes  and  that  he  should  either  be 
able  to  specify,  or  know  in  advance,  the  loop  area  and 
the  maximum  reactance  due  to  it,  and  make  allowance 
for  it  in  the  voltage  on  the  low-tension  side.     The  only 
other  kind  of  transformer  which  has  anything  like  the 
ratio  of  turns  and  currents  of  the  furnace  transformer 
is  the  resistance  welding  transformer.     There  the  ratio 
is   even   more   exaggerated,    and   the   "  furnace  "    part 
as  well  as  the  transformer  part  is  designed  as  one  piece 
of    apparatus.     The    electric    furnace    circuit    and    its 
transformer  should  also  have  the  benefit  of  a  combined 
design.     With   regard   to   voltage   regulation,    I   gather 
from  the  paper  that  tappings  on  the  primary  are  the 
most  favoured.     I  also  gather  that  the  author  is  not 
very  well  satisfied  with  that  condition  of  things,  and  I 
can  quite  understand  that  the  supply  authorities  also 
are  not  very  pleased  with  it.     There  may  be  cases  where 
the  method  can  be  carried  out  without  very  much  risk. 
If  the  transformer  is  fed  from  a  star-connected  three- 
phase  system  with  the  star-point  earthed,  then  tappings 
at  the  neutral  end  of  the  primary  would  not  entail  a 
very  great  amount  of  risk,  although  I  agree  that  addi- 
tional   primary    leads    to    the    transformer    should    be 
avoided  if  possible.     The  rational  method  surelv  is  the 
one  mentioned  by  the  author,  of  using  a  booster  external 
to  the  transformer  and  regulating  on  that.     That  has 
the  important  advantage  of  keeping  up  the  power  factor. 
There  are  one  or  two  other  points  in  the  design  which 
might   be   worth   considering.     The   author   apparently 
prefers  to  keep  one  flux  path  ;    and  that  one  flux  path 
means  that  he  is  confined  to  one  or  two  turns,  or  to 
one  and  a  fraction  turns  on  the  low-tension  side.     Surely 
that  is  a  very  awkward  condition.     Would  it  not  be 
better  to  split  up  the  flux  paths  and  have  a  number  of 
flux    paths   in   parallel  ?     I    believe   many   advantages 
would  follow  from  that,   because  the  number  of  low- 
tension  turns  could  be  integral  to  start  with.     Every 
ow-tension  coil  would  be  an  exact  replica  of  every  other. 
All  the  connections,  that  is  to  say  the  lead  lengths  and 
the    other    dimensions,    could    be    exactly    similar.     I 


rather  think,  though  I  have  not  worked  it  out,  that  the 
ratio  of  active  to  inactive  copper  on  the  low-tension 
side  could  also  be  made  better  if  all  the  leads  were  of 
exactly  the  same  length.     There  might  be  perhaps  a 
little  advantage  in   the  insulation  of  the  primary.     If 
the  primary  is  divided  up  into  a  number  of  coils  on 
straight  iron  paths  there  will  be  less  risk  of  breakdown 
to   the  core,  without  very  much  increase  in  the  total 
amount  of  insulation.     I  shall  probably  be  told  that  to 
split  up  the  flux  paths  into  a  number  of  parallel  paths 
would   increase   the   amount   of   material.     I   think  it 
would  increase  the  ainount  of  iron,   and   perhaps  the 
amount  of  copper,  but  it  would  surely  improve  matters 
in  other  waj-s.     It  wovild  make  the  disposition  of  the 
low-tension  leads  more  manageable  ;   it  would  also  make 
it  easier  to  support  them   adequately  with   regard   to 
the  forces  that  may  come  upon  them  in  the  case  of  a 
short-circuit,  because  those  forces  would  be  divided  and 
distributed  ;     and   it   would,    I    imagine,    improve    the 
cooling  and  the  circulation  of  oil  or  other  cooling  medium 
through  the  transformer.     Moreover,  it  would  probably 
result  in   a   somewhat  larger   external   case,    and   that 
means   that  the   whole   transformer   would   work   at  a 
lower  temperature.     All  those  things  seem  to  be  worth 
considering.     The  old  controversy  of  shell  type  versus 
core  type  comes  up  again  in  this  paper,  and  the  author 
shows  a  decided  predilection  for  the  shell  type.     From 
the  point  of  view  of  the  designer  and  the  manufacturer 
that  is  understandable,  and  perhaps  it  is  also  affected 
by  the  question  of  competition  and  price  ;    but  from 
the  point  of  view  of  the  operating  engineer  I  say  most 
emphatically — and  I  have  used  transformers  for  a  great 
many  years — that  the  core  transformer  is  much  superior 
to  the  shell  type,  especially  for  the  operating  engineer 
who    is    far    from    a    factor}'.     Not    so    very    long    ago 
two    fairly    large    core    transformers    with    extra-high- 
tension   primaries   were   delivered   to   me   after   a   long 
voyage  and  an  even  longer  wait  in  the  custody  of  the 
Custom  House,  which  were  so  saturated  with  moisture 
that    they    gave    no    measurable    insulation    on    either 
winding.     By    careful    treatment    those     transformers 
were  dried  out  and  then  worked  quite  well,  and  I  have 
not  heard  that  they  have  given  any  trouble.     Now  I 
am  quite  sure  if  they  had  been  shell  transformers  they 
would  have  been  hopeless  ;     nothing  could  have  been 
done  with  them  but  to  send  them  back  to  the  manufac- 
turers and  to  wait  for  8  or  lo  months  for  a  new  set  or 
for   the   transformers   to   be   repaired.     Although   that 
may  be  an  extreme  case,  I  have  met  with  many  other 
cases  where  the  facility  of  inspection  of  coils  and  connec- 
tions, and  the  facility  with  which  repairs  can  be  made, 
are  very  useful  features  of  core  transformers.     In  the 
shell  transformers,   beyond  the  few  inches  or  foot   or 
two  of  leads  which  are  visible,  one  cannot  see  anything 
about  the  coils,  and  if  anybody  has  ever  tried  to  take 
to  pieces  a  shell  transformer  without  a  transformer  hand 
helping  him  he  must  have  been  amazed  at  the  result 
and  despair  of  ever  putting  the  transformer  together 
again.     The  probability  that  very  much  larger  furnace 
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transformers  will  be  required  in  the  near  future  renders 
this  paper  of  great  importance.  There  are  countries 
which,  having  very  large  amounts  of  iron  ore  and  no 
coal,  and  also  having  very  large  water-power,  will 
reduce  their  iron  ore  to  iron  by  means  of  electric  furnaces, 
and  they  will  not  want  6,000  or  7,000  kw.  transformers 
for  such  work  ;  they  will  require  60,000  or  70,000  kw. 
per  range  of  furnaces — I  do  not  say  in  one  transformer 
— and  that  is  going  to  be  a  very  important  matter. 

Major  A.  M.  Taylor  :  From  one  or  two  previous 
papers  on  this  subject  a  sort  of  hazy  idea  was  conveyed 
that  there  was  a  large  amount  of  reactance  in  the 
secondary  circuit.  I  thought  that  perhaps  it  was  in  the 
furnace  itself,  but  apparently  it  is  principally,  if  not 
almost  entirely,  in  the  connections.  The  results  of  the 
author's  observations  appear  to  be  that  really  there  is  so 
much  reactance  in  the  leads — design  them  how  one  will — 
that  a  very  severe  short-circuit  is  impossible.  That  is 
rather  intei'esting  in  view  of  the  description,  put  forward 
about  nine  months  ago,  of  the  Westinghouse  furnace 
transformers,  in  which  the  impression  was  given  that 
there  would  be  very  severe  stresses  on  the  windings. 
I  do  not  offer  any  comment,  except  that  the  author's 
figures  seem  to  justify  his  statement  that  there  is  no 
very  severe  stress.  There  is  one  thing  in  Fig.  8  in 
■which  I  am  rather  interested,  viz.  the  booster.  I  do 
not  know  whether  it  has  occurred  to  the  author  that  if 
the  high-tension  winding  of  the  booster  could  be  twisted 
round  through  120  degrees  on  to  the  next  phase  of  the 
supply,  he  would  then  get  a  boost  in  the  secondary 
circuit  of  the  main  transformer  in  such  a  sense  as  to 
bring  the  power  factor  up  to  unity  on  the  main  supply, 
at  the  expense,  however,  of  the  current  in  the  high- 
tension  winding  of  the  booster.  Suppose  the  high- 
tension  winding  of  the  boosters  were  put  on  to  a  special 
feeder  which  ran  back  to  the  power  station,  and  the 
whole  were  supplied  from  a  separate  generator  intended 
to  give  merely  the  wattless  components  ;  the  main 
supply  would  then  operate,  as  far  as  the  furnaces  were 
concerned,  at  unity  power  factor,  and  would  get  all  the 
benefits  due  to  that  condition.  Incidentally  in  that 
connection  I  would  mention  that  during  the  last  six 
months  I  have  found  it  possible  experimentally  to 
superpose  two  systems,  a  25-period  svstem  and  a 
50-period  system,  and  yet  to  have  the  two  systems 
absolutely  distinct,  so  that  the  frequency  and  voltage 
of  either  system  can  be  varied  at  will  without  interfering 
with  the  other.  That  could  be  applied  to  existing 
systems,  and  one  could  connect  with  advantage  all  the 
furnace  transformers  to  this  superposed  system,  which 
utilizes  the  existing  mains  without  alteration.  One 
would  thereby  avoid  the  fluctuations  in  the  supply 
to  lighting  and  other  consumers,  and  transfer  such 
fluctuations  to  special  generators  running  on  separate 
busbars,  which  might  perhaps  be  interlinked  with 
reactances  on  the  main  busbars.  That  seems  to  me 
a  possible  scope  for  improvement.  I  hope  some 
day  to  describe  the  experiment  which  1  have  made  of 
passing  currents  of  difierent  frequencies  over  the  same 
system.  There  is  a  question  in  that  connection  which 
I  should  like  to  ask.  Perhaps  the  author  can  state 
whether  most  furnaces  are  equally  suitable  for  working 
at    lower    frequencies,    or    whether    they    must    all    be 


worked  at  50  periods  in  order  to  get  the  best  results. 
Many  towns  have  only  a  23-period  supply,  and  it  would 
be  interesting  to  know  whether  furnaces  can  be  equally 
well  worked  at  25  periods  as  at  50.  If  they  cannot, 
perhaps  what  I  have  been  mentioning  might  be  a  way 
out  of  the  difficulty.  The  author  alludes  to  the  Scott- 
connected  transformers  in  words  that  makes  me  think 
he  does  not  quite  like  this  connection. 

Mr.  S.  E.  Fedden  :  The  high-tension  tappings  which 
the  author  brings  out  from  these  furnace  transformers 
have  in  Sheffield  always  been  a  cause  of  failure,  more 
especially  on  the  Scott-connected  transformers,  and  if 
such  tappings  are  essential  1  think  each  one  of  them 
ought  to  come  to  a  separate  terminal,  because  in  almost 
every  instance  they  have  broken  down  and  flashed  over. 
On  page  206  the  author  mentions  a  furnace  of  15  to 
30  tons'  capacity  supplied  from  a  8,000-k.v.a.  trans- 
former. This  furnace  will  have  to  be  of  an  oblong  or 
oval  shape  with  long  sides,  instead  of  a  round  furnace. 
From  my  experience  in  Sheffield  I  should  very  much 
prefer  to  feed  it  with  four  sets  of  2,000-k.v.a.  trans- 
formers— if  possible  having  a  set  of  transformers  to 
each  pair  of  electrodes — than  to  put  all  the  transformers 
into  one  group,  say  of  8,000  k.v.a.,  because  if  the 
transformer  sets  can  be  divided  up  and  placed  as  close 
as  possible  to  the  electrodes  the  self-induction  of  the 
leads  will  be  reduced,  a  very  much  better  power  factor 
will  result,  the  losses  will  be  reduced,  and  the  lay-out 
will  be  much  cheaper,  although  the  transformers  may 
be  slightly  dearer.  The  author  mentions  the  necessity 
of  care  in  the  lay-out.  In  the  early  days  in  Shefiield 
when  we  put  in  either  our  first  or  second  furnace,  after 
it  was  connected  up  and  the  motor-generator  was  running 
and  giving  full  power,  we  found  we  had  practically  no 
power  on  the  electrodes  at  all,  although  the  ammeter 
showed  full  load.  Then  somebody  happened  to  lean 
against  a  stanchion  near  the  leads  and  found  that  it 
was  very  hot.  All  the  power  was  going  into  this  steel 
stanchion  instead  of  into  the  electrodes.  That  only 
confirms  what  the  author  says  about  having  to  be 
careful  of  the  lay-out.  On  page  207  the  author  speaks 
about  the  intricate  connections  with  double  Scott- 
connected  transformers.  I  think  that  Scott-connected 
transformers  are  really  unnatural.  We  have  to  use 
Scott-connected  transformers,  but  I  cannot  say  that 
I  am  nearly  as  satisfied  with  them  as  with  an  ordinary 
three-phase  set  or  single-phase  sets.  On  page  210  the 
author  suggests  the  use  of  boosters,  which  I  think  is 
a  very  much  better  arrangement  than  to  bring  out 
tappings.  With  regard  to  the  stresses,  on  shoit- 
circuiting  a  furnace  with  no  reactance,  we  had  a  case 
of  a  furnace  not  far  from  the  power  station  where  the 
electrodes  were  lowered  before  the  main  switch  was 
closed,  so  that  there  was  a  dead  short-circuit.  The 
total  load  on  the  station  was  about  59,000  kw.  at  the 
time.  The  result  was  that  the  man  in  charge  of  the 
furnace  was  blown  through  the  door,  the  main  switch 
burst,  and  the  service  mains  were  volatilized.  This 
shows  what  stresses  there  are  to  contend  wth  on 
furnace  transformers.  With  regard  to  regulation,  if 
there  are  a  large  number  of  machines  running  one  does 
not  mind  the  variations  very  much.  We  have  had, 
during  the  war,  variations  of  6,000  kw.  off  and  on  many 
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times  a  minute.  When  only  one  machine  is  runnmg 
it  is  absolutely  necessary  to  use  a  regulator,  but  with 
three  or  four  machines  running  I  find  that  I  can  remove 
the  regulator  altogether  and  the  machines  will  look 
after  the  load  exceedingly  well,  so  that  one  will  only 
see  a  flicker  in  the  lights  even  with  these  tremendous 
variations  in  load.  At  the  bottom  of  page  210  the 
author  says  :  "  If  the  external  reactance  be  inserted 
in  the  line  leads  of  the  high-pressure  side,  it  will  also 
protect  the  transformer  from  voltage  surges."  We 
have  found  in  practice  that  the  reactance  we  installed 
— which  is  merely  a  lot  of  stampings  round  the  low- 
pressure  leads  with  an  air-gap — is  quite  effective. 

Mr.  R.  G.  Mercer  :  It  seems  to  me  that  the  author 
has  based  his  conclusions  regarding  recent  transformers 
from  those  which  were  supplied  to  electric  furnaces  some 
time  ago,  and  from  the  experience  of  troubles  on  those 
furnace  transformers.  In  my  opinion  those  troubles 
were  due  to  various  causes.  They  were  partly  due  in 
the  earh'  days  of  transformer  design  to  the  makers  them- 
selves not  being  sufliciently  acquainted  with  the  heavy 
surges  from  electric  furnaces,  especially  during  the 
melting-down  stage  ;  and  they  were  partly  due  to  the 
makers  of  the  furnaces  in  very  many  cases  installing 
transformers  of  too  small  a  k.v.a.  capacity.  In  two  or 
three  cases  to  my  knowledge  transformers  of  too  small 
a  k.v.a.  capacity  were  installed  mainly  on  the  guarantees 
given  by  the  transformer  makers  with  regard  to  the 
heavy  overload  capacities  which  they  stated  could  be 
obtained  with  their  transformers — 20  per  cent  for  24 
hours,  or  something  like  that.  Thus  the  furnace  maker 
would  take,  say,  a  600-k.v.a.  transformer  for  a  3-ton 
furnace,  add  20  per  cent,  and  call  it  720  k.v.a.,  without 
regard  to  temperature  rise.  In  those  days  it  was  never 
brought  home  sufficiently  that  there  was  a  third  con- 
tributory element  to  the  failure  of  these  transformers, 
namely,  the  users  of  the  furnaces  and  the  melters  of 
steel  themselves.  The  author  may  possibly  be  aware 
of  several  cases  where  transformers  broke  down  due 
entirely  to  negligence  on  the  user's  part.  For  instance, 
there  was  stripping  of  the  raising  and  lowering  gear, 
with  the  result  that  the  electrodes  came  right  down  to 
the  hearth,  and  in  the  case  of  a  furnace  with  a  bottom 
connection  there  would  be  a  dead  short-circuit,  the 
resistance  of  the  hot  hearth  bottom  being  negligible. 
The  transformer  maker  in  many  cases  was  called  upon 
by  t  iie  user  to  put  the  transformer  right,  and  was  severely 
censured  for  supplying  a  transformer  which  would  not 
stand  up  to  furnace  conditions.  Those  troubles  are 
yesterday's  troubles,  and  to-day  there  are  new  conditions, 
and  I  here  wish  briefly  to  draw  the  author's  attention 
to  the  fact  that  I  do  not  think  he  mentions  in  his  paper 
some  of  the  conditions  whereby  the  transformers  of 
to-day  can  safely  be  assumed  to  be  more  reliable  than 
those  of  yesterday.  There  are  first  of  all  transformers 
of  a  higher  k.v.a.  capacity  ;  for  instance  800  k.v.a. 
would  now  be  installed  instead  of,  say,  650  k.v.a.  for 
a  3-ton  furnace.  There  are  automatic  voltage  and 
current  legulators  which  will  take  care  of  the  scrap  from 
the  cold  to  the  molten  stage.  In  the  works  with  which 
I  am  now  associated  we  have  one  of  the  biggest  electric 
furnaces  in  the  country,  a  15-ton  furnace,  which  has 
.  behind    it    3,000   k.v.a.     A    year   ago    a   similar   sized 


furnace  had  1,500  k.v.a.  behind  it,  and  the  transformers 
broke  down  in  course  of  time.  To-day  that  same 
furnace  has  now  3,000  k.v.a.  behind  it,  and  it  has  a 
maximum  of  somewhere  about  2,800  k.v.a.  to  stand  up 
to.  It  has  no  very  heavy  surges,  because  it  is  fitted 
with  automatic  voltage  and  current  regulators,  which 
take  care  of  it  from  the  breaking  down  stages  (which 
are  the  most  severe,  where  one  gets  all  the  surging) 
to  the  molten  bath.  In  the  furnaces  of  anything 
above  4  or  5  tons'  capacity  I  think  one  will  find  that 
automatic  voltage  and  current  regulators  will  in  future 
be  employed.  With  furnaces  of  about  3J  tons'  size 
the  general  practice  is  to  have  hand  electric  control, 
and  in  small  half-ton  furnaces  direct  hand  control,  and 
it  may  not  be  worth  while  to  go  to  the  expense  of  instal- 
ling automatic  regulators  for  those  small  furnaces. 
Another  cause  of  the  trouble  in  electric  furnaces,  trans- 
formers, and  general  lay-out,  is  the  habit  that  users- 
have  where  the  furnace  is  designed  to  take,  saj',  4,00© 
amperes  per  phase,  to  run  it  at,  say,  6,000  amperes  per 
phase.  This  consequently  increases  the  current  density 
not  only  of  the  low-tension  conductors  but  also  of  the 
electrodes,  and  here  I  may  mention  that  it  was  the 
practice  in  a  very  large  number  of  cases  to  install 
low-tension  conductors  with  a  current  density  of  1,500- 
amperes  per  square  inch,  whereas  to-day's  practice  would 
bring  this  down  to  from  700  to  900  amperes  per  square 
inch.  Amorphous  carbon  electrodes  were  run  at  as- 
high  as  40  to  50  amperes  per  square  inch  instead  of 
present-day  practice,  namely,  25  amperes  per  square 
inch.  Graphite  electrodes  were  run  at  150  amperes 
instead  of  100  amperes  per  square  inch.  If  we  add  to 
these  high  current  densities  the  increased  input  as 
stated  above,  it  can  readily  be  imagined  that  not  only 
do  the  electrodes  heat  up  considerably,  but  also  the 
low-tension  conductors.  This  has  in  one  special  case 
in  my  mind  resulted  in  a  heat  drain  back  to  the  trans- 
former which  was  already  overloaded  and  overheated. 
There  have  also  been  cases  where  the  switchgear  has 
refused  to  trip,  due  to  accumulation  of  grit  and  general 
neglect,  and  the  transformer  was  consequently  called 
upon  to  take  excessive  overloads.  The  author  talks 
about  increasing  the  low-tension  voltage,  but  I  think 
there  is  a  limit  to  this,  because  by  increasing  the  voltage 
on  the  low-tension  side  we  pull  a  longer  arc,  with  the 
result  that  instead  of  mufHing  the  arc  in  the  slag  it  is 
more  exposed  and  the  refractories  would  suffer  in 
consequence.  There  is  furthermore,  in  my  opinion,  a 
limit  to  the  rate  at  which  steel  should  be  melted.  There 
is  no  doubt  to  my  mind  that  a  higher  low-tension 
voltage  than  that  at  present  employed  could  be  used 
if  we  could  obtain  a  carbonaceous  atmosphere  under 
the  furnace  roof,  thereby  protecting  it.  This  brings 
one  to  the  question  of  having  a  satisfactory  seal,  or 
what  is  known  as  an  electrode  economizer,  to  stop  gases 
coming  out  through  the  electrode  entrance  in  the  roof. 
This  is  very  difficult  to  obtain  with  the  "  gallows  arm  " 
type  of  furnace,  but  too  much  importance  cannot  be 
attached  to  it.  This  question  was  very  fully  dealt 
with  in  a  paper  read  before  the  Institution  last  spring,* 
and  one  can  readily  conclude  that  with  a  satisfactory 
economizer  the  user  not  only  obtains  his  steel  at  a  lower 

♦  R.  G.  Mercer  :  "  Electric  Furnaces  in  the  United  Kingdom,  1918.** 
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current  consumption,  but  gets  a  greater  oiitput  in  view 
of  the  shorter  heat  period. 

Professor  S.  P.  Smith  :  I  should  like  to  ask  the 
author  one  or  two  questions  in  regard  to  the  reactance 
to  which  he  repeatedly  refers.  \Vhy  is  the  internal 
reactance  in  the  transformer  required  ?  Is  it  in  order 
to  safeguard  the  transformer  ?  It  would  appear  from 
the  paper  to  be  necessary  to  have  a  certain  mini- 
mum reactance  depending,  I  take  it,  upon  the  type  of 
the  load.  With  regard  to  the  total  reactance  of  the 
secondary  circuit,  we  are  told  that  32  per  cent  in  the 
leads  repre.sents  perhaps  about  as  good  conditions  as 
we  can  get.  In  addition  we  have  7  per  cent  in  the 
transformer,  making  altogether  39  per  cent.  Of  course 
that  7  per  cent  is  not  very  important  in  the  total,  and 
I  should  be  glad  if  the  author  would  give  a  little  more 
information  regarding  the  necessity  of  this  internal 
reactance.  There  are  many  reasons  why  one  can  prefer 
the  core  type  to  the  shell  type,  though  the  usual  reasons 
have  been  already  given.  Thus  the  teacher  prefers 
the  core  type  to  the  shell  type  because  it  is  very  much 
easier  to  demonstrate  its  construction  to  the  students  ; 
while  the  designer  finds  it  very  much  easier  to  design 
the  core  type  than  the  shell  type.  When  the  author 
showed  me  how  to  design  transformers,  I  well  remember 
that  in  the  case  of  a  shell-type  transformer  it  was  rather 
a  difficult  matter  to  fit  in  the  coils  and  the  insulation. 
I  should  also  like  to  ask  the  author  if  it  would  be 
pos-^ible  to  design  a  core  type  transformer  for  furnace 
work  having  only  one  or  two  turns.  Further,  if  one 
could  use  the  core  type,  could  the  coils  be  made  concen- 
tric, and  the  reactance  obtained  in  the  same  way  as 
in  the  case  of  a  high-reactance  transformer  for  a  rotary 
converter  ?  Lastly,  I  should  like  to  ask  whether  with 
a  booster,  which  seems  to  be  the  ideal  arrangement, 
the  author  would  make  the  transformer  highly  reactive, 
or  would  he  use  a  transformer  with  normal  reactance 
and  obtain  any  further  reactance  required  either  in 
the  booster  or  in  the  leads  ? 

Mr.  J.  R.  Cowie  :  I  want  briefly  to  refer  to  the  core- 
type  transformer.  It  has  been  mentioned  by  two 
speakers.  The  onU'  advantage  I  can  see  in  it  is  the 
ease  of  repairs,  as  mentioned  by  Mr.  Sayers.  I  think 
the  author  would  make  his  point  clear,  and  help  young 
members,  if  be  would  give  us  the  stress  figures  for  the 
core-type  transformer  of  a  similar  size  to  the  figures 
given  on  page  211.  I  have  taken  those  figures  on 
psgc  211  as  being  for  a  shell-tj'pe  transformer.  If  he 
would  also  give  us  the  efificiencies  for  the  core-type 
transformer  and  the  she'1-type  transformer  he  would 
make  his  point  clear.  I  e.xpect  to  find  the  core-typo 
transformer  fail  badly  in  efficiency.  That  is  indicated 
by  the  author.  On  page  206  attention  is  drawn  to 
the  leads."  I  have  seen  a  big  power  transformer  sent 
out  from  the  manufacturer's  works  where  the  leads 
crossed  all  right.  Not  only  did  they  cross,  but  they 
touched — an  absolutely  dangerous  job — and  I  am  glad 
the  author  has  drawn  attention  to  that  point.  With 
regard  to  limitation  of  furnace  size,  I  think  we  have  got 
to  face  the  big  transformer.  I  have  had  one  or  two 
propositions  put  up  to  me  for  fairly  large  transformers 
surrounded  with  smaller  transformers  to  do  the  refining 
work,  and  that  raises  an   awkward  question  from  the 
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supply  authority's  point  of  view,  namely,  to  get  the 
power  to  the  job.  I  had  some  figures  taken  out  of  the 
cost  of  an  11,000-volt  cable,  and  it  works  out  at  £i  12s. 
per  yard.  If  we  take  a  22,000-volt  cable  that  works  out 
at  £^  per  yard,  including  all  street  reinstatement.  The 
power  ratios  of  the  two  cables  are  from  i  for  the  low- 
voltage  to  between  i  •  75  and  2  at  the  higher  voltage  ; 
and  look  at  the  difference  of  capital  cost  in  the  cable. 
This  means,  if  the  smelting  people  wish  for  the  lowest 
possible  price,  that  the  best  possible  conditions  (that  is, 
the  least  capital  expenditure)  from  all  parties'  points  of 
view,  must  bo  obtained  for  each  individual  case.  The 
cost  of  switchgear  ranges  from  i  to  2 J  if  a  light  22,000- 
volt  gear  is  used,  and  from  i  to  4  if  a  very  heavy  high- 
tension  switchgear  is  used.  The  switchgear  cost  is 
generally  a  very  small  proportion  of  the  total.  On 
page  210,  regulators  are  mentioned.  Like  previous 
speakers,  I  do  not  like  any  more  than  the  author  does 
tappings  coming  out  from  the  transformer,  and  modem 
progress  is  certain  to  go  along  the  lines  of  regulators. 
There  is  a  regulator  which  has  not  been  mentioned, 
which  is  in  operation  now  and  which  gives  ranges  of 
95  to  190  volts,  and  on  another  tapping  of  25  to  95 
volts.  That  is  a  high-tension  regulator.  The  same 
regulator  can  be  designed  to  give  20  per  cent  regulation 
with  not  more  than  600  volts  on  the  regulator.  When 
I  turn  to  the  curves  on  page  212,  I  notice  how  the  weight 
drops  as  the  size  increases,  and  I  notice  that  the  price 
curve  does  not  fall  at  the  same  rate.  That  is  under- 
standable. It  seems  to  me  to  come  flat  owing  to  the 
greater  difficulty  of  making  a  mechanical  job  of  the 
big  transformer.  The  figures  given  on  page  213,  I 
think,  include  the  capital  cost  of  the  water-cooling 
outfit  or  the  oil-cooling  outfit,  but  that  point  is  not  clear. 
Another  point  the  author  has  mentioned  is  the  question 
of  using  I J  turns.  I  have  been  told  lately  that  a  trans- 
former with  an  odd  number  of  turns  has  been  on  the 
market  for  a  number  of  years. 

Mr.  G.  E.  Taylor  :  There  seems  to  be  great  doubt 
about  the  tappings  on  the  transformers,  \^'e  have 
something  like  50,000  k.v.a.  in  steel  furnaces  in  this 
country,  and  about  100,000  k.v.a.  altogether  in  other 
furnaces.  We  always  use  two  or  three  tappings.  We 
have  had  one  or  two  burnt  out,  of  course,  but  we  have 
never  had  in  any  one  instance  the  tappings  go  in  any 
shape  or  form.  The  fault  has  never  been  at  the  tapping 
point  on  the  transformer.  As  regards  the  reactance 
in  the  transformers,  undoubtedly  a  certain  amount  of 
reactance  is  required  in  transformers  for  steel  furnace 
work,  and  in  a  large  furnace  of  about  6  or  7 
tons  one  will  get  something  like  30  per  cent  reactance 
in  the  leads.  It  does  not  matter  how  it  is  designed, 
one  cannot  get  much  less  than  30  per  cent  reactance 
with  a  line  voltage  of  90.  The  author  also  mentions 
the  use  of  a  much  thicker  lead  on  the  transfonner 
where  it  comes  out  of  the  oil  to  the  low-tension 
terminals.  There  is  no  doubt  this  is  required,  as  the 
old  transformers  warmed  up  at  this  point.  In  the 
first  furnace  transformer  that  we  had,  the  reactance  in 
the  transformers  was  pro\dded  by  iron  shunts.  That 
reactance  is  of  little  use  in  the  furnace.  One  must 
have  a  reactance  that  obeys  a  linear  law.  About  the 
same  percentage   reactance  is  used    in  furnaces   now- 
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adays,  but  the  short-circuit  current  does  not  rise  to  the 
same  amount  as  it  did  in  the  old  transformers.  On  the 
Teeside  we  have  a  furnace  the  power  factor  of  which 
over  a  period  of  six  months  averaged  o-g  to  0-92.  The 
author  mentions  a  power  factor  of  about  o-8  on  melt- 
ing. I  have  talven  several  power  factors,  and  it 
certainly  comes  down  to  about  o-8  momentarily,  but 
it  is  so  unsteady  that  one  cannot  read  the  meter 
very  well.  If  0-9  to  0-92  be  taken  over  a  period 
of  six  months,  considering  that  the  melting  period  is 
much  longer  than  the  refining,  one  cannot  see  how 
0-8  is  an  average  over  the  melting  periods. 

Mr.  H.  W.  Clothier  :  The  author  in  his  ideal 
transformer  puts  "  Safety  "  as  one  of  the  headings, 
and  has  referred  to  the  dangers  due  to  failure  of 
insulation  on  the  transformer  terminals.  It  seems 
to  me  that  in  all  designs  of  this  kind  we  should  set 
out  with  the  fundamental  idea  of  enclosing  all  the 
high-tension  conductors,  and  1  suggest  that  this 
should  receive  more  attention  from  transformer 
designers. 

Mr.  H.  S.  Holbrook  {coinniiinicatcd)  :  All  transformer 
builders  will,  I  am  sure,  agree  with  the  author  that  the 
ideal  transformer  is  one  of  moderate  reactance  with 
only  one  voltage  ratio.  Perhaps  more  transformer 
tioubles,  both  in  the  design  office  and  on  site,  have  been 
traced  to  the  tappings  than  to  anything  else,  and  it  is 
usually  a  much  better  engineering  proposition  to  use 
auxiliary  apparatus  for  voltage  variation,  although  the 
first  cost  may  be  greater.  Again,  reactance  for  current- 
limiting  purposes  is  best  obtained  by  apparatus  speci- 
fically designed  for  that  purpose,  such  as  that  shown  in 
Fig.  26  on  page  289  in  Mr.  Wedmore's  paper  in  volume 
56  of  the  Journal.  The  author  has  given  some  figures 
indicating  the  floor  space  necessary  in  transformer 
substations,  but  what  size  of  ventilating  apertures,  in 
the  walls  or  in  the  floor  and  ceiling,  would  he  recommend 
for  a  substation  containing,  say,  one  1,250-k.v.a.  trans- 
former like  Fig.  i  or  Fig.  2.  assuming  that  the  inlet 
air  duct  did  not  exceed  5  feet  in  length  and  the  outlet 
duct  say  10  feet,  with  the  inlet  air  at  the  ambient 
temperature  of  40°  C,  ?  When  a  furnace  is  installed 
in  an  existing  building,  the  transformer  is  sometimes 
almost  totally  enclosed.  It  is  certainly  not  well- 
ventilated.  What  is  the  efficiency  of  the  transformers 
shown  in  Fig.  i  and  Fig.  2  ?  The  author  recommends 
interleaved  low-tension  leads  for  currents  higher  than 
5,000  amperes.  I  should  like  to  ask  what  cross-section 
(size  and  shape)  at  50  periods  he  recommends  for  this 
current.  Would  it  not  frequently  pay  to  interleave 
conductors  carrying  smaller  currents  than  this,  in  view 
of  the  greater  current  density  then  permissible  and  the 
greater  surface  exposed  for  cooling  ?  After  reading 
the  author's  comparison  of  core  and  shell-type  trans- 
formers, one  gets  the  impression  that  he  favours  the 
shell  type.  It  was  the  same  in  the  recent  paper  he 
presented  in  conjunction  with  Mr.  A.  G.  Ellis.*  The 
discussion  on  that  paper  revealed  the  contradictory 
views  held  on  this  question,  and  the  only  conclusion 
appears  to  be  that  given  by  the  author  himself  in  the 
previous  paper  :  "...  the  types  recommended  by 
individual     manufacturers     depend     largely     on     their 

•  "  Large  Power  Transformers,"  Journal  I.B.E.,  1919,  vol.  57,  p.  547. 


experience  and  manufacturing  facilities."  The  author 
states  that  the  stray  loss  in  the  core-type  transformer 
is  much  greater  than  that  in  the  shell  type.  Can  he 
give  us  the  percentage  values  of  this  loss  for  the  trans- 
formers in  Fig.  I  and  Fig.  2  ?  If  we  consider  the 
question  often  confused  with  this  one,  viz.  the  relative 
merits  of  circular  and  rectangular  coils,  then  only  one 
conclusion  is  possible,  and  it  is  rather  surprising  that 
the  author  did  not  mention  it  when  considering  "  mechan- 
ical stresses."  Circular  coils  are  best.  The  accompany- 
ing diagram  (Fig.  A)  will,  I  think,  show  this  better  than 
a  description. 


Circ\ilar  coilfe  are  liest 


Fig.  a. — Circular   and    rectangular    coils    carrying    large 
currents. 

Note. — All  coils  carrying  current  tend  to  take  the 
form  which  will  include  the  maximum  flux.  The 
resulting  mechanical  forces  are  perpendicular  to  the 
conductors.  In  circular  coils  the  forces  are  radial  and 
there  is  no  tendency  to  distortion.  In  rectangular 
coils  the  forces  tend  to  bend  the  conductors  and  cause 
the  coils  to  change  their  si  apj  as  indicated  by  the 
dotted  lines.  Rectangular  coils  are  inherently  weaker 
to  withstand  this  stress,  as,  due  to  the  varying  distance 
during  winding  from  the  former  spindle  to  the  con- 
ductor, it  is  practically  impossible  to  obtain  a  uniform 
pressure  across  the  coil,  as  shown  on  any  rectangular 
coil  by  its  varying  width. 

Mr.  H.  H.  Ashdown  (communicated)  :  It  may  be  of 
interest  to  mention  that  Messrs.  Sir  W  G.  Armstrong, 
Whitworth  &  Co.  have  had  in  operation  for  some  time 
past  at  their  Openshaw  works  a  12-ton  Stobie  electric 
furnace.  The  author  shows  on  page  206  a  very  opti- 
mistic spirit  in  looking  forward  to  electric  furnaces  of 
30  to  ^o  tons'  capacitv- ;  I  fear  that  as  regaids  this 
country  they  are  in  the  distant  future,  unless  a  very 
cheap  source  of  power  becomes  available.  The  author's 
suggestion  on  page  207  of  putting  down  a  trial  furnace 
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of  large  capacity  for  elucidating  practical  difficulties 
is  excellent,  but  the  main  difficulty  is  to  find  financial 
people  who  are  prepared  to  take  the  risks  of  failure. 
If,  as  the  author  points  out,  furnaces  of  this  type  do 
develop  it  will  be  necessary,  owing  to  the  large  number 
of  electrodes  required,  to  devise  means  for  supporting 
the  greatly  weakened  roof. 

Mr.  V.  Stobie  [communicated)  :  This  paper  deals 
with  a  section  of  electric  furnace  plant  which  has  hitherto 
not  received  very  considerable  study  by  many  of  those 
engaged  in  designing,  installing  and  working  electric 
furnaces  ;  and  it  is  to  be  hoped  that  other  transformer 
experts  will  offer  their  experience  to  help  the  electric 
steel  industry  to  attain  still  more  quickly  the  high 
efficiency  which  alone  will  breach  the  now  small  gap 
between  the  cost  of  electric  steel  manufacture  and  other 
steel  melting  processes.  Fig.  2,  showing  a  1,250-k.v.a. 
shell-type  transformer,  does  not  carry  out  the  author's 
statement  that  only  the  high-pressure  leads  required 
should  be  brought  out  of  the  case.  I  support  his 
statement  and  disagree  with  his  drawing.  I  have  seen 
cases  where  the  high-tension  current  has  leaped  across 
outside  terminals  such  as  those  shown  in  Fig.  2,  even 
when  the  terminals  have  been  6  or  8  inches  apart. 
This  has  not  only  taken  place  when  a  high-tension 
winding  has  failed  under  load,  but  even  when  there  has 
been  no  defect  in  the  transformer.  I  have  obser\'ed  this 
only  on  overloaded  transformers,  and  think  the  reason 
maybe  that  an  atmosphere  of  hot  oil  vapour  rising  from 
the  tank  has  been  sufficiently  conductive  to  enable  the 
voltage  (possibly  locally  augmented  at  the  moment) 
to  bridge  the  terminals.  The  subject  of  the  interlea^^ng 
of  the  low- tension  conductors  from  the  transformers 
to  the  furnace  is  one  on  which  opinions  differ  consider- 
ably. It  is  true  that  interleaving  will  keep  down 
inductance  and  (according  to  the  scheme  of  connections) 
sometimes  the  skin  effect  in  the  multiple  conductor  ; 
but  the  extra  cost  of  labour  and  material  necessary 
for  interleaving  the  heavy  conductors,  plus  the  greatly 
augmented  number  of  contact  joi.its  this  entails  in  the 
leads,  make  the  gain  too  remote.  As  the  author  has 
stated  in  another  part  of  the  paper,  it  is  necessary  to 
have  reactance  in  an  electric  furnace  installation,  and 
undoubtedly  the  best  place  to  get  it  is  in  those  parts 
of  the  installation  where  cost  varies  inversely  with 
reactance.  The  following  data  on  two  Stobie  furnaces 
each  of  about  15  tons'  capacity  may  be  of  interest  in 
legard  to  reactance  : — 


Normal  current  per  electrode    .  . 
Average  length  of  phase  circuit 
Reactance  in  transformers 
Power  factor  when  melting 
,,         " ,,  melted 


7,500  amperes 

100  ft. 

15  per  cent 

0-84 

0-93 


There  is  no  interleavdng  whatever  in  the  circuits,  yet 
with  15  per  cent  transformer  reactance  the  above 
excellent  power  factors  are  obtained.  I  have  recently 
heard  of  an  arc -resistance  furnace  installation  which, 
although  its  multiple  conductors  are  interleaved,  gives 
a  power  factor  below  0-5.  The  crux  of  the  m.atter  is 
in  the  juxtaposition  of  the  whole  of  the  installation 
rather  than  the  run  of  the  separate  conductors.  ISIany 
good  points  are  advocated  in  the  section  of  the  paper 


dealing  with  the  ideal  transformer.  I  have  already  in 
operation  at  my  own  steelworks  the  conibination  of  a 
regulating  transformer  with  a  main  transformer  which 
the  author  suggests  as  part  of  the  ideal  scheme  for 
avoiding  tappings  on  the  high-tension  side  of  transformers. 
It  has  the  disadvantage  of  providing  a  second  possible 
source  of  breakdown.  If  the  regulating  transformer 
broke  down  it  could,  as  the  author  points  out,  be  cut 
out  ;  but  as  only  the  highest  low-tension  voltage  would 
then  be  available  for  working  the  furnace,  the  latter 
would  be  unmanageable  unless  it  were  engaged  solely 
on  steel  for  castings,  which  steel  alone  would  admit 
of  such  a  high  voltage  for  finishing.  Other  disadvan- 
tages are  the  extra  cost  of  apparatus  and  the  constant 
losses  in  the  auxiliary  transformer.  I  have  no  experience 
of  the  booster  arrangement  mentioned  in  the  paper. 
If  the  auxiliary  booster  windings  broke  down,  the  whole 
transformer  would  be  shut  down  unless  it  were  decided 
never  again  to  use  the  boostering  portion  of  the  plant. 
M3'  preference  will  always  be  for  an  efficiently  safeguarded 
arrangement  of  tappings  on  the  high-tension  side  of 
furnace  transformers,  unless  some  totally  new  m.ethod 
of  altering  the  low-tension  voltage  is  devised  which  does 
not  increase  the  possible  sources  of  breakdowns.  The 
data  given  on  page  211  relating  to  the  axial  mechanical 
stresses  on  the  coils  due  to  overloads  are  very  interesting. 
It  is  conceivable  that,  as  the  author  points  out,  these 
stresses  have  been  overrated  hitherto.  Again  speaking 
of  my  own  experience,  I  consider  radial  stresses  in  a 
transformer  to  be  more  important  from  a  designing 
point  of  view  than  axial  stresses.  The  windings  abut 
axially  on  very  stiff  insulating  supports  ;  but  radially 
there  is  no  serious  mechanical  backing  offered  the  coils. 
The  result  is  that  one  has  to  rely  almost  solely  on  the 
tensile  strength  of  the  copper  wire  resisting  rupture  by 
the  radial  stresses.  This  it  by  no  means  always  succeeds 
in  doing  and,  unfortunately,  one  cannot  rely  on  axial 
pressure  on  the  windings  helping  to  resist,  by  friction, 
the  radial  stresses.  If  the  author  could  devise,  with 
certainty,  a  means  of  rididly  supporting  the  coils  against 
radial  stresses,  he  would  doubtless  solve  three-quarters 
of  the  high-tension  troubles  in  furnace  transformers. 
His  considerable  experience  in  designing  furnace  trans- 
formers makes  me  very  hopeful  of  his  being  ultimately 
successful.  On  the  subject  of  future  requirements  the 
author  makes  several  interesting  remarks.  Furnaces 
of  30  and  40  tons'  capacity  will  doubtless  be  much 
used  in  the  future.  A  30-ton  Stobie  furnace  was  decided 
upon  for  one  British  steelworks  in  1918,  but  the  Armistice 
cancelled  the  necessity  at  the  time.  The  process  decided 
upon  was  to  melt  scrap  continuously  in  the  30-ton 
furnace  and  run  12  to  15  tons  of  the  oxidized  and 
dephosphorized  bath  into  a  second  electric  fumaee  for 
finishing.  This  process,  the  details  of  which  are 
patented,  affects  the  transformer  installation  in  several 
ways.  The  short-circuits  are  reduced  to  less  than 
one-tenth  the  frequency  and  half  the  magnitude  of 
those  experienced  in  the  ordinary  electric  steel  process. 
The  transformers  have  a  load  factor  of  upwards  of  95 
per  cent  as  against  the  usual  70  per  cent.  The  power 
factor  of  the  installation  averages  o-g  as  all  aics  are 
either  steady  or  nearly  so,  and  the  lay-out  follows  my 
normal  practice.     The  foregoing  would  tend  either  to 
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cheapen  the  transforming  plant  or  to  provide  a  safer 
Unlit  of  working  for  the  transformers.  Of  the  alter- 
natives given  on  page  206  for  delivering  greater  energy 
for  larger  furnaces,  No.  (2)  is  incorporated  in  Figs.  2 
and  3  in  my  paper  on  "  Large  Electric  Steel  Furnaces  " 
read  at  the  Joint  Meeting  of  the  Institution  and  the 
Iron  and  Steel  Institute  last  May.  By  putting  two 
electrodes  in  series  on  each  phase,  the  voltage  per  phase 
can  be  nearly  doubled.  Instead  of  having  four-,  six- 
and  eight-phase  transformers  in  large  furnaces,  I  would 
prefer  two  two-phase,  two  three-phase  and  four  two- 
phase  with  two  electrodes  in  series  on  each  phase. 
Such  arrangements  simplify  and  facilitate  the  con- 
nections and  offer  every  possibility  that  the  other 
methods  do. 

Mr.  J.  L.  Thompson  {in  reply)  :  The  remarks  of 
Mr.  Sayers  upon  the  abnormal  requirements  of  trans- 
formers for  furnace  work  coincide  with  the  author's 
statements  in  the  paper,  and  clearly  show  the  difficulties 
with  which  the  designer  is  confronted  when  designing 
this  type  of  apparatus.     The  lack  of  information  with 
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Fig.  B. — Diagram  of  ijturn  winding. 


transformer  engineer  before  satisfactory  operation  could 
be  obtained.  The  author  has  experienced  several  cases 
of  original  lay-outs  designed  by  furnace  makers  or  con- 
sulting engineers,  which  gave  operating  power  factors 
of  0-5  or  0-6,  and  which  when  redesigned  gave  satis- 
factory operation  at  power  factors  of  0-85  and  o-g. 
Mr.  Sayers  suggests  that  regulating  tappings  should  be 
at  the  neutral  point.  This  is,  of  course,  possible  on  a 
three-phase  furnace  star-connected,  but  if  so  placed 
voltage  surges  may  pile  up  at  the  dead  end  of  the  winding, 
or  the  voltage  across  the  winding  may  become  high 
when  working  on  the  highest  low-tension  pressure. 
IX  the  tappings  were  in  separate  sections  that  possibility 
would  be  overcome.  All  furnace  transformers  are  not 
star-connected,  some  being  delta  and  others  Scott- 
connected,  and  in  these  the  neutral  point  is  not  avail- 
able ;  hence  the  best  position  for  tappings  is  in  the 
middle  of  the  winding.  Mr  Sayers's  suggestion  of  flux 
paths  in  parallel  for  overcoming  the  half-turn  prob- 
lem is  exactly  the  method  used  in  the  author's  Patent 


Fig.  C. — Diagram  of  i  J  turn  winding. 


regard  to  operating  conditions  in  the  past,  and  the 
abnormal  specifications  of  furnace  makers,  have  retarded 
development  considerably  and,  at  the  same  time,  have 
thrown  an  unjustifiable  burden  on  the  manufacturer  of 
furnace  transformers.  Voltage  regulation  is  an  essential, 
and  although  the  use  of  tappings  is  the  method  commonly 
adopted  it  is  far  from  perfect.  No  doubt  the  question 
of  cost  has  given  this  method  a  longer  life  than  it  would 
have  had,  had  reliability  and  safety  been  fully  con- 
sidered. The  author  disagrees  that  short-circuits  in 
a  furnace  are  worse  than  a  main  fault  on  a  low-tension 
distribution  system,  unless  that  fault  be  a  long  way 
from  the  source  of  power.  The  author  has  tried  to 
prove  this  on  page  211  under  the  heading  "  Mechanical 
Stresses."  The  author  agrees  with  Mr.  Sayers  that  the 
lay-out  should  be  treated  as  part  of  the  transformer 
designer's  problem,  but  due  to  the  conservatism  or 
fear  of  appropriation  of  so-called  patent  lay-outs  and 
connections,  the  transformer  engineer  has  not  yet  been 
allowed  this  privilege.  Many  cases  have  occurred, 
chiefly  with  larger  types  of  furnaces,  where  the  original 
lay-out   had   to   be   modified   in   consultation   with  the 


No.  131,026;  for  in  a  shell-type  transformer  there  are 
two  flux  paths  in  parallel,  each  enveloped  by  three 
turns  for  a  li  turn  winding,  as  shown  in  Fig.  B.  The 
author  considered  an  extension  of  this  method  to  4,  6 
or  8  flux  paths  in  parallel  (Fig.  C)  and,  although  it  was 
quite  coiTect  and  feasible  on  paper,  manufacturing  and 
practical  difficulties  ruled  it  out  as  a  commercial  propo- 
sition. Mr.  Sayers  will  note  that  the  claim  made  in  the 
paper  for  this  method  was  that  of  more  economical 
proportions  of  active  material.  The  notes  with  refer- 
ence to  the  core  and  shell  type  methods  of  construction 
seem  to  have  created  a  controversy.  These  notes 
were  not  intended  for  that  purpose,  but  were  inserted 
to  show  the  possible  adaptation  of  the  two  types  to  the 
special  design  required  for  furnace  transformers.  The 
author  does  not  hold  any  brief  for  either  type,  but  if 
a  consensus  of  opinion  of  furnace  transformers  in  use  in 
this  country  were  taken  one  would  find  that  well  over 
go  per  cent  are  shell  type.  Mr.  Sayers's  experience  of 
core-type  transformers  for  power  work  may  have  been 
good  and  the  author  does  not  doubt  it,  but  the  illustra- 
tion he  gives  is  no  indication  as  to  the  core  type  being 
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preferable  to  the  shell  type.  Similar  cases  to  that 
quoted  could  be  given  relating  to  shell-type  transformers, 
and  possibly  transformers  for  much  higher  voltages  than 
those  referred  to  by  Mr.  Sayers,  which  were  probab!)^ 
only  in  the  neighbourhood  of  6,000  volts.  His  remark 
that  the  shell  type  would  have  been  hopeless  is  evddently 
not  founded  on  fact  or  experience,  but  on  prejudice. 
Mr.  Sayers  e\-idently  wants  to  see  all  the  coils  of  his 
transfo.mer.  If  he  does  see  them — and,  by  the  way, 
only  the  outer  parts  of  the  coils  of  a  core-type  trans- 
former are  visible — what  advantage  is  there  to  be  gained  ? 
From  experience,  the  proportion  of  failures  after  several 
years  of  service  is  ver>'  much  higher  for  the  core  type 
than  for  the  shell  type,  hence  the  life  of  a  shell-type 
transformer  can  be  said  to  be  longer  than  that  of  a  core 

type- 
In  reply  to  Major  Taylor,  the  author  does  not  state 
in  the  pajjer  that  the  reactance  is  almost  entirely  in  the 
connections,  but  that  the  lay-out,  which  includes  the 
furnace  and  connections  in  large  installations,  is  a  source 
of  high  reactance.     As  it  is  hardly  possible  to  reduce  the 
reactance  or  loop  area  in  the  furnace,  that  part  which 
can  be  amended  must  be  given  attention,   hence  the 
connections  between  the  transformers  and  the  furnace 
are    discussed.     The    booster    transformer   will    not    in 
itself  improve  the  power  factor  of  the  circuit,   but  it 
will  probably  increase  the  efficiency  and  permit  of  equal 
loading  of  the  parallel  low-pressure  coils  under  all  volt- 
age ratios.     The  suggestion  that  the  booster  be  excited 
from  one  of  the  other  phases  has  not  been  considered, 
it  would  probably  improve  the  power  factor  to  some 
extent,  but  the  additional  switchgear  and  cables  neces- 
sary would  increase  the  cost  and  operating  difficulties. 
The  author  does  not  think  that  the  supply  frequency 
between  25  and  50  periods  materially  affects  the  furnace 
operation.     50-period  supply  is  used  on   the   majority 
of  furnaces  in  this  country,  but  that  is  simply  due  to  the 
supply  being  of  that  frequency  in  the  districts  in  which 
the  furnaces  are  located.     There  is  one  advantage  of  the 
lower  frequency,  namely,  that  the  inductance  drop  in  the 
leads  is  lower  due   to   the   drop  being  proportional   to 
the  frequency  with  a  constant  current.     Major  Taylor's 
concluding  remark  that  the  author  does  not  seem  to  like 
Scott-connected  transformers  is  in  a  measure  correct, 
and   for   the   following   reason — Scott-connected   trans- 
formers are  apt  to  be  abused  and  their  life  impaired 
when    used    with    two-phase    furnaces.     A    two-phase 
furnace  with  a  conducting  hearth  has  one  phase  across 
each  electrode  to  the  bath,  i.e.  it  has  a  voltage  V  across 
the  electrodes  to  the  bath  and  a  voltage  -y/  2  V  across  the 
electrodes.     If  the  hearth  becomes  non-conducting,  as 
it  does  at  times  when  a  new  lining  is  put  in  the  furnace, 
then  the  load  comes  across  the  two  electrodes  in  series 
and  a  single-phase  load  comes  on  the  supply  mains. 
Although   from   the   low-tension  ammeters   this  single- 
phase  current  appears  to  be  quite  normal,  the  primary 
loading   is   seriously   unbalanced.     The    teaser   winding 
carries  full-load   current,   and   half  of  the   main   trans- 
former carries  approximately  50  per  cent  and  the  other 
half  150  per  cent  load.     From  the  above  it  will  be  seen 
that  if  half  of  the  main  transformer  be  allowed  to  carry 
50  per  cent  overload  for  a  long  period  it  will  be  seriously 
overstrained  and  its  life  shortened.     As  ammeters  are 


rarely  used  on  all  three  high-tension  phases  the  above 
unbalance  is  rarely  noticed,  and  furnace  transformers 
having  a  Scott  connection  are  therefore  liable  to  misuse 
in  the  above  sense.  Scott-connected  transformers  are 
quite  satisfactory  if  loaded  correctly  on  the  two-phase 
side. 

The  author  w-ould  direct  Mr.  Fedden's  attention  to 
the  paragraph  headed  "  High-Pressure  Terminals  "  on 
page  202  of  the  paper,  in  which  he  suggests  that  individual 
terminals  should  be  used  for  line  leads.  As  most  furnace- 
transformer  specifications  call  for  all  leads  to  be  brought 
out,  this  is  done  by  bringing  the  tappings  out  through 
terminals  separate  from  the  line  leads.  The  author 
does  not  suggest  that  the  8,000  k.v.a.  be  embodied  in 
one  transformer  but  in  one  group  comprising  three 
single-phase  transformers  each  of  one-third  capacity. 
This  will  assist  the  lay-out  and  be  easily  handled  and 
located.  Mr.  Fedden's  remarks  re  experience  of  lay- 
out trouble  confirms  the  author's  statements  in  the  paper. 
The  Scott-connected  transformer  has  already  been  re- 
ferred to  above.  If  well  designed,  it  is  quite  a  perfect 
method  of  transforming  three-phase  to  two-phase  power, 
provided  that  the  loading  is  two-phase  and  not  single- 
phase.  Mr.  Fedden's  experience  of  mechanical  stresses 
must  have  occurred  in  some  way  other  than  normal 
operation  and  possibly  it  was  a  very  small  plant  with 
little  or  no  protection  or  reactance  in  circuit.  In  a 
small  plant  additional  reactance  is  necessary-,  as  the 
lay-out  carrying  low  currents  would  have  a  low  induc- 
tive drop.  The  example  in  the  paper  is  for  a  large  plant 
carrying  heavy  currents.  The  method  of  obtaining 
additional  reactance  mentioned  by  Mr.  Fedden  is  no 
doubt  quite  effective,  but  is  very  extravagant,  the  losses 
being  very  high,  and  in  many  cases  it  becomes  a  very 
noisy  and  hot  piece  of  apparatus.  This  method  is 
generally  used  as  a  remedy  for  a  furnace  equipment 
that  has  been  designed  with  too  little  reactance  in  order 
to  save  expense  and  violent  load  fluctuations. 

Mr.  Mercer  is  quite  correct  in  his  assumption,  so  far 
as  the  paper  deals  with  experience.  However,  since 
electric  furnaces  have  only  been  in  use  some  8  to  10  years 
in  this  country,  it  can  be  said  that  only  recent  experi- 
ence has  been  dealt  with.  During  the  war  period, 
furnace  transformers  were  called  upon  for  heavy  duty, 
in  many  cases  for  service  for  which  they  were  never 
intended.  This  heavy  duty  in  several  cases  resulted 
in  failure,  and  the  experience  gathered  from  these 
failures  has  been  of  service  both  to  the  furnace  designer 
and  to  the  transformer  engineer.  The  author  is  in 
agreement  with  Mr.  Mercer  when  he  says  that  trans- 
formers of  too  low  a  rating  were  ordered  for  furnaces, 
and  especially  those  for  Scott-connected  groups  as 
already  explained.  Negligence  on  the  part  of  the  user 
has  been  the  sole  cause  in  several  instances  of  failure, 
as  Mr.  Mercer  states.  The  author  has  not  included  in 
the  paper  any  gear  or  apparatus  concerning  the  furnace 
alone,  as  the  subject  under  review  was  furnace  trans- 
formers and  not  furnace  equipment.  The  furnace 
control  has  certainly  been  improved,  but  there  is  still 
room  for  further  improvement. 

In  reply  to  Professor  Smith,  internal  reactance  i3 
essential  in  furnace  transformers  in  order  to  steady 
the  arc.     The  value  depends  on  the  size  of  the  furnace 
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and  the  lay-out.  With  2-ton  furnaces  an  internal  re- 
actance of  lo  per  cent  is  in  general  used,  while  with 
larger  sizes  5  to  6  per  cent.  As  the  size  of  transformer 
and  furnace  increases,  the  author  considers  a  heavy 
internal  reactance  to  be  unnecessary,  since  the  reactance 
of  the  lay-out  will  meet  all  requirements.  Professor 
Smith's  suggestion  that  the  core  type  is  preferred  to  the 
shell  type  because  it  is  easier  for  the  teacher  to  demon- 
strate that  type,  is  a  very  weak  argument.  If  ever5'One 
preferred  the  easier  of  two  alternatives,  progress  would 
soon  cease.  It  is  quite  possible  to  design  a  core-type 
furnace  transformer  with  one  or  two  turns,  provided 
the  core  section  could  be  made  large  enough  for  sound 
construction.  The  transformer  could  also  be  made 
with  concentric  windings  and  the  reactance  obtained  as 
suggested.  The  objections  would  be  those  of  cost, 
difficulty  of  construction,  and  adequate  cooling.  If  a 
booster  scheme  were  suggested  for  the  author's  com- 
ment he  would  divide  the  required  reactance  between 
the  transformer  and  booster  in  such  a  way  as  to  have 
minimum  losses  resulting  from  that  reactance. 

In  reply  to  Mr.  Cowie,  the  mechanical  stresses  possible 
in  a  core-type  transformer  would  not  be  any  heavier 
than  those  present  in  a  shell-type  transformer  of  similar 
size  and  characteristics.     However,  since  the  coil  sur- 
face of  the  coil  of  a  core  type  is  much  smaller  than  that 
of  a  shell  type  in  the  usual  design,  the  stress  per  unit  coil 
surface  would  be  greater  for  the  core  than  the  shell  type. 
With  regard  to  efficiency,  the  core  type  would  be  slightly 
lower,  for,  as  stated  on  page  205,  the  copper  loss  or  load 
loss  is  rather  heavy,  and  the  efficiency  would  be  approxi- 
mately 0-2  per  cent  lower  for  a  750  k.v.a.  transformer. 
It  is  difficult  to  give  comparative  figures  owing  to  the 
many  variables  possible,   but  the  above  will  act  as  a 
guide.     The  figures  of  cost  on  page  213  include  the  cost 
of  the  cooling  equipment  such  as  cooling  coils  in  the 
transformer  tank,  and  also  in  the  case  of  force-cooled 
transformers  the  cost  of  piping  and  oil  cooler  and  pump, 
but  excluding  the  piping  and  water-supply  mains.     Mr. 
Cowie's  last  remark  is  hardly  clear.     If  he  means  an 
odd  number  of  turns  I  agree,  but  if  he  means  a  half  turn 
as  described  in  the  paper  I  fear  he  is  mistaken,  and  at 
any  rate  the  Patent  Office  did  not  know  of  such  an 
arrangement. 

Mr.  G.  E.  Taylor's  experience  re  tappings  has  been 
unique.  The  author's  remarks  have,  however,  been  con- 
firmed by  several  speakers,  and  he  does  not  therefore 
propose  to  say  anything  further  except  that  he  does  not 
wish  to  convey  the  opinion  that  the  actual  tapping 
point  of  the  coil  is  always  the  trouble  ;  other  items  such 
as  congestion  due  to  tappings  and  complex  switchgear 
sometimes  give  trouble.  The  author  agrees  that  the 
reactance  must  obey  the  linear  law,  but  this  is  only 
necessary  within  the  possible  load-current  limits  as  far 
as  the  furnace  is  concerned.  Mr.  Taylor's  somewhat 
contradictory  statement  of  the  power  factor  of  a  furnace 
is  hardly  convincing.  If  he  were  to  measure  the  power 
factor  during  the  melting  period  by  means  of  a  record- 
ing voltmeter,  ammeter,  and  wattmeter,  I  think  he 
would  find  that  o-8  is  a  fairly  good  average  figure  until 
the  molten  stage  is  reached. 

Mr.  Clothier  refers  to  the  failure  of  the  insulation  of 


receive  more  attention.  The  author  thinks  that  Mr. 
Clothier  has  misread  the  paper,  for  on  page  201,  at  the 
bottom  of  column  2  it  states  :  "  Failure  of  insulation  of 
switchgear  and  transformer  terminals  on  the  high- 
pressure  side  due  to  the  heavy  auto-transformer  effect 
in  consequence  of  the  large  range  of  voltage."  In  the 
paper  the  author  also  states  how  this  cause  of  trouble 
has  been  eliminated  by  re-arrangement  of  the  high- 
pressure  windings.  The  suggestion  that  totally  en- 
closed high-tension  conductors  should  be  used  is  quite 
straightforward  on  paper,  but  if  looked  into  in  detail 
the  possibility  of  catering  for  a  large  number  of  leads, 
possibly  24  or  30  in  number,  puts  an  entirely  new  com- 
plexion on  the  case.  Naturally  Mr.  Clothier  as  an 
expert  in  this  type  of  gear  looks  at  it  from  his  point  of 
view.  The  comparative  low  voltages  used  in  this 
country  and  the  equitable  climatic  conditions,  together 
with  the  extra  cost  this  enclosed  gear;  would  involve, 
make  its  universal  adoption  a  debatable  point. 

Mr.  Holbrook  agrees  with  the  author  on  several 
points  that  have  been  brought  forward  in  the  discussion, 
such  as  tappings,  ratio,  reactance  and  location.  With 
reference  to  ventilation,  it  is  very  difficult  to  give  figures 
as  required  by  Mr.  Holbrook,  as  so  much  depends  on 
locality.  The  inlet  air  should  be  led  in  on  all  sides,  or 
directed  to  all  parts  of  the  chamber.  The  outlet  also 
should  be  in  or  near  the  roof  so  that  the  air  has  a  direct 
upward  flow.  Two  apertures  of  approximately  2  ft.  x 
6  in.  on  each  of  the  four  sides  at  the  base  and  roof  should 
be  ample.  The  author  agrees  that  transformer  chambers 
are  in  many  cases  badly  ventilated  and  in  inaccessible 
places  and  that  the},'  have  frequently  resulted  in  the  short 
life  of  a  transformer.  With  reference  to  the  efficiencies 
of  the  transformers  shown  in  Figs,  i  and  2,  since  the  effi- 
ciency varies  with  different  ratios  that  of  Fig.  i  is  of  no 
value,  and  as  regards  Fig.  2,  the  author's  remarks  in 
reply  to  Mr.  Cowie  will  cover  the  point.  Mr.  Holbrook 
has  stated  the  case  of  core  type  versus  shell  type  in  the 
author's  own  phrase.  In  connection  with  transformers 
for  furnace  work,  the  shell  type  adapts  itself  better  to 
the  many  requirements.  This  is  the  author's  experience, 
gained  in  the  design  and  manufacture  of  a  large  nimiber 
of  transformers  of  this  type.  With  reference  to  Mr. 
Holbrook's  diagrams  and  circular  coils,  the  pro's  and 
con's  of  the  case  are  many  and  cannot  all  be  dealt 
with.  Circular  coils  are  only  advantageous  when  the 
mechanical  stresses  possible  are  radial  as  they  are  in 
concentric  windings,  for  in  this  case  the  major  forces 
are  radial.  In  a  shell  type  the  major  forces  are 
axial  and  on  the  coil  surface  and  so  do  not  distort 
the  coils  as  the  diagram  suggests.  Mr.  Holbrook's 
remarks  in  connection  with  Fig.  A  are  somewhat  mis- 
leading, especially  to  the  lay  mind.  If  alternating 
current  be  passed  through  a  free  solitary  coil  in  air,  i.e. 
one  having  only  an  air  core,  then  when  carrying  exces- 
sive currents  the  coil  will  be  extended  to  its  maximum 
area.  This  is  not  the  case,  however,  in  a  transformer 
under  short-circuit,  i.e.  when  excessive  currents  are 
flowing  through  it,  for  in  this  case  the  ampere-turn 
fluxes  are  neutralized  in  the  magnetic  core  and  only  the 
leakage  flu.x  is  left,  which  is  distributed  between  the 
two  adjacent  coilsor  groups  of  coils  of  reversed  polarity. 
This  leakage  field  in  a  shell-type  transformer  is  at  right 
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angles  to  the  axis  of  the  coils,  and  hence  the  mechanical 
stress  produced  is  in  line  with  the  coil  axis,  and  so  not 
radial.  This  b3ing  so,  a  rectangular  coil  used  in  a 
sajidwich  shell-tj-pe  transformer  cannot  be  distorted  in 
a  radial  direction  due  to  excessive  current.  Rect- 
angular coils  wound  on  modern  lines  are  not  at  all 
as  shown  in  Fig.  A,  and  when  wound  are  tight  and  the 
long  sides  are  parallel. 

I  agree  \sdth  Mr.  Ashdown  that  the  future  of  the  electric 
furnace  in  this  country  is  dependent  on  the  supply  of 
cheap  power,  and  unless  this  is  available  we  shall  not 
see  a  very  rapid  progress  in  electric  furnaces.  How- 
ever, other  countries  on  the  Continent  and  in  America 
have  this  cheap  power  available,  and  hence  British 
engineers  must  endeavour  to  keep  up  with  the  times 
and  supply  equipment  for  those  fields.  The  author's 
suggestion  of  trial  furnaces  on  page  207  does  not  mean 
a  large  equipment,  but  a  small  equipment  built  on 
similar  lines  to  the  large  furnace.  The  author  made 
tests  some  time  ago  on  a  special  equipment  suggested 
by  a  furnace  manufacturer  and  the  results  obtained 
proved  the  impossibility  of  the  suggestion,  but  at  the 
same  time  revealed  another  method  which  was  entirely 
successful.  Progress  is  not  attained  without  research 
and  financial  risk. 

In  reply  to  Mr.  Stobie,  the  transformer  shown  in  Fig.  2 
is  one  in  which  all  the  leads  were  required  out  of  the 
case.  There  are  four  bushings  ;  through  the  two  outer 
ones  the  line  leads  are  brought  individuallv,  while 
the  tappings  for  voltage  regulation  are  brought  through 
the  other  two  in  multiple,  four  through  one  and  five 


through  the  other,  and  these  are  lead  directly  to  the 
regulating  switches.  Mr.  Stobie's  experience  of  flash- 
over  between  terminals  6  and  8  inches  apart  must  have 
been  due  to  dirty  conditions  or  to  bad  contacts  and 
vaporized  metal  or  oil.  His  excellent  operating 
results  without  interleaving  are  quite  possible  with  only 
7,500  amperes,  but  are  dependent  on  the  relative  posi- 
tion of  the  transformer  and  furnace  and  on  the  type  of 
furnace.  The  furnace  evidently  had  no  conducting 
hearth  and  the  transformers  must  have  been  directly 
on  the  furnace  bed  or  below.  It  is  not  always  possible 
to  locate  the  transformers  adjacent  to  the  furnace,  and 
if  so  placed  they  have  to  be  carefully  watched  and  kept 
clean  and  artificially  cooled.  The  disadvantage  of  a 
regulating  transformer,  as  stated  by  Mr.  Stobie,  is  not 
convincing.  Mr.  Stobie  feairs  radial  stresses,  but,  as 
already  stated,  they  do  not  exist  in  sandwich-type 
windings  unless  the  coUs  are  out  of  balance  or  the 
tappings  are  short-circuited,  and  in  a  case  of  this  sort 
no  radial  bracing  however  strong  would  be  of  any  service. 
The  possibility  of  a  30-  or  40-ton  furnace,  as  suggested 
in  the  paper,  is  evidently  in  line  with  Mr.  Stobie's  idea 
of  future  development.  The  possibility  of  increasing 
the  voltage  of  the  furnace  transformer  by  having  two 
arcs  in  series  is  certainly  a  welcome  advance,  but  this 
will  entail  a  large  number  of  electrodes  as  in  case  i, 
and  the  starting  up  with  one  arc  and  the  other  elec- 
trode short-circuited  wUl,  in  the  author's  opinion, 
lead  to  heavy  starting  currents,  as  the  starting  arc 
will  have  double  voltage  and  hence  double  intensity  and 
current. 
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Preliminary. 

The  major  portion  of  this  paper  is  confined  to  a  sketch 
of  the  war  development  of  direction  and  position 
finding  as  far  as  it  was  known  to  me. 

The  general  ideas  involved  in  wireless  direction - 
finding  and  position-finding  are  fairly  well  known  now, 
but  I  have  thought  that  it  would  be  better  to  give  an 
elementary  introduction  to  the  subject  in  order  to 
make  the  paper  more  complete.  This  introduction 
will  simplify  the  discussion  afterwards  of  various  side 
issues  which  have  become  important  in  the  practice 
of  the  art.* 

General  reception. 

For  consideration  an  electrical  wave  can  be  divided 
artificially  into  two  components,  the  electrical  and 
the  magnetic  components. 

In  an  ordinary  electrical  wave  these  two  components 
are  at  right  angles,  and  the  direction  of  travel  of  the 
wave  is  at  right  angles  to  both  of  these  components. 
If  we  take  a  conductor  such  as  a  wire,  and  place  it 
in  the  field  of  the  wave  and  parallel  to  the  electrical 
lines  of  force,  the  field  applies  a  voltage  to  the  wire 
and  the  wire  attempts  to  destroy  the  field. 

Obviousl5^  however  much  the  field  was  moving 
(consider  the  limiting  case  when  the  wave-length  is 
very  long),  if  its  strength  remained  the  same  no  useful 
result  would  be  produced  in  the  wire,  but  if  the  field 
varies  from  time  to  time,  a  varying  electromotive 
force  results  in  a  varying  current  in  the  wire  and,  from 
this  varpng  current,  energy  can  be  obtained  in  outside 
circuits. 

A  wire  at  right  angles  to  this  electrical  field  has  no 
electromotive  force  induced  in  it. 

For  certain  reasons  these  fields  are  usually  made 
to  vary  with  a  simple  harmonic  motion,  and  the  result 
on  a  conductor  placed  in  the  riglit  direction  is  a  simple 
harmonic  electromotive  force. 

The  resulting  currents,  and  the  phases  of  these 
currents  in  these  conductors,  depend  on  their  electrical 
constants,  which  again  depend  partly  upon  their 
mechanical  dimensions.  If  the  conductor  is  fitted 
with  inductance  and  capacit)'  adjusted  to  be  in  resonance 
with  the  simple  harmonic  motion  of  the  wave,  the 
currents  in  the  conductor  will  be  in  phase  with  the 
appUed  electromotive  force. 

If  the  inductive  reactance  is  predominant,  the  current 
will  lag.  If  the  capacity  re;cta;ce  is  predominant  the 
current  will  lead  relatively  to  the  applied  electromotive 
force. 

If  instead  of  considering  the  effect  of  the  electrical 
field  on  the  conductor  we  consider  the  effect  of  the 
magnetic  field,  t'uat   is,  the  mmaber  of  magnetic  lines 


cutting  the  conductor  per  second,  producing  a  certain 
applied  voltage,  we  are  talking  about  the  same  thing, 
but  sometimes  this  will  give  a  clearer  mental  picture 
of  what  is  happening. 

Directional  reception. 

If  two  similar  conductors  are  chosen  parallel  to  the 
electrical  lines  of  the  wave,  but  spaced  along  the  direction 
of  propagation,  it  is  easy  to  see  that  the  currents  pro- 
duced in  them  will  differ  in  phase,  and  if  we  algebraically 
add  these  currents  by  means  of  some  such  arrangement 
as  in   Fig.   i,  we  can  produce  new  effects. 

The  single  conductor  we  have  been  considering  will 
have  no  knowledge  of  the  direction  of  the  wave  motion 
because,  from  whatever  the  direction  the  wave  is 
coming,  the  currents  produced  will  have  the  same 
amplitude,  pro\'ided  the  electrical  force  of  the  wave 
remains  parallel  to  the  conductor. 


Direction,    of    ' 
■< €«C 


Fig.  1. 

The  currents  in  the  two  conductors,  if  added  alge- 
braically in  a  certain  way,  will,  however,  enable  us 
to  determine  the  actual  direction  of  the  wave,  although 
we  shall  have  still  no  knowledge  of  what  is  called  the 
sense  of  that  direction. 

SupfJDse  in  Ing.  i  we  actually  subtract  the  two 
resultant  currents  by  making  the  two  conductors  of 
electrically  the  same  constants,  and  subtracting  on  a 
transformer  T  placed  half-way  between  the  two.  Then 
we  can  easily  see  that  a  wave  coming  from  the  direction 
of  the  plane  of  the  two  conductors  will  not  produce 
currents  of  the  same  phase,  except  in  a  few  particular 
cases  when  the  distance  between  the  conductors  is 
1,  2,  or  more  wave-lengths  exactly,  and  consequently 
a  resultant  current  will  be  left. 

But  if  the  direction  of  the  wave  is  at  right  angles  to 
the  plane  of  the  two  conductors,  the  two  currrnts. 
then  being  exactly  in  phase,  will  balance  and  no  resultant 
current  will  occur. 

Every  other  direction  of  wave  will  have  a  resultant 
current. 
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Fig.  2  gives  the  well-known  polar  diagram  of  reception 
on  such  a  system.  I  have  marked  the  two  halves 
of  this  figure  positive  and  negative  for  the  following 
reason. 

If  the  subtraction  of  the  two  currents  is  examined 
with  regard  to  the  phase  of  the  resultant  current,  it 
will  be  seen  that  the  phase  remains  the  same  tlu-oughout 
each  circle,  the  current  merelj-  altering  in  amplitude, 
but  the  phase  is  completely  reversed  in  the  other  circle. 


Fig.  2. 

Such  a  system  as  tliis,  if  we  could  arrange  to  sliift 
the  two  conductors  on  a  circle  round  an  axis  between 
them,  would  enable  us,  by  plotting  the  curve  of  Fig.  2 
for  any  wave,  to  determine  the  direction  of  that  wave ; 
and  obviously,  if  we  had  somewhere  a  standard  of 
phase,  we  could  also  get  the  sense  of  that  direction  by 
using  the  reversal  of  phase  through  the  zeros. 

In  such  a  system  as  these  two  conductors,  we  are 
not  limited   to   the  simple   subtraction   of  currents  in 


the  conductors.  We  can  misphase  our  currents  in  the 
conductors  and  add  them,  or  obtain  the  same  final 
resalt  in  still  other  ways. 

This  system  of  two  conductors  would  be  very  difficult 
to  use  in  practice  if  the  distance  between  them  was 
great.  Ob\'iously  to  bring  them  nearer  together  will 
give  a  weaker  resultant  current,  but  this  is  actually 
done  so  as  to  enable  the  conductors  to  be  easily  moved 
on  a  common  axis.  To  avoid  the  complication  of 
transformers,  other  methods  of  addition  or  subtraction 
are  used. 

A  simple  bent  conductor  with  resonance  arrangements 
at  T  (Fig.  3}  is  one  form  of  combined  conductor  suitable 


for  direction-finding.  The  conductors  may,  however,  be 
joined  at  both  top  and  bottom  (Fig.  4)  and  the  well- 
known  frame  aerial  made  up.  Oi  a  large  number  of 
conductors  can  be  arranged  in  a  circle  with  switching 
arrangements  to  switch  to  any  opposite  pair,  or  finally 
the  well-known  Bellini-Tosi  method  may  be  used  to 
enable  four  conductors  to  be  added  together  in  such  a 
way  as  to  give  the  effect  of  a  rotated  pair. 


/ 


/■ 


Receiver 


Fig. 


Effect  of  earth. 

Before,  however,  describing  this  last  method,  I  will 
introduce  the  question  of  the  earth  in  directional 
reception. 

If  a  straight  copper  wire,  A  (Fig.  5),  is  pointed  directly 
at  a  source  of  waves,  and  there  are  no  other  bodies  near 
to  distort  the  fields,  no  longitudinal  currents  will  be 
induced  in  the  wire  except  those  of  a  second  order, 
due  to  skin  effects. 


DLrection  <d 
-< «« 


Fig.  5. 

If  another  wire,  B,  is  placed  parallel  to  A,  this  also 
will  have  no  currents  induced  in  it.  Neither  of  these 
wires  will  cut  the  magnetic  lines. 

But  if  a  conductor  S  is  placed  between  A  and  B  at 
one  end,  the  magnetic  lines  can  now  cut  S,  and  the 
resultant  difference  of  potential  in  S  at  its  ends  will 
induce  in  A  and  B  an  electromotive  force  which  will 
result  in  currents  in  both  A  and  B.  If  we  replace  the 
conductor  S  by  a  substance  usually  called  an  insulator, 
wliich  has  a  greater  dielectric  capacity  than  ether, 
then  if  the  dielectric  current  can  be  assumed  to  be 
made  up  of  the  displacement  current  in  ether,  plus 
elastic  motion  of  electrons,  currents  will  also  be  induced 
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in  A  and  B  ;  but  whereas  in  the  case  of  a  leaky  dielectric 
or  conductor  the  motion  of  tSie  electrons  is  partly 
inelastic  and  the  energy  of  the  motion  is  partly  lost, 
in  the  case  of  an  imaginary  perfect  dielectric  no  energy 
will  be  lost  in  the  dielectric. 

Such  a  system  it  will  be  seen  is  not,  however,  direc- 
tional ;  because,  from  any  direction,  the  wave  will  induce 
the  same  electromotive  force,  but  if  we  place  another 
conductor  at  S'  the  result,  it  is  easy  to  see,  is  a  directional 
recci\'ing  system  similar  to  the  frame  of  Fig.  4,  because 
when  the  direction  of  the  wave  is  at  right  angles  to 
the  plane  of  the  wires  A  and  B  the  electromotive  forces 
induced  in  S  and  S'  are  equal  and  opposite  in  their  action 
on  the  conductors  A  and  B,  and  other  directions  of 
wave  give  the  diagram  of  reception  represented  in  Fig.  2. 

It  is  almost  obvious  that  such  a  system  can  be  replaced 
by  a  single  horizontal  wire  above  the  surface  of  the 
earth,  and  even  under  the  surface,  depending  on  the 
conductivity  and  dielectric  constants  of  the  ground. 


Fig.  6. 

Of  course,  if  one  considers  the  final  currents  produced 
in  such  a  circuit,  their  values  will  now  be  determined 
partly  by  the  conductivity  and  dielectric  constants  of 
S  and  S',  and  it  is  not  immediately  obvious  what  the 
values  of  such  currents  are. 

An  element  of  this  earth  effect  undoubtedly  occurs 
in  reception  even  on  frames,  but  it  is  probablj'  minimized 
by  keeping  the  frame  away  from  the  earth's  surface 
as  much  as  possible,  and  of  course  it  will  usually  be 
approximately  uniform  in  any  direction. 

Cosine  diagram. 

Returning  to  the  two  vertical  conductors  or  the 
frame  receiving  aerial,  it  is  now  obvious  that  the 
electromotive  force  in  such  a  system  depends  upon 
the  angle  which  such  a  frame  has  to  the  direction  of 
the  wave.  It  can  easily  be  shown  that  if  the  frame's 
dimensions  are  small  compared  with  a  wave-length, 
this  electromotive  force  is  proportional  to  cos  <p  where  1^ 
is  the  angle  of  the  plane  of  the  frame  to  the  direction 
of  the  wave  (see  Appendix  i). 


Bellini-Tosi  aerials. 

In  practice  the  operation  required  to  draw  the  polar 
curve  may  be  difficult  if  the  frame  is  fairly  large— in 
other  words  the  mechanical  means  for  turning  it  will 
be  cumbrous.  So  resource  is  had  to  a  method  of 
combining  the  effect  of  two  frames  placed  with  their 
planes  at  right  angles  to  one  another,  the  plane  of  each 
frame  being  vertical  to  the  earth.  This  is  done  by 
connecting  a  piece  of  apparatus  to  the  two  frames  so 
that  in  this  piece  of  apparatus  a  miniature  but  concen- 
trated duplicate  is  made  of  the  original  magnetic 
field  of  the  wave,  the  only  difference  being  that  as  now 
there  is  no  electrical  field,  we  are  not  actually  dealing 
with  a  wave  in  motion.  But  if  the  electrical  wave 
now  shifts  its  direction  through  an  angle  (f,  the  magnetic 
field   will,   in   the  subsidiary   piece  of  apparatus,   shift 
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Fig.  7. — Diagram  illustrating  arrangement  of  coils  on  the 
direction-finder. 


through  (f)  degrees  also.  Consequently  we  can  place 
in  this  miniature  magnetic  field  a  small  frame  an  inch 
or  so  in  size  and  determine  the  polar  curves  of  various 
stations. 

The  simplest  way  of  making  this  apparatus  is 
to  wind  two  coils  at  light  angles  as  a  miniature  of 
the  big  aerial  frame  system,  and  to  connect  each  of 
these  two  coils  to  an  aerial.  If  we  imagine  each  coil 
is  placed  parallel  to  the  aerial  frame  to  which  it  is 
connected,  and  the  connections  are  the  right  way  round, 
it  will  be  seen  that  the  miniature  magnetic  field  is 
parallel  to  the  main  magnetic  field  of  the  wave. 

Of  course,  there  is  no  actual  necessity  to  place  the 
apparatus  in  this  position,  but,  curiously  enough,  in 
the  avoidance  of  certain  errors,  it  has  sometimes  been 
found  advisable  to  do  so.  This  piece  of  apparatus 
invented  by  Bellini-Tosi  is  called  a  radiogoniometer. 
Fig.  6  shows  two  aerials  and  the  coils  to  which  they 
are  connected,  and  Fig.  7  the  two  coils  with  the  small 
ro  tat  able  frame. 
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Ditermination  of  sense. 

There  is  one  other  point  that  is  of  interest  in  direction- 
finding  work,  and  that  is  the  determination  of  the 
sense  as  well  as  the  direction.  I  have  noted  that  the 
two  loops  in  Fig.  2  represent  currents  opposite  in  phase, 
and  that  any  method  of  determining  this  difference 
of  phase  will  give  the  sense.  It  is  clear  that,  if 
a  single  straight  conductor  is  erected  at  the  centre 
of  such  a  frame,  the  phase  of  the  electromotive 
force  in  it  will  be  independent  of  the  direction  of  the 
signal.  Therefore  if  we  can  combine  the  currents  in 
this  aerial  and  the  frame  so  as  to  detect  the  phase  change 
on  the  frame  we  can  read  off  the  sense. 

I  have  noted  in  Appendix  1  that  these  two  currents 
are  90°  out  of  phase,  the  vertical  current  representing 
the  electrical  field  of  the  wave,  and  the  frame  repre- 
senting the  rate  of  change  of  the  field,  so  that,  to  combine 
these  currents  so  as  to  produce  a  zero  of  addition  at 
any  position,  a  mis-phasing  operation  has  to  be  done 
on  one  aerial.  For  instance,  the  frame  may  be  tuned 
and  the  vertical  aerial  left  imtuned. 

Now  if  we  obtain  a  zero  reading  from  a  signal 
in.  one    direction    by    adding    together  the   effects   on 


against  one,  and  the  question  is  introduced  how,  with 
some  aerial  arrangement  such  as  described,  can  the 
direction  of  the  wave  be  read  ? 

An  examination  of  Fig.  2  shows  that  both  maxima 
are  very  flat,  that  is,  a  large  change  of  angle  round 
these  maxima  gives  a  very  small  change  of  strength. 

The  zero  of  strength  is  extremely  sharp,  and  theoreti- 
cally if  one  determines  directions  by  obser-ving  the 
position  of  this  zero  the  best  results  should  be  obtained, 
but  several  limitations  enter  here  ; — 

(i)  The  signal  zero  extends  over  an  angle  owing  to 
weakness. 

(2)  As  will  be  mentioned  afterwards  the  actual  zeros 
are  very  often  indefinite. 

{3)  Any  jamming  is,  at  this  point,  hable  to  interfere 
with  the  signal  more  than  at  points  where 
the  signals  are  strong. 

For  all  purposes  in  the  present  state  of  wireless, 
I  must  assume  that  telephone  reception  will  be  used. 
The  loss  of  the  characteristics  of  a  signal  which  any 
recording  method  necessitates  is  too  great  a  loss  to  be 
balanced  by  almost  any  conceivable  other  advantage 
of  recording,  except  possibly  in  very  particular  cases 


Fig.  8. 


the  frame  and  vertical  aerial,  a  rotation  of  the  frame 
through  180°  gives  a  phase  shift  in  the  frame  of 
180°.  As  the  phase  in  the  vertical  aerial  is  unaltered, 
we  shall  get  an  addition  of  the  two  aerial  currents 
instead  of  a  subtraction.  Instead  of  rotating  the 
frame,  the  rotation  of  the  transmitter  round  the  receiver 
gives  the  same  effect ;  consequently  we  are  enabled 
to  determine  the  sense  of  the  direction  of  a  station. 

It  will  be  seen  that  even  if  the  phases  of  the 
frame  and  the  vertical  aerial  are  obtained  correctly, 
unless  the  strength  is  obtained  correctly  also  the  zeros 
will  not  be  opposite  the  maximum.  Fig.  8  represents 
a  series  of  diagrams  obtained  by  the  addition  of  various 
strengths  of  signals  in  the  frame  and  the  vertical  aerial. 
These  will  be  of  interest  in  a  later  part  of  the  paper 
dealing  with  instrumental  errors.  Some  of  these 
diagrams  weie  obtained  by  Marconi  on  his  original 
horizontal  aerial  experiments. 

Practical  question  of  taking  readings. 

In  practice  such  a  process  as  plotting  the  cosine 
diagram  from  a  station  is  impossible.     Time  is  usually 


where  a  great  strength  is  being  dealt  with,  or  wave- 
lengths are  being  used  which  are  far  away  from  the 
normal  field. 

Instead  of  reading  the  zero  position  an  alternative 
is  to  read  two  positions  of  equal  strength,  and  this  is, 
and  always  has  been,  done  in  practice. 

In  ordinary  frame  or  Bellini-Tosi  practice,  the 
operator  swings  his  moN-ing  coil  to  two  positions  gi\ing 
equal  strength,  and  assumes  the  zero  or  maximum  lies 
half-way  between  the  two  positions.  Depending  upon 
circumstances,  he  may  swing  through  a  narrow  angle 
or  a  wide  angle.  It  is  a  simple  step  from  this  to 
arrange  two  coils  swinging  together,  with  a  change- 
over key  to  change  from  one  coil  to  the  other,  so  as  to 
obtain  again  equahty  of  strength. 

This  latter  method  w-hich  was  tried  out  long  before  the 
war  was  again  attempted  with  modem  gear,  but  in  prac- 
tice, although  possibly  giving  sUghtly  more  accuracy  vrith 
untrained  men,  it  was  rejected  because  it  was  slower 
to  use  than  the  swinging  by  hand,  and  one  always  had 
to  make  sure  whether  the  swinging  was  being  done 
round  a  minimum  or  a  maximum.     Also  the  variable 
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angle  of  swing  was  not  easy  to  arrange  while  ensuring 
the  accuracy  of  placing  of  the  coils. 

The  Royal  Air  Force  used  this  switch  on  aeroplanes, 
but  instead  of  arranging  two  frames  at  the  necessary 


Fig.  9. 

X  Y  asd  X'  Y'  represent  the  two  positions  of  a  rotating  frame  or  a  rotating 
search  coil  of  a  Bellini-Tosi  set  to  give  the  two  equal  strengths  O  Y  and  O  Y' 
required  by  the  operator  to  determine  the  direction  O  Z  of  the  minimum  of 
signals. 

angle,  they  took  one  frame  and  added  to  it  a  frame  at 
right  angles,  connected  first  one  way  and  then  the 
other   way.     This   is   obviously   the   same   thing.     The 


Co6tf 


Fig.  10. 

angle  between  the  equivalent  frames  is  altered  by  altering 
the  ratio  of  the  sizes  of  the  two  R.A.F.  frames.  I 
have  not  so  far,  even  on  aeroplanes,  found  the  necessity 
of  using  switching  arrangements,   the  operation  being 


easily  performed  by  hand  swinging  of  the  search  coil, 
but  possibly  in  the  future  it  may  be  introduced  on 
navigational  stations  when  other  sources  of  errors  are 
eliminated. 


Fig 


I  have  mentioned  that'  to  read  the  maximum  is  not 
directly  possible  on  account  of  its  bluntncss.  It  is 
rather  interesting  to  speculate  whether  it  is  possible 
to  obtain  a  sharp  maximinn. 


Fig.   12. 

One  can  only  imagine  the  production  of  a  real  ray 
effect  by  covering  with  receivers  a  great  area  of  wave 
front.  But  1  can  conceive  of  an  apparently  sharp 
maximum  being  produced  by  some  successive  apphcation 


Fig.   13. 

of  a  power  law  to  the  original  current,  saj'  by  rectifying 
the  original  current  through  a  square-law  detector, 
reconverting  this  into  high-frequency  current,  and 
rectifjang  again   (Fig.    10)  ;     also  by   shding   back  the 
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potentiometer  with  a  valve  detector,  and  then  amph- 
fying  afterwards.  Exactly  what  would  happen  with 
such  a  scheme  with  jamming  stations  of  different 
strengths  is  very  doubtful,  and  one  great  advantage 
of  the  cosine  diagram  would  be  lost,  for,  with  a  real 
maximum  sj^stem,  it  would  be  necessary  to  have  an 
independent  stand-by  scheme  with  which  to  hear 
stations,  but  the  cosine  diagram  is,  with  an  occasional 
shift  of  the  pointer,   good  enough  as  a  stand-by. 

The'diagrams  of  reception  that  have  been  discussed 
so  far  have  been  those  in  a  horizontal  or  an  equatorial 
plane.  In  order  to  be  able  to  study  the  various  errors 
that  affect  direction-finding,  reference  must  be  made 
to  the  solid  diagrams  of  reception  of  the  three  types 
of  aerial  systems  that  have  been  referred  to.  Fig.  ii 
is  the  solid  diagram  of  reception  of  a  vertical  wire. 
It  will  be  noted  that  as  the  signal  gets  nearer  and  nearer 
to  the  vertical  direction  the  signal  strength  falls  off 
according  to  the  cosine  diagram,  so  that  when  the 
signals   are   quite   vertical   the   receptive  power  of  the 


but  this  was  one  which  was  not  very  well  closed.  All 
this  was  before  Marconi's  original  work  with  vertically 
polarized    radiation. 

In  about  1899,  1900  and  1901,  S.  G.  Brown  and  others 
suggested  the  use  of  spaced  aerials  for  the  purpose  of 
obtaining  non-circular  radiation.  The  frame  aerial 
was  probably  first  suggested  by  Dr.  Lee  de  Forest. 
In  1906  Braun  combined  aerials  to  give  heart-shaped 
diagrams. 

Marconi  determined  the  radiation  curves  (Fig.  14) 
of  bent  and  long  horizontal  aerials,  and  arranged  the 
first  direction-finding  system  which  utilized  the  position 
given  by  signals  when  at  their  maximum  strength. 
That  directional  reception  was  a  practical  proposition 
over  short  distances  in  1905-1906  I  can  testify,  because 
on  Long  Island,  N.Y.,  in  about  1905,  I  did  a  large  num- 
ber of  experiments  with  multi-tuni  receiving  frames 
using  a  magnetic  detector  in  series  with  them.  Signals 
were  received  over  distances  up  to  three  miles  from  a 
plain   aerial  transmitting  station.     The  insen.sitiveness 
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Fig.   14. 


aerial  is  zero.  Fig.  12  is  the  solid  diagram  for  the 
aerial  shown  in  Fig.  i .  In  this  case  the  receptive  power 
of  the  aerial  system  is  zero  in  the  vertical  direction, 
and  also  in  the  horizontal  direction  when  this  horizontal 
direction  is  at  right  angles  to  the  plane  in  which  the 
two  aerials  lie.  Fig.  13  is  the  solid  diagram  for  the 
frame  shown  in  Fig.  4.  This  diagram  is  of  the  same 
shape  as  that  for  the  vertical  wire,  but  in  this  case 
it  is  placed  on  edge.  It  will  be  seen  that  the  receptive 
power  is  no  longer  zero  in  a  vertical  direction,  but 
only  in  a  horizontal  direction  when  such  direction  is 
at  right  angles  to  the  plane  of  the  frame.  The  differ- 
ence between  the  diagram  of  the  frame  aerial  and  that 
of  the  two  vertical  aerials  becomes  of  importance  when 
considering  night  variations  and  the  aeroplane  error. 

Historical  Sketch  of  War-time  Development. 

It  would  probably  start  a  controversy  to  go  too 
closely  into  the  original  conception  of  directional  recep- 
tion. Fitzgerald,  before  Hertz,  suggested  frames  for 
radiating,  and  probably,  with  his  insight  into  things, 
noted  possible  directional  properties.  Hertz  undoubtedly 
recognized  directional  properties  in  liis  receiving  loop. 


of  the  detector  ehminated  any  possibihty  of  practical 
use,  and  after  various  tests,  which  included  the  addition 
of  vertical  aerials  and  frames  to  produce  heart-shaped 
diagrams,  but  which  did  not  include  any  conception  of 
the  Belhni-Tosi  scheme,  the  tests  were  dropped. 

Artom  suggested  and  used  a  directional  method, 
but  the  indefiniteness  of  the  original  description  pre- 
vented any  clear  conception  of  his  ideas. 

BelUni-Tosi  schemes  revived  the  subject,  and  the 
system  began  to  have  a  practical  form  when  Major  Prince, 
in  igi2,  modified  the  BelUni  aerial  to  complete  frames. 
The  Bellini-Tosi  idea  was  so  complete  that  one  might 
say  that  all  work  after  the  original  conception  consisted 
in  carrying  out  correctly  the  idea  and  in  the  improve- 
ment of  the  recei\'ing  apparatus.  The  sensitiveness 
of  the  crystal,  although  greater  than  either  the  magnetic 
or  electroljrtic  detectors,  still  hmited  the  ranges  of 
reception  very  greatly  on  directional  aerials. 

In  1913-1914  I  had  in  operation  short-wave  wireless 
telephone  sets  using  three-electrode  valves  for  both 
transmission  and  reception.  The  development  of  simpli- 
fied receiving  circuits  using  these  valves,  utiUzing  both 
high-frequency   and   low-frequency  magnification,   sug- 
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gested    the    revival    of    the    radiogoniometer    for    war 
purposes  almost  immediately  after  war  broke  out. 

Early  war  trials. 

Early  in  September  1914  possible  uses  of  direction- 
finding  began  to  be  evident  to  us,  and  we  decided  to 
try  to  improve  the  Bellini-Tosi  arrangement  so  as  to 
increase  its  accuracv  and  range.  A  Bellini-Tosi  aerial 
system  was  erected  on  a  70  ft.  field  station  mast  at 
Broomfield.  Standard  Bellini-Tosi  radiogoniometers 
were  connected  up  to  the  recei\-ing  gear  which  was 
arranged  to  use  either  (i)  crystal  only,  or  (2)  valve  plus 
crystal.  I  was  very  doubtful  whether,  when  using  the 
valve,  reaction  effects  would  not  cause  serious  trouble, 
but  fortunately  this  did  not  appear  to  be  the  case.  Other 
troubles,  however,  did  appear. 

Owing  to  the  short  distance  over  which  it  was  possible 
to  receive  signals  on  a  frame  when  using  only  a  crystal 
as  a  defector,  none  but  the  very  strong  stations  could 
be  received.  It  had  been,  therefore,  usually  impossible 
to  obtain  a  large  number  of  readings  with  which  one  could 
check  the  accuracy  of  the  radiogoniometer.  When 
starting  work  with  the  valve  plus  crystal,  I  found  great 
divergence  between  the  observed  and  true  directions. 
In  every  case  where  it  was  possible  to  do  so,  directions 
were  taken  when  using  (i)  crystal  only,  and  (2)  valve 
plus  crystal.  In  each  case  the  observed  directions 
agreed,  wliich  pointed  to  the  fact  that  the  errors  were 
probably  not  due  to  the  valve.  Finally,  nearly  all 
errors  were  put  down  to  two  causes  : — 

(i)  A  coupling  between  the  two  aerial  systems  not 
due  to  the  search  coil.  This  gave  maximum  errors  in 
the  plane  of  either  aerial. 

(2)  Incorrect  tuning  and  consequent  mis-phasing 
of  the  two  aerial  systems.  This  gave  maximum  errors 
in  the  plane  of  45°  between  the  two  aerials. 

The  first  difficulty  was  overcome  by  setting  out  the 
aerial  systems  accurately  and  by  more  accurate  manu- 
facture of  the  radiogoniometers.  The  second,  by 
abolisliing  the  double  condenser,  which  pretended  to. 
tune  the  two  aerials  simultaneously,  and  by  using 
two  separate  condensers.  Tuning  and  phasing  was  done 
by  means  of  a  small  buzzer  transmitting  radiogonio- 
meter coupled  to  the  aerial  systems. 

The  correction  of  the  first  error,  until  quite  recently, 
always  gave  us  trouble,  particularly  with  short  waves. 
Tliis  was  owing  to  the  electric  coupling  between  the 
two  aerials.  Incidentally  the  methods  of  checking 
that  this  coupling  was  zero  were  rather  troublesome. 

Another  series  of  errors  appeared  afterwards,  due 
to  badly  constructed  aerial  tuning  condensers  and  to 
very  puzzling  dielectric  losses.  The  condensers  first 
used  had  ebonite  as  the  dielectric,  and  any  small  differ- 
ence in  the  internal  losses  was  swamped  by  the  large 
internal  loss.  Other  dielectric  losses,  such  as  those 
in  walls  and  tables,  were  not  noticeable  until  later. 
This  was  when  the  aerials  were  made  larger  with  respect 
to  the  wave-length,  and  the  potentials  at  the  ends  of  the 
aerials  consequently  became  higher. 

The  introduction  later  of  condensers  having  air  as 
the  dielectric  gave  trouble.  This  was  owing  to  the 
type  used  being  a  built-up  aluminium-vane  condenser. 
It  was  found  practically  impossible  to  avoid  resistance 


in  the  condenser,  as  the  contact  to  the  aluminium 
vanes  could  never  be  made  perfectly  good.  We  there- 
fore reverted  to  brass  vanes  solidly  soldered  up,  and  after 
this  all  trouble  vanished  from  a  condenser  resistance 
point  of  view. 


Fig.  15. 

Aerial  systems  used. 

The  first  aerial  systems  were  small  diamond-shaped 
frames,    supported    on    70   ft.  wooden  masts   (Fig.  15), 
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Fig.  16. 

the  corners  of  the  diamond  being  guyed  out  by  ropes. 
A  little  later  on,  in  the  days  when  wood  was  still 
cheap,    we    erected     four     masts    and    put   up  square 


Fig.   17. 

frames  (Fig.  16).  This  seems  to  be  the  best  form  of 
aerial  for  general  all-round  accuracy.  Still  later,  on 
account  of  the  cost  of  masts,  we  reverted  to  the 
diamond-shaped  frames  with  one  high  central  mast 
and  four  small  corner  masts  (Fig.  ly).  ^ 
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Multi-turn  frames  were  seldom  o£  any  use  in  the 
Bellini-Tosi  work  ;  a  condenser  could  always  be  inserted 
to  tune  up  one-turn  frames  and,  of  course,  direct  con- 
nection with  the  aerials,  as  in  rotating  frame  work, 
is  not  required.  Multi-turns,  even  if  used  in  parallel 
to  reduce  inductance,  have  the  disadvantage  that  the 
inductance  varies  in  windy  weather. 

A  few  dimensions  are  appended  of  single-turn  frames 
for  the  various  wave-lengths  chiefly  used  : — 


Wave-length 

Shape 

Height 

Diameter 

200-400  metres 

Diamond 

50  ft. 

50  ft. 

400-800 

( 

(i)  Square 
(2)  Diamond 

60  „ 

90  „ 

60    „ 
90    „ 

800  upwards 

•1 

(i)  Square 
(2)  Diamond 

126  ,, 

170  „ 

120    ,, 
I/O    „ 

Any  larger  sizes  than  these  became  difficult  to  handle, 
owing  to  the  self-capacity  of  the  frame  becoming  large 
compared  with  that  of  the  tuning  condenser.  Actually, 
with  modern  amplifiers  these  frames  gi\'e  all  that  can 
be  required  in  the  way  of  signals. 

Insulation  and  leading-in. 

Insulation  is  not  an  important  function  because,  in 
wet  weather,  all  insulators  get  wet  about  equally  and 


K-5^-(- 


Tight  coupled 


Loose  coupled 


Fig.  iS. 


the  efiect  on  the  two  aerials  is  about  the  same.  At 
the  same  time  it  is  preferable  to  avoid  any  chance  of 
inequahty  by  using  long  lengths  of  porcelain  at  all 
suspension  points. 

The  leading-in  of  aerials  is  a  very  troublesome  process. 
The  lead-iii  wires  from  the  central  mast  have  to  be 
firmly  fixed  with  regard  to  one  another,  and  yet  if  they 
are  supported  rigidly  from  the  mast  to  the  building  the 
latter  becomes  very  noisy  due  to  the  mast  \-ibration 
being  transmitted  to  the  walls  of  the  building.  Insula- 
tion at  this  point  is  more  difficult  to  maintain  than 
elsewhere  and  is  more  important,  as  the  building  is 
Liable  to  shield  one  set  of  aerial  insulators  more  than 
the  other. 

The  buildings  were  usualh'  placed  in  an  angle  between 
the  legs  of  the  two  aerials,  and  this  resulted  in  a  capacity- 
coupling  between  the  aerials  which  was  negatived  by  a 
small  condenser  connected  across  one  of  the  legs  of  one 
aerial  and  the  opposite  leg  of  the  other  aerial. 


Radiogoniometers . 

During  the  war  we  made  practically  no  alterations  in 
the  dimensions  of  the  radiogoniometer  coils  designed 
by  BelUni,  except  in  the  number  of  turns  on  the  windings, 
for  as  originally  designed  they  produce  a  very  small 
error,  and  to  have  eliminated  this  error  would  havs 
taken  a  great  deal  of  work,  which  was  not  necessary  in 
^^ew  of  more  serious  errors. 


f  4 


I    3 
g  2 


<n  100 

V. 
g-zoo 

o300 


■  400 


-w  500 
■nrOO 


O 


800 


^900 


/ 

// 

/ 

;i 

// 

^° 

^1 

//I 

hi 

1 

//  1 

i 

/i 

V 

1    1 

% '  '' 

Id  V 

oltS 

>      6/    /   7 

w 

)OV. 

/ 

7~\7oov. 
r^5oov 

\\  \ 

1 

i 

\ 

// 

i\N 

^ 

Fig.  19. 


Two  dimensions  of  coils  which  we  used  for  different 
circumstances  are  shown  (Fig.  18),  viz. 

(a),  which  we  called  "  tight  coupled,"  and 
tp),  which  we  called  "  loose  coupled." 

Actually  both  types  were  tight  coupled,  for  in  each  case 
the  coupling  when  at  a  maximum  with  one  aerial  alone 
was  more  than  that  required  for  maximum  signals, 
if  aerial  and  search  coil  were  tuned  to  the  same  wave- 
length. 

Almost  at  once  we  discovered  that  in  war  the  enemy 
does  not  send  on  one  wave-length  onlv,  nor  does  he  send 
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V's  when  requested,  and  many  were  the  schemes  evolved 
both  for  tuning  to  his  wave-length  and  for  taking  his 
direction  rapidlj',  say,  all  in  the  space  of  a  few  seconds. 
The  difficulty  was  enormously  increased  by  the  e.Ktreme 
care  with  which  the  aerials  had  to  be  balanced.  After 
a  little  experience  we  found  that  if  the  aerials  were 
tuned  to,  say,  800  metres  and  carefully  balanced  or 
phased,'  then  by  retuning  the  intermediate  and  final 
circuits,  but  without  altering  the  aerial  tuning,  signals 
could  be  received  with  only  a  slight  falling  off  in  strength, 
from  200  metres  below  to  200  metres  above  this  tune, 
that  is  from  600  to  i.ooo  metres.  This  was  due  to  the 
above-mentioned  tight  coupling  of  the  radiogoniometer. 


became  easy,  but  in  the  early  days  they  caused  much 
trouble.  After  the  German  rules  for  wave-length 
changing  had  been  determined,  quick  searching  only 
became  necessary  when  these  rules  were  being  changed, 
and  also  in  a  few  other  cases. 

First  valves  and  circuits. 

Aside  from  the  above-mentioned  errors,  other 
errors  were  not  at  first  serious.  I  had  modified  Frank- 
lin's reaction  circuits  for  spark  reception  to  give  simpler 
tuning  arrangements,  and  these  circuits,  when  added 
to  the  B^Uini-Tosi  system  corrected  as  above,  made 
a   ver}^  good  direction-finder  which   at    that    time  was 
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Some  attempt  was  made  to  use  Mr.  Russell  Clarke's 
scheme  of  linked  condensers.  Tills  scheme  was,  how- 
ever, not  extensively  tried  ;  for  the  reaction  coil  had  to 
be  readjusted  continuously  in  order  to  keep  the  set 
near  the  oscillating  point,  and  it  was  found  that  if  the 
final  jigger  coils  were  made  of  sufficient  length,  they 
also  worked  over  a  big  range  without  a  condenser  in 
parallel  with  them.  With  only  the  reaction  coil  and 
intermediate  condenser  to  handle,  operators  became  very 
expert  at  searching  over  considerable  ranges  of  wave- 
length. They  rapidly  found  out  the  German  rule  for 
change  of  wave-length,  and  the  various  wireless  signals 
which  indicated  these  changes. 

Later   on,   with  modern   amplifiers,   all  these   things 


of  extraordinary  sensitiveness.  It  was  probably  for- 
tunate in  the  first  year  of  our  work  t'nat  we  used  the  soft 
valves,  because  no  hard  valve  has  been  constructed 
wliich  can  compare  with  these  "  C  "  type  tubes  as 
high-frequency  magnifiers.  They  necessitated,  however, 
trained  men  in  their  manufacture,  and  trained  operators 
for  their  efficient  use. 

I  give  here  a  characteristic  of  a  "  C  "  valve  for  those 
who  care  to  compare  it  with  that  of  a  modern  hard 
tube.  If  the  "  C  "  valve  characteristic  (Fig.  19)  is 
compared  with  that  of  a  hard  tube,  the  comparison 
will  show  that  the  "  C  "  valve  is  equal  in  magnifjdng 
power  either  to  i5  hard  French  tubes  in  parallel,  or  to 
tlu-ee  in  cascade.     Actually  in  practice,  when  used  by 
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a  skilled  operator,  it  is  better  than  three  in  cascade  in 
an  amplifier  having  aperiodic  intervalve  connections. 
Some  of  the  apparent  amplification  shown  by  the  charac- 
teristic is  actually  not  obtainable  because,  on  account 


This  type  of  tube  had  been  tested  out  on  long  waves 
at  Clifden  for  quite  long  runs,  and  on  those  circuits 
they  were  very  steady.  The  shorter  waves,  however, 
necessitated  higher  values  of  filament  current  and  lower 


(a) 


W 


of  grid  conducti\-it\',  a  rather  large  ratio  of  capacity 
to  inductance  is  required  in  the  grid  tuning  circuit.  The 
use  of  this  large  ratio  of  capacit}'  to  inductance  in  the 
direction-finding  recei\-ing  gear  accidentally  avoided  for 
us  the  serious  error  known  as  "  vertical,"  which  was 
afterwards  obtained  «dth  hard  tubes,  and  it  was  very 
fortunate,  for  we  had  quite  enough  other  trouble 
to  contend  with  at  the  time.  With  the  "  C  "  valve 
the  average  high-frequency  magnification  when  using 
reaction  was  about  150.  ^^'ith  high-frequency  magnifi- 
cation the  receiving  power  of  the  frame  and  Bellini- 
Tosi  system  at  once  became  almost  equal  in  value  to 
that  of  the  ^•ertical  aerial. 

If  an  aerial  system  is  taken  and  high-frequency  ampH- 
fiers  attached  to  it,  a  practical  limit  of  amplification 
is  reached  when  jamming  and  X's  become  too  strong. 
In  practice,  therefore,  it  is  possible  to  ampHfy  up  frame 
signals  to  a  strength  even  greater  than  those  of  a  vertical 
aerial,  for  owing  to  the  frame's  localized  receptive 
diagram  there  is  liable  to  be  less  interference. 

Fig.  20  gives  a  diagram  of  one  of  the  first  circuits 
in  use.  Captain  Tremellen  was  very  fond  of  the  inge- 
nious double-magnification  circuit  (Fig.  21),  due  to 
Schlomilch,  as  was  also  the  original  high-frequencj- 
magnification  without  reaction.  I  usually  preferred  a 
single  low-frequency  amplification  after  the  crj'Stal. 

I  have  mentioned  that  the  production  of  valves  at 
that  time  required  special  men.  Even  then  it  was  a 
terrible  process.  Again  and  again  we  lost  the  knack 
of  making  good  tubes,  owing  to  some  shght  change  in 
the  materials  used  in  their  manufacture.  A  thorough 
investigation  was  impossible,  as  all  hands  were  out  on 
the  stations.  On  several  occasions  we  were  down  to 
our  last  dozen  tubes. 

Vol.  .58 


values  of  vacua,  thereby  shortening  the  steady  life 
considerably.  It  is,  however,  pleasant  to  record  that 
"  Methusalah  "  was  removed  after  8,500  hours,  only 
to  make  room  for  a  new  circuit  with  hard  valves,  and 
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Fig.  23. 


this  to  the   regret   of    the   operators.       A  good    many 

examples  were  obtained  of  lives  nearly  as  long  as  this. 

Everything  suggests  that  a  long  ageing  is  necessary 
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to  produce  a  steady  valve,  unless  success  is  obtainable 
with  a  gas  such  as  helium  or  neon.  Curiously  enough, 
a  spectrum  analysis  of  an  old  tube  never  showed  any- 
thing but  hydrogen,  but  with  hydrogen  I  was  never 
able  to  make  a  tube  that  was  any  good.  A  few  tubes 
were  obtained  wliich,  after  1,000  hours,  would  run 
indefinitely    as    amplifiers    or    oscillators    without    any 


nicknamed  "  Vertical."  This  error  was  only  small, 
and  save  for  the  determination  of  its  cause  need  not 
have  been  regarded.  We  noticed  that  the  two  zeros 
shown  in  Fig.  2  were  .seldom  opposite  to  one  another, 
even  if  using  only  one  aerial  of  the  Bellini-Tosi  system. 
This  was  traced  to  a  small  "  vertical  aerial  "  receptive 
power,  chiefly  due  to  the  difference  in  the  capacity  oi 


filament  batter^'.  The  filament  was  apparently  being 
heated  by  the  high-tension  battery,  which  was  usually 
400  volts. 

Great  credit  is  due  during  this  period  to  Messrs. 
Edison  and  Swan,  Ltd.,  and  particularly  to  Mr.  Copelin 
and  his  staff,  for  the  patience  with  which  they  carried 
out  my  instructions  for  making  the  valves. 

Another  source  of  error. 

Quite  early  in  1915  another  error  appeared  which  we 


the  grid  of  the  valve  to  earth,  and  of  its  battery  to 
earth.  We  corrected  it  at  first  by  adding  a  smali 
condenser  from  the  grid  to  earth,  the  value  of  the 
capacity  being  equal  to  that  of  the  battery  to  earth. 
Owing  to  the  smallness  of  the  error,  however,  this  correc- 
tion was  not  often  applied. 

I  can  probably  explain  the  meaning  of  the  error  by- 
taking  the  simple  case  of  a  frame  directly  connected  to 
a  valve  (Fig.  22).  Such  a  frame  as  shown,  if  not  con- 
nected to  the  receiver,  gets  current  induced  in  it  which 
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gives  a  potential  difference  between  the  terminals  A 
and  D  of  the  condenser.  This  potential  difference  is 
the  correct  cosine  function  of  the  direction.  If  now  a 
valve  grid,  G  (Fig.  22a),  is  connected  to  D,  and  the 
valve-filament  battery,  B,  to  A,  the  capacity  of  G  is 
usually  small  compared  with  B,  and,  besides  the  true 
directional  reception  of  the  frame,  there  is  a  reception 
due  to  these  capacities  to  earth,  I  have  redrawn  this 
arrangement  in  Fig.  226,  which  shows  the  action  of  the 
wave  in  alternating-current  form,  Fig.  22c  shows  the 
arrangement  in  bridge  form.  From  this  it  will  be 
seen  that  unless  the  capacity  C  is  equal  to  the  capacity 
H,  a  current  will  flow  through  the  condenser  A  D. 
The  fact  that  a.  current  flows  through  the  condenser 
A  D  means  that  there  is  potential  diflerence  across  the 
terminals  A  and  D,  which  is  independent  of  the  direc- 
tional properties  of  the  frame.  The  result  of  this  circular 
reception  on  top  of  the  directional  reception  is  a  "  cottage 
loaf  "  shaped  diagram  of  reception,  the  minima  of  which 
are  not  opposite  to  one  another.  This  point  has  already 
been  brought  out  and  illustrated  in  Fig.  8. 

With  the  use  of  hard  valves,  and  the  consequent 
high  insulation  of  grids,  these  "  vertical  "  troubles 
.  increased  a  great  deal,  and  they  increased  still  more 
when  the  "  aperiodic "  aerial  was  brolight  into  use. 
Methods  other  than  the  addition  of  condensers  to  the 
grid  were  afterwards  used,  for  they  were  more  rehable 
as  they  required  no  adjustment.  They  were  chiefly 
methods  of  shielding  and  shunting  to  earth  and  will 
be  mentioned  later 

Night  errors. 

So  far,  I  have  only  touched  upon  the  aerial  and  upon 
instrumental  difficulties  and  errors.  Probably,  it  has 
occurred  to  some,  working  on  signal  strength,  that  the 
extraordinary  variation  of  signals  at  night,  so  different 
from  the  constancy  during  the  day,  might  be  accom- 
panied by  variations  in  apparent  direction.  I  must 
confess  that  I  had  not  thought  seriously  about  it. 

In  December  I9i4we  erected  in  France,  atBlendecques 
near  St.  Omer,  and  at  Abbeville,  tlie  first  two  war 
direction-finding  stations,  these  making  the  first  position- 
finding  group  erected  by  us  during  the  war.  Blen- 
decques,  unfortunately,  had  a  fixed  daylight  error  which 
puzzled  us,  and  not  until  Abbeville  was  constructed  did 
Captain  Tremellen  note  that  night  directions  did  not 
maintain  the  constancy  of  day  readings.  The  first 
station  concerning  which  he  noticed  this  effect  was 
K-W,  the  old  German  press  station,  and  I  am  able  to 
show  here  a  copy  of  his  original  curve  taken  of  KAV's 
movements  during  a  sunset  period   (Fig.  23). 

This  curve  is  typical  of  a  sunset  movement,  but  I 
still  cannot  say  whether  any  such  apparent  regularity 
exists  as  a  general  thing,  and  certainly  we  were  never 
able  to  arrive  at  any  system  of  correcting  bearings 
by  using  the  idea  of  regularity. 

After  this  first  indication  we  of  course  noticed  that 
night  variation  was  a  general  thing,  and  it  remained 
throughout  the  war  a  serious  defect  in  the  direction- 
finding  work.  I  have  attempted  to  set  down  here  a 
number  of  facts  regarding  night  effects  which  may  be 
useful  to  those  building-up  theories,  but  I  must  apologize 
for  the  scarcity  of  real  material. 


One  must  remember  that  all  stations  were  concen- 
trated on  a  military  and  naval  object,  i.e.  Intelhgence 
work,  that  the  stations  being  watched  sent  erratically, 
and  seldom  at  the  right  time  or  for  a  sufficient  length 
of  time  to  make  observations  worth  while,  and  also 
that  the  stations  were  worked  by  men  not  particularly 
interested  in  direction-finding  as  a  research.  Only 
long-wave  Press  stations  sent  for  lengthy  periods,  and 
we  could  not  afford  to  concentrate  direction-finding 
men  on  watching  these  stations.  However,  Captain 
Tremellen  and  Lieut.  Adcock  in  France  among  others, 
and  particularly  Lieut.  Eckersley  in  Egypt  and 
Salonica,  succeeded  in  obtaining  valuable  information, 
the  latter  in  conjunction  with  experiments  developing 
the  theoretical  side.  Eckerslej'  is,  I  believe,  pre- 
paring to  publish  his  work  on  direction-finding.  The 
work  of  these  men  suggests  possible  improvements  in 
apparatus  which  will  eliminate  a  great  deal  of  the 
night  trouble. 

We  were  not  the  onlj'  people  suffering  from  night 
effects.  As  is  well  known,  the  German  Navy  directed 
their  Zeppelin  fleets  by  direction-finding  from  land 
stations.  They  also  used  a  method  of  intercommunica- 
tion between  their  land  stations  by  wireless  telegraphy. 
I  am  permitted  to  show  approximately  the  positions 
of  the  German  direction-finding  stations  and  also  the 
approximate  position  of  some  of  our  own  stations 
(Fig.  24).  The  Germans,  in  raids  on  England,  suffered 
from  a  bad  base-line,  and  this,  in  combination  with 
night  effects,  made  their  directional  apparatus  useless 
on  many  occasions. 

An  interesting  point  regarding  the  night  effects  was 
discovered  later  by  Captain  Tremellen.  The  Germans 
had  two  radiophare  stations  for  enabling  their  Fleet 
and  submaiines  to  determine  their  positions  in  the 
North  Sea  without  ha\'ing  to  transmit.  These  radio- 
phares in  effect  consisted  of  a  rotating  frame  continually 
sending  during  rotation.  A  signal  was  sent  to  give 
the  zero  of  time,  and  any  ship  noting  the  time  interval 
between  this  zero  and  the  zero  of  signals  could  then 
determine  its  angular  position  from  the  station. 

The  fact  that  a  frame  transmits  vertically  as  well  as 
horizontally,  and  that  at  different  points  in  its  rotation 
the  vertical  radiation  is  polarized  in  a  different  direc- 
tion, should  lead  one  to  expect  curious  results  at  night. 
Owing  to  the  continuous  rotation  of  the  transmitting 
frame,  very  strong  signals  were  necessary  to  take  quick 
bearings  at  a  direction-finding  station.  Notwithstanding 
the  difficulty,  Captain  Tremellen  was  able  to  note  a 
large  variation  of  the  apparent  direction  of  these  stations 
at  night  as  the  frame  rotated.  This  was  done  by 
reading  the  minimum  on  his  own  radiogoniometer,  and 
not  by  noting  the  minimum  of  signals  with  his  search- 
coil  stationary.  Unfortunately  these  stations  have 
stopped  work,  otherwise  a  complete  investigation  of 
this  would  have  been  undertaken. 

Notes  cm  Night  Effects. 
(i)  Large  swing  readings  are  better  than  minimum 
readings.  To  obtain  readings  of  the  actual  minima  at 
night  is  very  difficult,  for  from  spark  stations  with  no 
definite  zero  one  gets  pecuhar  changes  of  note,  and 
different  operators  will  estimate  the  weakest  place  at 
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quite  different  angles.  I  have  attempted  to  draw  in 
Fig.  25  a  representation  of  a  typical  night  minimum. 
This  effect  is  sometimes  very  marked  from  Telefunken 
stations.  Even  with  a  swing  reading,  a  very  distinct 
difference  of  note  will  often  be  obtained  at  the  positions 
A  and  B,  the  note  on  the  one  side  having  obviously 
fewer  harmonics,  i.e.  being  duller  in  sound,  than  the 
note  on  the  other  side.  This  again  adds  to  the  difficulty, 
and  the  reason  for  the  effect  is  not  at  all  obvious.  In 
England  and  France,  errors  on  swing  readings  on  spark 
stations  are  present  up  to  7°  at  night,  and  seldom  more, 
but  there  are  occasional  records  of  errors  greater  than 
this.  Eckersley's  results  in  the  East  indicate  much 
greater  changes  than  these  ;  he  has  told  me  that  at 
Salonica,  Sofia  would  sometimes  shift  through  go°. 

The  directions  change  fairly  rapidly  when  bad  night 
effects  are  present.  Two  or  three  degrees  in  a  minute 
would,  however,  be  considered  to  be  fast.  Nearly 
always,  but  not  invariablv,  night  \-ariations  are  accom- 
panied by  bad  minima. 


Fig.  25. 

(2)  Continuous  waves  give  much  greater  variations 
than  spark  waves,  and  with  them  it  is  quite  definite 
that  directions  are  seriously  wrong  even  when  the 
minima  are  extremely  sharp,  although  bad  minima  do 
occur  at  other  times.  Captain  West  brought  to  my 
attention  a  very  pretty  case  of  variation  wliich  indicates 
that  the  apparent  direction  is  a  function  of  the  wave- 
length. Horsea  arc  station  sent  its  Press  programme 
at  10  o'clock  nightly  during  parts  of  the  war,  and  it 
sent  with  a  spacing  wave  as  well  as  a  marking  wave. 
These  two  waves  sometimes  gave  two  directions  differ- 
ing by  30°,  each  wave  giving  a  perfectly  sharp  minimum. 
This  point  may  be  intimately  connected  with  the  results 
obtained  at  San  Francisco  by  Dr.  Lee  de  Forest  some 
years  ago  on  interference  effects. 

In  studying  night  effects,  continuous  waves  have  the 
advantage  in  that  no  annoying  change  of  note  takes 
place,  wliich  may  cause  a  doubt  as  to  the  exact  position 
of  the  minimum. 

(3)  There  is  no  strong  evidence  to  show  that  the 
night  variations  on  long  waves  are  greater  than  those 
on  short.  The  idea  we  obtained  was  that  this  was  the 
case,  but  this  may  have  been  due  to  the  shorter  dis- 
tances worked  over  on  the  short  waves,  and  also  to 
the  fact  that  the  amount  of  intervening  land  was 
smaller. 

{4)  In  England,  variations  from  east  to  west  are  cer- 
tainly greater  than  those  from  north  to  south,  but  I  do 
not  think  that  this  result  agrees  with  results  from  the 


East  and  from  America.  Malta  was  a  peculiar  station, 
which  in  England  apparently  never  varied  seriously. 

(5)  When  signals  come  over-sea  from  moderate 
distances,  and  practically  no  land  intervenes,  results 
are  then  the  most  reliable  and  can  be  relied  upon  for 
the  greater  part  of  the  time.  If,  however,  there  is 
land  anywhere  near  either  the  transmitter  or  the 
receiver,  or  between  the  two,  results  become  very 
troublesome. 

The  minimum  distance  at  wliich  night  effects  have 
been  noticed  in  England  or  France  is  about  15  miles. 

Captain  Tremellen  noticed  quite  early,  that  when  two 
transmitting  stations  with  differently  shaped  aerials 
were  side  by  side,  the  directions  obtained  at  night  by 
a  Bellini-Tosi  station  were  different. 

Moimtainous  country  between  stations  seems  to  give 
the  very  worst  night  effects,  and  I  should  think  that 
extremely  wooded  country  would  also  be  bad,  but  I 
have  no  evidence  of  this. 

Theories  of  night  effects. 

In  the  early  days  I  had  vaguely  in  my  mind  ideas  of 
refraction  and  reflection  in  the  lower  and  upper  layers 
of  the  atmosphere  which  thereby  produce  twisting  of 
the  wave  front.  I  had  also  the  idea  of  rotating  fields 
which  thereby  destroy  the  minimum.  Eckersley's 
theoretical  and  experimental  work  with  night  effects 
in  the  East,  and  with  aeroplanes — also,  quite  inde- 
pendently, Adcock's  work  in  France  on  aeroplanes — 
gave  a  clue  to  a  part  of  the  trouble  at  least.  These  two 
engineers  have  both  suggested  apparatus  which  should, 
when  developed,  improve  our  work  at  night.  I  will 
give  a  very  rough  sketch  of  this  important  work,  leaving 
it  for  them  to  give  exact  accounts  of  their  work  at 
another  time. 

It  was  noticed  that  when  Zeppelins  were  well  at  sea, 
night  errors  were  not  usually  serious,  but  aeroplanes 
nearly  always  gave  trouble.  Experiments  were  carried 
out  during  the  day  with  an  aeroplane  flying  at  varying 
heights,  and  at  different  angles  to  the  radius  from  the 
■receiving  station.  To  see  clearly  what  happens  in  this 
case,  firstly  it  must  be  remembered  that  the  aeroplane, 
being  small  and  ha\'ing  the  aerial  flying  out  backwards, 
does  not  usually  radiate  a  wave  in  which  the  electrical 
lines  are  predominantly  vertical  and  the  magnetic  lines 
horizontal.  If  this  vertically  polarized  radiation  only 
were  present,  a  receiving  loop  at  a  distance  would 
receive  no  signals  when  its  plane  was  at  right  angles 
to  the  direction  of  the  aeroplane.  If,  however,  the  aero- 
plane is  at  a  height  and  some  of  the  magnetic  field  of 
the  wave  reaches  the  loop  in  such  a  manner  that  it  is 
partly  vertical  in  one  plane  and  with  the  lines  leaning 
forward  towards  the  receiver  in  the  other  plane  (Fig.  26), 
a  current  will  be  induced  in  the  loop,  and  the  resultant 
zero  position,  if  the  frame  is  rotated,  will  be  produced 
by  the  sum  of  the  two  currents  due  to  this  effect  and 
that  of  the  vertically  polarized  wave.  It  is  very  notice- 
able that  the  error  produced  becomes  negative  instead 
of  positive  if  the  aeroplane  reverses  its  direction.  A 
horizontal  loop  will  receive  from  an  aeroplane  flying  at 
a  height,  on  account  of  this  twisted  field.  An  aeroplane 
fljing  towards  or  away  from  a  station  gives  no  error. 
All  the  above  were  daylight  results,  but  it  was  sug- 
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gested  by  Eckersley  that  this  aeroplane-  effect  was 
produced  at  night  by  the  reflection  from  irregularities 
in  the  Heaviside  layer,  and  there  is  good  evidence  that 
this  theon,-  is  true. 

Again,  a  horizontal  loop  receives  during  night  varia- 
tions, and  Eckersley  has  proved  experimentally  that 
the  strength  on  the  horizontal  loop  and  the  night 
variation  agree  with  the  theor\^  in  a  remarkable  way. 

In  the  later  stages  of  the  war,  night  errors  from  Gothas 


the  refractive  index  of  the  coasts  of  Palestine  and 
Cyprus,  this  being  checked  by  a  large  number  of  stations. 
This  I  will  leave,  together  with  his  night  measurements, 
for  his  own  pubhcation.  I  have  on  one  occasion  in 
the  afternoon  noticed  the  signals  from  Xauen  varj-ing 
fairly  rapidly,  but  as  Xauen  was  at  that  time  'wdthin 
an  hour  of  sunset  the  variation  may  have  been  a  case 
of  night  effect.  Hanover  at  the  same  time  was  per- 
fectly constant.     The  presence  of  hills  on  one  side  of 
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Fig.  26. 


were  extremely  troublesome,  the  only  satisfactory  times 
being  when  they  were  fljnng  either  towards  or,  preferably, 
away  from  the  observer. 

Daylight  Errors. 

Da^'light  errors,  aside  from  instrumental  ones,  were 
much  more  difficult  to  notice.  They  were  seldom  as 
much  as  the  possible  errors  of  the  instruments. 

Apparently  it  is  a  bad  thing  to  place  stations  on  the 
edge  of  high  chffs,  near  high  trees,  or  near  a  wood. 
One  station  on  the  edge  of  a  cliff  had  an  error,  as  far 


a  station,  even  some  miles  awa}-,  tends  to  give  bad 
daylight  minima  in  that  direction. 

In  connection  w4th  all  these  dayhght  errors  G.  M. 
Wright  has,  during  the  last  j'ear,  been  very  accurately 
investigating  the  more  minute  instrumental  errors 
which  occur,  and  the  probability  is  that  new  stations 
to  be  erected  in  the  future  will  much  more  definitely 
locate  these  errors  of  site,  daylight  variation,  and 
deflections  from  the  normal. 

WTien  one  examines  the  scale  of  a  direction-finder 
and  sees  how  small  a  thing  i  degree  is,  it  seems  almost 
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as  one  could  determine  it  from  check  bearings,  of  an 
apparently  complete  rotation  through  3  degrees.  By 
increasing  the  distance  of  the  station  from  the  chff 
edge  from  J  \  to  2  \,  the  error  was  completely  removed. 
Another  station,  also  near  a  cliff  edge,  gave  very-  curious 
results.  Directions  taken  of  certain  stations  which 
were  at  varying  distances,  but  wliich  were  approxi- 
mately in  the  same  direction,  gave  the  result  that 
directions  were  correct  for  certain  of  the  stations  but 
incorrect  for  the  others,  and  the  error  went  up  to  as 
much  as  10  degrees. 

Refraction  over  a  coast  fine  undoubtedly  exists,  and 
Eckersley  has  obtained   a  fairly  accurate  estimate  of 


impossible  that  the  accuracy  we  obtained  was  possible 
with  the  number  of  quite  big  errors  that  we  had  to 
correct  and  the  many  smaller  ones  we  could  not  disen- 
tangle. The  extent  to  which  direction-finding  was 
trusted  by  the  authorities  was  realh'  remarkable,  and 
I  can  instance  one  case  where  a  most  important 
event  in  the  history  of  the  British  Na\y  was  brought 
about  by  an  observed  motion  of  less  than  1^  degrees 
in  the  daytime. 

Practical  work. 

Groups  of  direction-finding  stations  were  erected  at 
various  places  on  our  coast  Une,  each  group  consisting 
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of  several  stations  serving  different  ranges  of  wave- 
length or  different  types  of  signals.  These  groups  were 
interconnected  with  each  other  and  with  Headquarters 
by  land  line. 

With  so  many  possible  errors  at  night,  it  was  never 
safe  to  have  only  two  groups,  in  fact  one  gained  a  false 
confidence  in  the  beautiful  intersections  made  by  using 
only  two  stations  and  only  had  occasional  shocks  when 
the  German  fleet  was  found  to  be  well  inland.  A  third 
station  enabled  one  to  know  much  more  definitely  if 
results  were  of  value,  and  I  personally  preferred  four, 
the  last  one  being  a  check  on  the  other  three. 

A  system  of  good  rapid  land-line  communication  to 
a  centre  was  very  essential,  and  our  Post  Office  in 
England  and  the  Army  authorities  in  France  did 
magnificent  work  in  this  direction. 

Besides  these  groups  of  stations,  many  single  stations 
were  erected,  particularly  for  submarine  work,  and 
very  valuable  results  were  obtained.  The  German 
submarines  were  fitted  with  powerful  spark  stations 
working  on  400  metres,  and  I  very  much  doubt  whether 
a  signal  was  ever  made  by  one  without  our  stations 
recording  the  position.  Of  course,  it  does  not  mean 
that  in  a  large  area  such  as  the  Western  Atlantic,  if 
we  know  the  position  of  a  submarine  we  can  sink  her, 
but  if  we  do  know  her  position  we  need  not  send  our 
convoys  near  to  her. 

In  the  Mediterranean,  which  was  a  great  hunting 
ground  for  submarines,  our  direction-finding  stations 
were  forced  to  use  a  system  of  wireless  intercommunica- 
tion, and  I  have  heard  the  story  that  one  Austrian 
submarine  requiring  her  position,  came  to  the  surface, 
sent  signals,  waited  for  us  to  give  her  position,  and 
then  thanked  us  and  again  submerged.  This  is  only 
to  indicate  the  danger  of  linldng  up  direction-finding 
stations  by  wireless  telegraphy. 

Short-wave  work  on  rotating  frames. 

The  BelUni-Tosi  system  is  undoubtedly  the  most 
rapid  and  accurate  method  of  taking  directions,  but 
many  troubles  were  experienced  when  we  began  to  need 
short-wave  direction-finders.  This  was  in  days  before 
the  cascade  amplifier  came  into  its  own.  For  short- 
wave reception  under  300  metres  it  was  necessary  to 
use  rather  large  rotating  frames,  and  only  just  as  the 
war  was  finisliing  were  we  able  to  tackle  waves  under 
200  metres  satisfactorily  on  the  Bellini-Tosi  system. 
The  mass  of  a  frame  will  always  be  against  the  use  of 
the  latter  for  good  work  because,  although  ultimately 
there  is  no  real  difference  between  a  rotating  frame 
and  a  BelUni-Tosi  in  accuracy  in  clear  places,  the  ability 
to  take  an  extremely  rapid  reading  makes  the  BcUini- 
Tosi  infinitely  preferable. 

With  a  frame,  the  balancing  troubles  do  not  occur, 
but  the  "  vertical  "  .error  is  just  as  bad  and  requires 
just  as  careful  attention.  In  consequence  of  the  balanc- 
ing trouble  on  short  waves.  Colonel  Blandy  erected  a 
large  number  of  frames  for  direction-finding  German 
aeroplanes  which  were  working  on  short  waves,  and  the 
work  done  by  these  stations  in  conjunction  with  the 
Flying  Corps,  nmst  have  had  no  inconsiderable  influence 
on  the  flying  side  of  our  campaign.  I  believe  that 
as  many  as   11    German   spotting-planes  were  brought 


down  in  one  week  due  to  the  intelligence  work  of  these 
stations. 

One  advantage  that  the  rotating  frame  had  to  some 
extent  over  the  Bellini-Tosi  was  the  rapidity  with  which 
it  could  be  erected  in  times  of  any  movement.  I 
rather  think,  however,  that  this  would  no  longer  hold 
with  the  modern  "  aperiodic  "  direction  finder. 

Further  Improvements. 

In  an  earlier  part  of  the  paper  I  have  indicated  that 
one  of  our  difficulties  was  rapid  searching  over  long 
ranges  of  wave-length.  The  first  real  solution  of  the 
problem  on  Bellini-Tosi  was  indicated  by  G.  M.  Wright 
in  1915,  who  suggested  that  the  aerial  tuning  condensers 
should  be  short-circuited  and  a  closer  coupling  made 
between  the  search  coil  and  the  aeiial  inductances.  A 
first  trial  of  this  method  resulted  in  serious  errors  and 
weak  signals.  I  revived  the  method  a  few  months 
later  for  continuous  wave  work.  It  was  well  known 
that  weak  continuous  waves  could  be  amplified  by  a 
low-frequency  amphfier,  whereas  a  high-frequency 
amplifier  was  necessary  for  spark  signals  on  account  of 
the  fact  that  a  rectifier  without  heterodyne  increases 
in  efficiency  with  increase  of  signals,  whereas  a  rectifier 
with  a  heterodyne  has  practically  a  constant  efficiency. 
Consequently,  with  continuous  waves  it  was  merely 
necessary  first  to  rectifj'-  and  heterodyne,  and  then 
low-frequency  amplify  to  the  extent  required. 

With  spark  signals  at  that  time,  aperiodic  cascade 
amplification  was  undeveloped,  and  the  cascade  tuned 
amplifiers  we  had  were  impossible  for  rapid  searcliing 
on  many  wave-lengths.  In  view  of  this  I  recognized 
the  possibilities,  for  continuous  wave,  of  Wright's 
form  of  aerial,  and  it  enabled  me  to  obtain  a  circuit 
with  only  one  condenser  to  tune — a  particularly  neces- 
sary condition  with  continuous  waves,  as  the  tuning 
is  so  fine. 

A  previous  trial  by  Wright  had  indicated  that  inde- 
pendent heterodyne  circuits  were  troublesome  on 
direction  finders  because  of  the  unequal  action  of-  the 
heterodyne  on  the  two  aerials.  Also  the  addition  of 
the  extra  heterodyne  condenser  reduced  the  simplicity 
of  the  one  condenser  circuit,  therefore  self-heterodjme 
circuits  were  adopted.  In  the  first  trial  of  this  system 
at  a  coast  station  I  at  once  noticed  again  very  serious 
errors  and  bad  minima.  This  turned  out  to  be  the 
"  Vertical "  in  a  greatly  exaggerated  form.  The 
reason  for  this  exaggeration  is  that,  as  the  frame  is 
now  untuned,  the  component  representing  the  direc- 
tional receptive  power  of  the  aerial  has  been  considerably 
reduced,  and  the  component  representing  "  Vertical  " 
reception  is  now  of  a  sufficient  relative  magnitude  to 
affect  materially  the  observed  direction.  A  simple 
solution  was  obtained  which  was  suitable  for  all  waves 
above  1,000  metres,  and  which  consisted  in  earthing 
the  mid-points  of  the  two  direction-finder  coils. 

The  minima  in  the  daytime  were  now  very  sharp 
and  the  directions  accurate.  With  only  slight  modifi- 
cations of  apparatus  this  remained  our  standard  con- 
tinuous-wave apparatus  during  the  remainder  of  the 
war.  This  was  also  the  basis  of  the  "  aperiodic  " 
spark  direction-finder  when  the  cascade  amplifiers 
were  produced  (Fig.  28). _ 


ROUND:   DIRECTION   AND   POSITION    FINDING. 


239 


Hard  valves. 

All  through  the  work  up  to  191 7  we  had  used  various 
forms  of  soft  tubes.  I  had  received  early  in  the  war, 
information  and  tubes  of  a  harder  character  from 
America,  but  we  could  not  use  these  as  we  had  erected 
such  a  high  standard  of  sensitiveness  with  the  soft 
valve  that  in  transferring  to  hard  valves  we  should 
have  lost  a  lot  of  useful  results.  We  did,  however, 
in  certain  cases  succeed  in  obtaining  fair  sensitiveness 
with  hard  tubes  by  the  process  of  stepping  up  potentials 
on  the  grids  to  the  maximum  possible,  and  bj'  paral- 
leling several  tubes. 

Cascade  amplifiers. 

However,  Lieut.  W.  J.  Picken  succeeded  in  June 
1916  in  getting  five  high-frequency  magnifications  on 
200  metres  by  tuned  circuits  with  much  harder  stable 
tubes,  and  he  obtained  such  extraordinary  magnification 
that  we  started  to  find  out  how  to  handle  these  circuits. 

One  form  of  circuit,  suggested  by  Russell  Clarke's 
multiple-tuning  circuits,  consisted  of  a  number  of 
circuits  loosely  coupled  together  with  all  the  tuning 
■variometers   moving   together.     The   initial   trouble   in 


Sufficient  ideas  were  now  in  hand  to  start  the  design 
of  a  cascade  ampUfier  for  short  waves. 

Latour's  ideas  had  produced  a  moderately  aperiodic 
amphfier,  but  the  magnification  was  still  short  of  the 
best  soft-valve  arrangements,  and  the  wave-length  was 
still  too  long,  especially  for  Army  purposes. 

The  Latour  amphfier  with  iron  transformer  depended 
for  its  quasi  aperiodic  curves  in  the  large  ratio  of 
L/C  given  by  iron-core  windings,  and  also  on  the 
damping  apphed  by  this  iron,  as  well  as  that  applied 
by  the  valves.  The  first  important  range  of  wave- 
length attacked  was  for  an  Army  amplifier  with  a 
range  of  from  250  metres  to  r.ooo  metres. 

We  soon  recognized  that  to  obtain  a  great  ratio  of 
L/C  the  iron  was  hardly  necessary,  as  coils  could  be 
wound  with  fine  wire  of  considerably  smaller  self- 
capacity  than  the  valves  and  leads. 

A  three-valve  cascade  amplifier,  built  with  fine  wire 
coils  of  one  layer,  gave  a  result  as  good  as  the  Latour 
amphfier,  but  the  addition  of  more  valves  at  once 
caused  serious  oscillations,  and  a  grid  potentiometer 
became  necessary  to  prevent  oscillations,  i.e.  to  give 
grid  damping  to  the  circuits.     Valves  were  then  con- 


E-irfh 


Fig.  28. 


tuning,  and  the  final  narrow  range  of  wave-length 
owing  to  reaction  oscillating  troubles,  made  the  gear 
only  possible  for  very  special  work. 

In  an  attempt  to  get  rid  of  the  reaction  trouble,  we 
gradually  recognized  that  the  real  solution  of  the 
problem  would  be  in  trying  not  to  get  too  much  magni- 
fication per  valve,  and  at  this  point  I  inserted  resist- 
ances in  all  my  circuits  to  damp  the  oscillations  out. 
The  French  modification  of  the  audion  was  by  that 
time  in  general  use,  and  the  French  had  already  con- 
structed resistance  cascade  amplifiers  for  long  waves. 

Any  attempt  on  my  part  to  construct  resistance 
amplifiers  failed,  and  the  reason  soon  became  obvious. 
For  waves  under  1,000  metres — and  we  had  no  li\dng 
interest  in  longer  waves — the  capacity  of  the  valves 
themselves  and  of  the  connections  to  them  formed 
an  impedance  which  was  lower  than  the  lowest 
resistance   that   gave   cascade   magnification. 

Colonel  Blandy  Idndlv  lent  me  a  Latour  transformer 
amplifier;  and  a  careful  study  of  this  indicated  that 
my  previous  cascade  ampUfier,  with  resistance  to  stop 
reaction,  was  the  right  thing,  but  it  had  not  been  taken 
far  enough. 


structed  with  more  open  grids  and  with  all  capacities 
cut  down  to  a  minimum,  and  with  these  valves,  four- 
valve  high-frequency  magnifiers  were  constructed,  with 
the  new  advantage  that  the  plate  potential,  o%ving  to 
the  more  open  mesh  in  the  valves,  was  reduced  to 
24  volts.  Still  the  aperiodicit^'  was  not  3'et  sufficient, 
and  the  magnification  required  was  present  over  a 
range  of  only  200  metres. 

The  copper  inter-valve  windings  were  now  replaced 
by  resistance  wire  wound  to  exactly  the  same  dimensions, 
which  wire  for  all  ordina^^•  work  consisted  of  No.  48 
"  Eureka."  The  set  now  allowed  of  the  use  of  six 
valves  plus  a  rectifier,  with  practically  no  adjustments 
and  a  flatness  of  tuning  which  was  almost  all,  if  not 
quite  all,  that  could  be  desired.  Ob\^ously  still  better 
results  would  be  obtained  by  still  greater  resistance 
in  the  coils  and  more  valves,  but  seven  valves  were 
considered  to  be  quite  enough  for  maintenance  of 
valves  and  valve  current. 

The  damping  appUed  by  the  resistance  was  now  of 
the  same  order  as  that  appUed  by  the  valves  them- 
selves, and  any  variations  in  valve  constants  were 
balanced,    so    that    one   no   longer   had   the   condition 
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given  by  copper  coils,  which  was  that  one  valve  would 
make  the  set  oscillate  and  another  would  not. 

A  further  set  was  made  up  from -400  metres  to  2,000 
metres  by  using  longer  coils,  and  the  much  more  difficult 
range  of  100-300  metres  required  by  the  Army  was 
then  attacked. 

The  coils  required  were  now  so  short  and  the  valve 
capacities  comparatively  so  much  more,  that  the 
damping  provided  by  the  No.  48  "  Eureka  "  wire  was 
insufficient  to  give,  without  the  sets  oscillating,  the 
required  magnification  and  range  of  wave-length. 

At  this  point  Messrs.  Edison  and  Swan  offered  to  draw 
nickel-chrome  wire  down  to  i  mil  in  thickness  for  me. 
The  resistance  of  tliis  wire  for  the  same  length  is  about 
3J  times  that  of  No.  48  "  Eureka."  This  was  very 
satisfactory  and  a  very  good  degree  of  flatness  was 
obtained  with  the  seven  valves  over  the  range  of  wave- 
length required. 

The  magnification  i?5  not  so  good  as  the  longer  wave 
sets,  but  it  was  a  very  great  improvement  on  anything 
hitherto  produced. 

Still  shorter  wave  sets  have  been  produced  with  this 
wire.  Of  course  the  shorter  the  wave-length  the 
narrower  the  range  which  can  be  obtained,  but  cascade 
sets  with  a  range  of  from  30  to  50  metres  can  easily 
be  produced  if  such  wave-lengths  are  ever  required. 

Using  this  wire  with  coils  wound  of  the  same  length 
as  the  first  amplifier  mentioned,  a  set  of  11  valves  has 
been  made  of  approximately  equal  sensitiveness  from 
250  to  10,000  metres  ;  the  higher  values  being  obtained 
by  using  the  resistance  potential  drop  across  the  coils, 
and  the  shorter  wave  magnification,  as  before,  being 
due  to  the  neutralization  of  the  capacity  effects  by 
the  inductance. 

Both  the  initial  and  maintenance  expense  of  such 
a  set  rather  prohibits  its  use  at  present,  and  actually 
such  a  range  of  wave-lengths  is  seldom  required. 

Many  sets  were  made  up  for  special  work,  a  standard 
set  of  II  valves  being  used  for  short  waves  in  which 
the  damping  of  the  vah'e  circuit  was  less  than  the 
extreme  values  used  above,  because  only  narrow  ranges 
of  wave-length  were  required.  Tliis  set  had  a  voltage 
ampUfication  at  200  metres  of  2,000  and  when  more 
magnification  was  required,  two  sets  could  be  loosely 
coupled  together  without  running  into  oscillation 
troubles. 

"  Aperiodic  "  aerial  spark  sets. 

"  Aperiodic  "  amplification  was  now  all  that  could 
be  desired,  a  rather  heavy  consumption  of  valves  and 
valve  current  being  the  only  disadvantages.  I  may 
mention  that  at  one  group  of  Naval  stations  a  pair 
of  7  h.p.  charging  engines  were  found  necessary,  and 
130  valves  were  running  continuously. 

Almost  at  once,  quick-search  one-condenser  aperiodic 
direction-finders  came  into  use  for  spark  waves.  I 
must  admit,  however,  that  an  operator  is  absolutely 
insatiable  with  regard  to  signal  intensity.  As  the 
"  aperiodic  "  aerials  gave  shghtly  weaker  signals  than 
the  tuned  ones,  although  these  signals  were  far  stronger 
than  those  given  by  the  old  gear,  one  usually  found 
the  operator  with  the  tuning  condensers  inserted  in  the 
aerial  in  order  to  get  the  last  fraction  of  signal  strength. 


With  the  introduction  of  the  "  aperiodic  "  direction 
finder,  we  found  that  direct  reception  on  any  of  the 
coils  in  the  receiver  was  introducing  slight  errors.  In 
the  case  of  the  search  coil  of  the  radiogoniometer,  this 
can  be  avoided  by  placing  the  radiogoniometer  in  a 
correct  position  on  the  table.  In  the  case  of  all  other 
coils,  it  is  avoided  by  metal  shielding. 

Fig.  28  shows  the  arrangement,  finally  arrived  at, 
of  the  spark-wave  direction-finder.  The  metal  shield 
inserted  between  the  windings  of  the  transformer  is 
an  effective  method  of  avoiding  "  vertical,"  except  on 
waves  under  400  metres,  when  in  addition  it  is  necessary 
to  earth  the  centre  of  the  aerial.  The  diagram  shows 
nine  valves  ;  six  of  these  are  for  high-frequency  magni- 
fication, the  seventh  for  rectification,  and  the  last  two 
for  low-frequency  magnification. 

Direction  finders  for  200  metres,  constructed  with 
II  or  22  valves  in  cascade,  enabled  us  to  watch  with 
ease  certain  "  buzzer "  intercoinmunicating  sets, 
and  this  with  no  more  error  than  on  the  longer 
wave  sets.  In  these  22-valve  sets,  11  valves  were 
connected  with  quasi  aperiodic  transformers,  a  loose 
tuned  coupling  was  then  inserted,  and  another  ii-valve 
set  added.  In  addition,  usually  one  or  two  low-fre- 
quency amplifiers  were  added  at  the  end.  I  measured 
the  total  high-frequency  magnification  at  about  500,000. 

I  stated  that  the  continuous-wave  direction-finder 
was  very  litle  changed  after  the  first  set ;  actually, 
however,  high-frequency  amplifiers  were  used  for  two 
reasons.  First,  a  self-heterodj'ning  cascade  amplifier 
is,  for  some  not  obvious  reason,  much  less  subject  to 
microphonic  noises  than  is  a  single  valve  ;  and  secondly, 
the  amount  of  continuous-wave  current  produced  in 
the  aerial  by  the  self-heterodyne  is  very  considerably 
less  in  the  case  of  a  cascade  amplifier  than  in  the  case 
of  a  single  valve.  This  enables  stations  quite  close 
to  one  another  to  search  over  overlapping  ranges  of 
wave-length   without   howling   at   one   another. 

Operators. 

A  curious  fact  in  connection  with  the  introduction 
of  the  fool-proof  direction  finder  was  that  the  operators 
were  rather  unhappy  with  them.  In  the  early  days, 
when  potentiometers,  resistances,  and  a  multitude  of 
condensers  had  to  be  adjusted,  time  passed  easily  on 
watch,  and  an  element  of  competition  entered  into  the 
game  as  to  who  could  get  the  best  valve  adjustments. 
Now  all  that  vanished  and  they  were  reduced  to  mere 
operators  again. 

I  cannot  say  too  much  for  the  high  standard  of  all 
the  operators  with  whom  I  came  into  contact.  The 
keenness  of  the  men  really  made  a  doubtful  art  success- 
ful. I  have  sat  through  a  busy  time  with  Zeppelins, 
and  watched  the  great  speed  at  which  the  men  took 
readings,  one  single  swing  being  sufficient.  With  my 
own  ear  trained  to  judge  signal  strength  and  equality 
I  could  never  criticize  their  readings. 

Some  of  the  men  showed  very  great  interest  in  the 
growth  of  the  subject  technically,  and  many  valuable 
suggestions  came  from  them.  Some  of  theiji  became 
excellent  amateur  mechanics,  and  two  in  particular 
made  for  me  all  the  original  cascade  amplifiers.  Others 
concentrated    on    Intelligence    work    and    gave    many 
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valuable    suggestions    as    to    what    further    work    we 
could  do. 

I  have  seen  it  stated  that  of  those  engaged  in  tech- 
nical work  in  the  war  there  are  many  who  would  like 
to  meet  their  opposite  numbers  in  the  enemy  camp, 
in  order  to  compare  notes.  One  general  feeling  amongst 
the  Naval  Intelligence  operators,  I  know,  is  to  meet 
the  one  operator  who  controlled  the  German  Zeppelins 
and  warsliips.  They  always  imagined  it  was  one 
particular  man  who  was  a  super-operator.  On  several 
occasions  wdth  g  or  lo  Zeppelins  in  a  raid,  all  frantically 
trying  to  communicate  with  home  for  bearings  or 
otherwise,  wireless  occasionally  got  into  a  horrible 
tangle.  At  that  moment  the  super-man  would  arrive, 
take  control,  and  in  a  twinkling  all  would  be  peace 
and  order. 

Maps. 

In  certain  side  lines  direction-finding  required 
investigation  work,  more  particularly  in  map  pro- 
duction. In  the  first  few  months  we  used  Mercator 
charts  with  great  circles  every  5  degrees  drawn  tlirough 
each  of  our  stations.  These  were  very  troublesome  to 
use.  A  great  improvement,  due  to  Lieut. -Colonel 
Simpson,  Captain  Edmunds,  Mr.  J.  St.  V.  Pletts,  and 
the  Royal  Geographical  Society,  came  when  map 
projections  commonly  called  "  gnomonic  projection  " 
were  produced  specially  for  our  work.  In  these  pro- 
jections, the  great  circles  are  straight  lines  and  directions 
are  correct  for  one  point  and  very  nearly  correct  for 
points  over  a  large  area. 

A  simple  way  to  consider  this  type  of  map  is  to 
imagine  the  shadow  thrown  on  a  tangent  plane  to 
the  globe  by  a  candle  at  the  centre  of  the  globe.  It 
can  then  be  seen  that  the  shadows  of  all  great  circles 
are  straight  lines  and  that  all  angles  at  the  tangent 
point  are  true.  .  With  the  aid  of  these  maps  and  various 
ingenious  strings,  springs  and  weights.  Headquarters 
could  keep  up  rapid  and  continuous  plotting  of  the 
tremendous  mass  of  direction-finder  readings  coming- 
in  during  busy  times  from  the  many  stations. 

If  .one  wanted  to  work  from  a  station  very  much 
away  from  the  tangent  point,  it  was  sufficient  to  have 
round  the  map  a  protractor  calculated  for  that  point. 
A  gnomonic  projection  of  Europe  is  shown  in 
Fig.   29. 

Atmospherics. 

An  interesting  side  line  on  direction-finding  work 
was  its  bearing  on  X-stopping.  I  can  give,  however, 
very  little  data  on  this  subject.  During  daytime,  on 
one  or  two  occasions,  the  positions  of  thunderstorms 
was  approximately  determined  and  checked,  but  this 
was  not  often  possible.  At  night  time,  particularly 
in  spring  and  autumn,  X's  exliibited  very  frequently 
— in  fact  most  of  the  time  in  England — a  sharp  direction 
which  varied  a  little  round  the  position  of  165°  E.  of  N. 

The  minimum  is  often  extremely  sharp,  exactly  like 
a  well-defined  station.  It  was  suggested — I  believe 
by  Mr.  Cave  of  the  Meteorological  Office,  Farnborough — 
that  this  direction  was  curiously  near  the  magnetic 
meridian  and  perhaps  it  may  be  possible  to  determine 
if    freak    signals,    and    consequently    X's,    have    more 


tendency  to  be  reflected  along  the  earth's  magnetic 
field,  by  the  Heaviside  layer.  Unfortunately,  observa- 
tions in  other  parts  of  the  world  are  not  yet  collected. 
We  were  able  to  use  tliis  direction  of  X's  for  inter- 
cepting purposes,  as  it  was  fortunately  almost  at  right 
angles  to  the  direction  of  the  Heligoland  Bight.  Signals 
on  a  vertical  aerial,  absolutely  inaudible  owing  to  X's, 
were  clear  w-ithout  X's  in  a  frame  roughlv  placed  at 
75°  E.  of  N. 

Frame  aerials. 

One  is  often  asked  about  reception  on  a  frame  aerial, 
what  circuits  should  be  used,  and  what  is  the  number 
of  turns  that  should  be  used  for  any  wave-length.  If 
the  frame  required  is  large,  and  if  it  is  proposed  to 
use  a  coupled  circuit  to  the  detector,  a  one-turn  frame 
is  as  good  as  anything  else,  pro\-ided  one  has  enough 
capacity  in  the  condenser  to  tune  it  up  to  the  necessary 
wave-length,  and  that  one  takes  care  of  the  resistance 
losses  of  the  wire  used  and  the  losses  in  the  condenser. 

If  the  frame  to  be  used  is  small,  very  often  the 
leading-in    wires  have  an  inductance  of  the  order  of 


Hh 


mmo 


Fig.  30. 


the  frame.  This  results  not  only  in  a  reduction  of 
signals,  but  in  a  diagram  of  reception  which  does  not 
agree  with  the  frame  diagram,  if  the  leading-in  wires 
enclose  an  area  which  can  receive.  Consequently,  in 
this  case  it  is  advisable  to  put  more  than  one  turn  on 
the  frame.  If  direct  reception  is  required  on  a  frame, 
and  this,  as  far  as  sensitiveness  goes  is  the  most  efficient 
method,  then  with  all  modern  amplifiers  with  a  non- 
conducting grid  circuit  the  frame  should  have  the  maxi- 
mum number  of  turns  and  the  smallest  condenser  wliich 
the  receiver  will  take.  Tliis  limit  is  usually  defined 
by  the  amplifier  oscillating  beyond  control. 

The  previously  mentioned  correction  for  "  vertical  " 
should  then  be  applied.  In  loose-coupled  circuits  most 
of  the  "  vertical  "  trouble  can  be  avoided  by  allow-ing 
the  aerial  only  to  induce  magnetically  on  a  few  turns 
inserted  in  the  transformer  secondary  between  the 
filament  battery  and  the  main  transformer  secondary. 

This  is  indicated  in  the  diagram  (Fig.  26),  where 
only  one  valve  in  the  amphfier  is  shown. 

Direction-finding  on  ships  and  aeroplanes. 

Quite  early  in  the  war  several  ships  of  His  Majesty's 
Navy  were  fitted  with  direction-finding  apparatus,  but 
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no  good  chance  to  investigate  errors  on  board  ship 
really  occurred  till  early  1918.  Even  before  the  war, 
it  was  well  recognized  that  there  was  a  tendency  to 
give  errors  which  crowded  the  readings  towards  a 
fore  and  aft  direction.  Mr.  F.  P.  Swann  in  a  visit  to 
the  Fleet  suggested  that  a  series  of  error  curves  on 
various  warships  should  be  obtained,  and  Commander 
Dorhng  of  H.M.S.  "  Warspite  "  succeeded  in  obtaining 
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Fig.  31  (c). 

a  very  large  number  of  readings  on  the  "  Warspite  " 
and  produced  an  error  curve.  I  append  this  curve 
(Fig.  31a).  The  crowding  of  all  the  readings  towards 
the  0°  and  180°  directions,  i.e.  fore  and  aft,  was  very 
troublesome  for  taking  readings,  and  we  decided  to 
attempt  a  modification  of  the  Bellini-Tosi  system  to 
correct  these  errors,  which  amounted  in  other  cases 
to    as    much   as    30°.      After    some    tests    I    produced 


a  modified  form  of  the  Bellini-Tosi  system  which  enabled 
me  to  correct  thesa  errors. 

Only  since  the  Armistice  have  I  had  an  opportunity 
of  trying  out  direction  finders  on  aeroplanes.  The 
four-engine  Handley-Page,  which  went  to  Newfound- 
land, was  fitted  with  an  extemporized  Bellini-Tosi, 
using  an  aerial  system  exactly  as  on  board  ship.  One 
aerial  was  lengthwise  round  the  wings,  and  the  other 
lengthwise  round  the  fuselage  (Fig.  32).  A  correction 
which  was  made  on  the  ground  was  found  to  hold  good 
when  the  plane  was  in  the  air.  An  eight-valve  long- 
wave amphfier  set  gave  very  satisfactory  signals. 
Magneto  noises  which  were  extremely  bad  owing  to 
the  large  number  of  magnetos,  were  overcome  by 
shielding  the  magneto  leads  and,  what  was  more  impor- 
tant still,  by  shielding  the  complete  receiver  system 
with  the  exception  of  the  aerials.  When  the  engines 
were  running  all  out,  almost  complete  silence  could 
be  obtained.  This  set  was  used  effectively  in  the 
flight  from  St.  John's  to  the  United  States,  during 
which  fl.ight  directions  were  taken  on  Clifden.  Similar 
machines  have  been  fitted  since,  and  the'  same  satis- 
factory results  obtained. 


Fig.  32. 

I  believe  the  chief  use  made  of  the  corrected  Bellini- 
Tosi  system  for  ships  was  in  convoy  work,  but  pre- 
viously the  Tenth  Cruiser  Squadron  and  other  ships 
had  used  it  during  cruising. 

All  this  later  work  on  sliips  was  done  with  Wright's 
inductive  loop  aerial  or  "  aperiodic  "  aerial,  and  Wright 
has  during  the  last  year  developed  an  extremely  small 
and  practical  ship  direction-finder  for  use  with  this 
type  of  corrected  frame  (Fig.  33).  It  is  intended  to 
apply  the  necessary  corrections  on  every  ship,  with 
periodical  examinations  of  the  corrections  when  the 
ship  is  in  port,  exactly  as  a  ship's   compass  is  treated. 

One  advantage  a  warship  has  over  most  merchant- 
men is  that  there  is  fitted  a  gyro  compass  with  repeater 
compasses,  one  of  which  can  be  near  the  direction- 
finder. If  no  gyro  compass  is  fitted,  the  exact  direction 
of  the  ship  is  extremely  difficult  to  get  simultaneously 
with  the  reading  taken  on  the  radiogoniometer,  especi- 
ally if  the  ship  is  turning  or  yawing.  A  useful  addition 
to  a  ship's  direction-finder  would  be  a  magnetic  compass 
repeater. 

Fig.  31a,  which  is  approximately  the  original  error 
curve  of  the  "  Warspite,"  was  obtained  on  a  Bellini- 
Tosi  system  consisting  of  two  frames  each  placed  at  45° 
to  the  fore  and  aft  hne  of  the  ship.  In  the  first  form 
the  shape  of  the  curve  was  rather  puzzUng,  because 
the  error  was  plotted  against  the  readings.  On  replot- 
ting  the  errors  against  the  true  directions  (Fig.  316), 
the  curve  became  a  sine  curve.  The  following  considera- 
tion may  indicate  how  this  error  arises  : — 
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Referring  to  Fig.  31c,  let  F  A  represent  the  fore  and 
aft  line  of  the  slup,  and  suppose  that  the  sliip  acts  as  a 
very  big  receiving  frame  placed  in  the  direction  F  A.  Let 
O  K  be  the  direction  of  signals  of  strength  B.  Then 
the  amount  of  current  induced  in  the  imaginary  ship 
frame  will  be  equal  to  A  B  cos  0.  Let  us  represent 
this  as  O  S.  If  O  R  represents  the  apparent  directions 
of  signals,  then  a  rotating  frame  will  have  to  be  placed 
at  right  angles  M  O  N  to  tliis  direction.  The  amount 
of  current  induced  in  the  frame  in  this  position  will 
be  zero,  and  will  be  equal  to  the  algebraic  sum  of  the 


Fig-  33- 

current  induced  in  the  frame  by  the  ship  and  that  by 
the  signal.     That  is  JMO  =  NO. 

MO  =  OS  cos  (SOM)  =  ABcosecos  {9o-{e~<l>)y 
=  ABcos9sin  (0  —  0) 

NO  =  OKcos(KON)  =  Bcos(90  — 0) 
=  B  sin  0 
k  B  cos  6  sin  (6  —  r^)  =  B  sin  ^ 

If  0  can  be  considered   small  with  regard   to   0,   then 
we  have 

A  sin  2^6=  <p 

That  is  the  error  is  proportional  to  sin  2  6,  which 
is  approximately  the  error  shown  by  the  curve. 

Conclusion. 

I  am  afraid  that  if  I  attempted  to  mention  the  names 
of  all  those  who  have  assisted  me  during  the  last  five 
years  either  directly  or  by  advice,  I  should  take  up 
a  large  portion  of  this  paper.  ]Howe\-er,  I  can  never 
forget  the  valuable  help  and  support  of  Colonel  Blandy, 
R.E.,  of  Captain  Slee,  R.N.,  of  all  the  Wireless  and 
Intelligence  men  at  the  War  Of&ce,  the  Admiralty, 
the  Signal  School,  the  Grand  Fleet  and  Queenstown. 
Also   to   my   own   assistants   at   different   times   during 


this  period,  Lieut. -Commander  W.  T.  Ditcham,  Captain 
Tremellen,  Lieuts.  G.  M.  Wright,  W.  J.  Picken,  J.  G. 
Robb,  G.  C.  Meikle,  A.  W.  Hall  and  Mr.  F.  P.  Swann. 


APPENDIX    I. 

The  action  of  a  wave  on  two  spaced  aerials  can  be- 
written  down  when  subtracted  as  : — 

sin^  (/-i  T  cos  0)- sin/)  (/  +  JT  cos  fl) 

where  T  is  the  time  taken  for  a  wave  to  travel  from 
one  aerial  to  another,  and  9  is  the  angle  between  the 
direction  of  the  wave  and  the  plane  of  the  two  aerials. 
This  is  proportional  to  cos  p  i  sin  (^  pT  cos  0) 

pT/2  =  2T  n  T/2  =  TT  T/T„ 

where  Tq  is  the  time  taken  for  a  wave  to  travel  one 
complete  wave-length. 

Sin  [tt  (T/To)  cos  tf]  is  equal  to  (tt  T/Tq)  cos  0,  if 
T  is  small  compared  with  To,  so  that  the  expression 
A  cos  p  t  cos  9  represents  for  a  small  frame  the  electro- 
motive force  induced.  The  phase  of  the  electromotive 
force  is  90°  away  from  the  phase  of  the  electromotive 
force  induced  in  one  aerial. 

With  a  frame,  the  effect  of  the  term  sin  [(77  T/Tq)  cos  6] 
being  different  from  [tt  T/Tq)  cos  0  if  the  frame  is  large, 
makes  no  difference  to  our  reading  of  the  minimum  of 
signals,  but  with  the  Bellini-Tosi  the  efiect  is  to  cause 
an  octantal  error. 

Thus  if  0  is  the  true  direction  with  regard  to  the 
phase  of  one  of  the  aerials  and  (p  the  error,  then 

sin  [(tt  T/Tq)  sin  0] 

tan  (e  +  <t,)=  --. — f. — ^r^-; ^ 

^        sm  [(tt  T/To)  cos  ff] 

tp  is  zero  for  9  =  o.  45°,  90°,  135°,  and  180°,  rising  to  a 
maximum  between  each  of  these  pairs  of  readings.  This 
error  is  actually  extremely  small  with  valves  of  T/T» 
up  to   i/io. 


APPENDIX  2. 

In  the  elementary  consideration  of  the  valve  as  aa 
amplifier,  it  simplifies  the  initial  considerations  to 
neglect  reaction  effects.  Grid  current  can  also  be 
neglected.  If  the  characteristics  of  a  three-electrode 
valve  are  drawn  out  (Fig.  34),  plotting  anode  current 
against  anode  volts,  a  set  of  characteristics  is  obtained, 
each  taken  at  constant  grid  volts. 

If  the  valve  is  inserted  into  a  circuit,  whatever 
happens  in  the  rest  of  the  circuit  the  valve  must  obey 
the  law  given  by  this  set  of  characteristics.  For  very 
small  amplitude  changes,  this  surface  can  be  repre- 
sented by  the  equation  : — 


■■ulr^+vlr^  +  K 


where  i  =  anode  current, 
M  =  grid  volts, 
1"  =  anode  volts. 
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K  may  bs  eliminated  by  a  suitable  shift  of  the  zero 
of  the  axes  to  O,  and  the  equation  then  becomes 

Let  an  element  of  the  resistance  amplifier  be  taken 
(Fig.  35) .  Then  in  the  anode  circuit  there  is  a  battery 
of  voltage  Vo,  and  also  a  resistance  R.  The  voltage 
across  the  resistance  rod  equals  (V,— t),  therefore 

t  =  (Vo-t')/R 

This  represents  a  straight  line,  which  is  shown  in 
Fig.  34-  If  again  the  zero  position  is  changed  to  O 
(Fig.  35),  then  i=  —v/R  is  the  equation  of  this  line. 

For  any  change  of  grid  volts,  it  is  now  possible  to 
read  oS  the  change  of  anode  current  and  anode  volts. 


,   Grid  volts 


Fig.  34. 

Instead    of   a    graphical   determination    the   solution 
may  be  obtained  as  follows  : — 


R' 

either  t  or  u  maj-  be  eliminated. 
Eliminating  i 


u        V 


V 

r' 


i<        V 


u 
or      =—rt 

V 


This  expression  has  its  smallest  value  when  R  =  co  . 
f  When   R  =  oo  ,    v/h  is    usually    called    the    voltage 
amplification  factor  of  the  valve  and  is  equal  to  rjvi. 

If  R  becomes  negative,  as  in  the  use  of  a  dynatron, 
and  R  =  — )-2,  then  v/it  becomes  infinitely  large. 

In  the  case  when  the  more  complex  general  circuit 
is  attached  to  the  valve  (see  Fig.  36),  if  jj,  i^,  and  i^  are 
the  three  currents  flowing  in  L,  C,  and  R  respectively, 
and  t  is  the  sum  of  these,  then 

M  V 

'  T  '2 


Let  t)  =  A  sin  p  t.     i-i  is  given  by  the  solution  of 

d  i 
L— '  +  Rzi  =  A  sin  p  t 


that  is 


:-A 


P>-3  sin  p  t~p  L  cos  p  i 


I' 


rX+p^  L" 


The  minus  sign  appears  for  the  same  reason  as  in  the 
simpler  resistance   case.     A   rise   of  volts  across    R   is 


zz\ 


— J— ^  I  I 


Fig.  35. 


Fig.  36. 

accompanied  by  a  drop  across  anything  else  in  series 
with  it. 

^  dv 
Also 


ij=— C—  ^—CKpcospt 


and 


V 

R 


A  sin  p  t 
R 


n       A  sin  *  t 
then    — !  =  — 

A  sin  *  f                                 A  f,  sin  *  <      A  i>  L  cos  p  t 
—  ^  -+CAp  cos  pt-] ^ L £ £_ 


R 


rl+p^V  rl+p^U 


u 
or 


Calling  the  ampUtude  of  «^A' 

This   general   formula    giving    A'/A    will    serve    to 
indicate  the  amplification  curves  of  three  cases  of  the 
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valve  amplifier,  the  figures,  however,    not  referring   to 
any  actual  case. 

(i)  Let  L  =  o  ;  C  =  io~" ;  R  =  oo  ;  fi^  20,000  ; 
j-j  =  20,000  ;   >'j=;3,3oo. 

This  is  the  case  of  a  resistance  amplifier  with  capa- 
city, due  to  valves  and  leads,  shunting  the  resistance. 

Curve  I  (Fig.  37)  shows  the  variation  of  A'/A  with 
wave-length. 

(2)  Let  L  =  i/22o;  C  =  io~";  R  =  oo  ;  >-j  =  20,ooo; 
>3  =  o;    )-j  =  3,300. 

This  is  the  case  of  an  inductance  with  capacity  and 
no  resistance  and  is  shown  in  Curve  2  (Fig.  37). 

(3)  Let  L= 1/220;  C  =  lo— ";  R  =  oo  ;  >-2  =  20,ooo; 
>'3:=20,ooo  ;  »-i:=3,300. 

This  is  the  case  of  an  inductance  wound  with  re- 
sistance wire  with  capacity,  and  is  shown  in  Curve  3 
(Fig-  37)- 


200 


600  1,000  i,-ioo 

Wdve-lengtli   in  metres 

Fig.  37. 


1,800 


\Miere  it  is  required,  the  amplification  can  be  kept 
up  on  the  shorter  wave-lengths  in  the  manner  shown 
by  Curve  3. 

The  curves  for  several  valves  in  cascade  can  be 
calculated  by  taking  the  new  amplitudes  and  applying 
the  formula  again  ;  or  merely  by  squaring,  cubing,  etc., 
the  first  curves  obtained. 

A  fair  agreement  can  be  obtained  between  experi- 
ment and  this  simple  theory,  if  during  the  experiments 
reaction  is  eliminated.  In  general,  for  spark  woik,  it 
can  be  assumed  that  full  reaction  multiplies  voltage 
magnification  by  7  or  8,  if  a  practical  adjustment  is 
all  that  is  permitted. 


APPENDIX    3. 

One  of  the  great  difficulties  during  the  war  was  the 
jamming  experienced  in  busy  times,  and  the  problem 
of  jamming-prevention  during  direction-finding  work 
is  not  at  all  the  same  as  jamming-prevention  during 
reception. 


If,  during  the  action  of  taking  a  swing  reading,  a 
strong  station  is  sending,  it  is  very  difficult  to  obtain 
the  necessary  balance  of  signal  strength,  as  the  jammer, 
being  in  another  direction,  exhibits  unequal  strengths 
at  the  two  swing  positions. 

A  little  was  done  with  note-tuning  by  means  of  a 
valve  reaction  circuit  tuned  to  the  Tclefunken  notes. 

However,  in  an  attempt  to  develop  one  method, 
another  was  developed  which  turned  out  of  great  use 
in  the  allied  work  of  interception,  and  it  will  probably 
be  of  use  to  describe  it  here. 

In  about  1910,  Mr.  C.  S.  Franklin  and  the  author 
devised  the  two  now  well-known  ways  of  limiting  strong 
signals. 

(i)  The  Fleming  valve  current  saturation  methcdj 
(2)  The  Fleming  valve  or  crystal,  balance  melhcd. 

Both  these  methods  depended  on  the  fact  that  signals 
of  equal  strength  do  not  necessarily  have  the  same 
maximum  voltages  or  currents  for  the  same  R.M.S. 
values  of  current. 

For  instance,  in  an  old-fashioned  spark  the  maxi- 
mum voltage  or  maximum  current  is  quite  large  com- 
pared with  the  R.M.S.  volts  or  R.M.S.  current,  whereas 
in  continuous  waves  the  maximum  voltage  and  current 
are  only  i'4  times  the  R.M.S.  value,  and  approaching 
this  in  the  case  of  a  Telefunken  spark. 

Taking   the    case   of  the  Fleming  valve  running  with 
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a  dull  filament,  the  maximum  R.M.S.  current  that  can 
pass  can  be  limited  to  the  strength  of  the  Telefunken 
spark.  Now  any  slow  old-fashioned  or  low-note  disc 
spark  will  obviously  be  proportionally  weakened  at  this 
value  of  filament  current  if  its  R.M.S.  value  of  current 
is  the  same  as  this  Telefunken  spark.  (As  a  matter 
of  fact  the  general  reduction  of  signals  was  more  than 
one  could  stand  for,  until  high-frequency  amplification 
was  introduced.) 

In  the  case  of  balanced  valves  or  crystals,  a  voltage- 
limiting  scheme  is  used,  but  in  this  methcd,  which  with 
crystals  was  difficult  to  work  but  very  gccd  when  ob- 
tained, a  new  effect  could  he  produced,  which  effect  was 
the  elimination  of  strong  signals  frcm  weak  ones,  both 
strong  and  weak  signals  being  on  the  same  wave-length. 

After  the  first  high-frequency  cascade  amplifiers  were 
produced,  Lieut, -Commander  W.  T.  Ditcham,  who  was 
in  charge  of  one  of  the  largest  group  of  stations,  under- 
took to  develop  a  simple  and  more  effective  balance  or 
saturation  device. 

The  result  was  so  simple  to  adjust,  and  so  ef.cctive, 
that  we  introduced  it  for  all  interception  work,  and  I 
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believe  a  good  many  ship  working  stations  used  it 
with  great  effect. 

Ditcham's  arrangement  consisted  in  duUing  down  a 
valve,  and  instead  of  working  at  the  rectifying  point, 
ha\'ing  a  potentiometer  which  controlled  the  character- 
istic from  end  to  end. 

He  then  found  that  with  a  particular  filament  brilli- 
ancy, at  one  point  on  the  potentiometer  one  station 
would  vanish,  and  at  another  point  a  different  station 
would  vanish. 

An     extremely    fine   potentiometer   adjustment    was 
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required  to  get  the  best  effects,  as  the  zero  point  ol 
two  stations  will  be  separated  by  as  small  as  i/iooth  of 
a  volt  charge  on  the  potentiometer. 

The  success  of  the  device  depended  on  plenty  of  high- 
frequency  magnification  before  rectification,  as  these 
special  points  on  the  rectifying  valve  were  rather 
inefficient  rectifiers. 

I  can  perhaps  explain  how  this  effect  occurs. 

Suppose  a  weak  Telefunken  station  is  being  received 
and  on  the  same  wave-length  a  strong  station  with 
preferably  a  lower  musical  or  unmusical  note  is  also 
being  received.  The  valve  is  dulled  down  to  a  value 
which  prevents  the  full  value  of  the  loud  station  current 
passing  through  the  valve. 

If  we  draw  the  characteristic  of  such  a  valve,  let  A  and 
B  be  the  two  maximum  rectifjdng  points.  Now  as  the 
strong  station  voltage  amplitude  is  at  least  from  A  to  B 


horizontally,  it  can  easily  be  seen  that  an  approximate 
zero  of  rectification  will  be  obtained  at  C  the  middle 
of  the  curve,  but  as  in  nearly  all  valves  the  curvature 
of  the  rectifjdng  point  is  not  the  same  at  A  and  B — the 
zero  rectifying  point  for  the  weak  signal  will  not  be  at 
C  but  at  some  point  D,  the  point  of  inflexion  on  the  curve. 
The  result  is  that  at  C  the  strong  station  vanishes  but 
the  weak  station  is  still  heard. 

Those    who    have     a     high-frequency     amplifier    of 

any    type,    preferably    with    inter-valve    transformers 

wound   with   copper   wire,    and   not   having   resistance 

rods    and   grid  leaks,  can  try  this,  as  alinost  any  three- 

I   or  two-electrode  valve  shows  the  effect. 

It  is  proposed  to  introduce  a  modification  of  this 
I  scheme,  even  simpler  than  the  above,  into  all  ship  re- 
'  ceivers  for  spark  work.  The  ampUfier  to  be  provided 
is  sufficientlj'  sensitive,  without  the  balance  scheme, 
that  ranges  are  increased  very  greatly  over  those  with 
crystals  only,  and  with  the  balance  scheme  the  sensi- 
tiveness is  about  that  of  a  crystal.  In  compensation, 
however,  by  the  adjustment  of  one  handle  one  is  able 
to  ehminate  jamming. 

This  scheme  enabled  us  to  use  note  tuning  much  more 
effectively,  for  the  signal  strength  was  then  not  sufiS- 
cient  to  set  our  note  reaction  circuit  oscillating  in  its 
own  period  for  a  relative!)'  long  time,  as  is  the  case  with 
strong  signals. 

We  have  noticed  that  the  scheme  is  extremely  effec- 
tive on  short  waves  for  wireless  telephony-,  for  in  such 
a  case  one  has  the  limiting  difference  between  sparks 
and  continuous  oscillations,  and  sparks  can  be  almost 
all  eliminated. 

Unfortunately,  I  cannot  say  that  its  use  is  of  equally 
great  value  for  long-wave  working,  for  with  long  waves 
there  is  not  such  a  big  difference  between  the  maximum 
and  R.M.S.  value  of  currents. 

The  above  saturation  t  alance  method  was  occasionally 
of  use  in  direction-finding  work,  but  its  use  was  not  at 
all  general  as  the  tendency  is  to  require  a  cuive  which, 
if  Enything,  exaggerates  the  cosine  diagram. 


Discussion. 


Admiral  of  the  Fleet  Sir  H.  B.  Jackson  :  The  diffi- 
culties experienced  in  classifying  errors  in  direction 
and  the  means  of  eliminating  them  and  correcting 
the  observed  bearing  are  not  the  least  interesting  items 
in  this  paper.  A  remark  on  page  237  personally  appeals 
to  me.  The  author  states  that  "  The  extent  to  which 
direction-finding  was  trusted  by  the  authorities  was 
reaUy  remarkable,"  and  he  instances  a  most  impor- 
tant event  in  the  history  of  the  British  Navy  brought 
about  by  an  observed  motion  of  less  than  li  degrees 
in  the  daytime.  I  think  I  may  say  we  trusted  him 
and  his  methods  because  we  soon  found  them  to  be  re- 
liable. The  trouble  and  intelligence  of  his  staff  reduced 
the  errors  to  a  minimum,  and  where  strategical  move- 
ments were  under  consideration  a  few  miles  of  error 
in  the  North  Sea  was  of  secondary  importance.  I 
think  it  may  be  of  interest  if  I  give  a  few  particulars 
about  the  case  quoted  in  his  paper,  as  it  is  really  known 
to  very  few.     We  have  heard  much  about  the  use  of 


direction-finding  for  minor  tactical  movements  of  all 
arms,  but  this  is  a  case  of  a  major  strategical  operation 
which  brought  about  the  historical  meeting  of  the 
British  and  German  Fleets  at  the  Battle  of  Jutland 
on  the  31st  May,  1916.  I  was  First  Sea  Lord  at  the 
time  and  so  was  responsible  for  the  disposition  of  the 
Grand  Fleet.  I  may  incidentally  mention  that,  in  spite 
of  other  statements  of  which  I  have  heard,  its  Com- 
mander-in-Chief (Lord  JeUicoe)  and  I  lived,  so  to  speak, 
with  the  object  of  bringing  off  such  a  meeting.  Our 
wireless  direction-finding  stations,  under  Captain  Round, 
kept  careful  and  very  intelligent  watch  on  the  positions 
of  German  ships  using  wireless,  and  on  the  30th  May» 
1916,  heard  an  unusual  amount  of  wireless  signals 
from  one  of  the  enemy  ships  which  they  located  at 
Wilhelmshaven.  This  was  reported  to  me  ;  the  time 
was  a  critical  and  anxious  one  in  the  war  and  I  had 
also  some  reasons  for  expecting  that  the  German  Fleet 
might  put  out  to  sea  during  the  week.     Our  Fleet  was 
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ready  at  short  notice  and  had  arranged,  unless  other- 
wise prevented,  to  put  to  sea  on  the  following  day  for  a 
sweep  of  the  North  Sea.  But  if  the  German  Fleet  got 
to  sea  first,  the  chance  of  a  meeting  in  waters  not  unfav- 
ourable to  us  was  remote  ;  our  object  was  to  try  to  get 
to  sea  before  or  shortly  after  the  Germans,  and  hitherto 
we  had  not  succeeded  in  doing  so.  Later  on  in  the 
afternoon,  it  was  reported  to  me  that  the  German  ship 
conducting  the  wireless  had  changed  her  position  a 
few  miles  to  the  northward.  Evidently  she  and  her 
consorts  had  left  the  basins  at  Wilhelmshaven  and  had 
taken  up  a  position  in  the  Jade  River  ready  to  put  to 
sea.  This  movement  decided  me  to  send  our  Grand 
Fleet  to  sea,  and  move  towards  the  German  Bight  at 
once  and  try  to  meet  the  German  Fleet  and  bring  it  to 
action.  This  they  did  with  their  usual  promptitude, 
and  the  result  was  the  famous  battle  of  Jutland,  and  it 
-was  indirectly  brought  about  by  the  careful  and  accurate 
work  of  Captain  Round  and  his  staff,  for  which  I  hope 
they  will  now  accept  my  belated  thanks  and  apprecia- 
tion. Their  work  is  not  ended.  Direction-finding  has 
come  to  stay  for  more  general  use  in  peace.  Errors 
are  being  eliminated  and  there  should  be  a  great  future 
fcefore  it,  especially  on  the.hnes  indicated  in  the  Press 
to-day  by  the  Admiralty  for  assisting  navigation  at 
sea  as  well  as  in  the  air. 

Squadron  Leader  J.  Erskine-Murray  :  There  is 
one  little  bit  of  ancient  history  that  I  should  like  to 
mention,  namely,  that  those  two  single  aerials  were  first 
iised,  as  far  as  I  know,  at  the  Haven  early  in  1899  when 
I  was  assisting  Mr.  Marconi,  probably  before  Mr.  S.  G. 
Brown  tried  it.  I  erected  them  in  order  to  minimize 
interference.  It  might  seem  rather  early  in  the  day  to 
•do  so,  as  there  were  only  two  stations  in  the  world  at 
the  time,  but  it  was  quite  obvious  that  interference 
was  going  to  be  a  trouble,  so  I  started  trying  to  get  out 
a  directional  transmission  method  and  used  two  aerials 
with  a  wire  connecting  the  bottoms  and  a  spark-gap 
in  the  middle.  Unfortunately  it  did  not  appeal  to  those 
in  charge  of  the  affairs  of  the  Company  at  the  time,  and 
I  was  criticized  severely  for  wasting  the  batteries.  That, 
was  the  end  of  the  attempt.  There  is  one  point  which 
is  strongly  emphasized  in  the  paper  itself,  namely,  the 
difficulty  of  the  conditions  which  surround  the  system 
known  as  the  Bellini-Tosi.  That  can  be  seen  in  the 
paragraph  on  "  Practical  question  of  readings,"  and 
indeed  throughout  the  paper.  The  author  mentions 
that  for  accuracy  the  radiogoniometer  has  to  be  placed 
in  the  right  orientation.  This  is  natural  because  it  is 
part  of  the  aerial  itself.  It  was  reasons  such  as  these 
that  made  those  of  us  who  were  in  the  Royal  Naval 
Air  Service  at  the  time  try  to  find  some  new  method 
which  would  be  more  suitable  for  use  in  aircraft.  '  In  the 
paper  the  author  refers  a  good  deal  to  "  obvious  ways  " 
and  "  simple  steps."  They  may  have  been  obvious 
ways  and  simple  steps  to  him,  but  in  many  cases  these 
things  are  not  quite  obvious  until  after  one  has  done 
them.  For  instance,  he  speaks  of  the  case  of  the  crossed 
coils,  which  are  rotated  to  get  equal  signals  in  the 
R.A.F.  sj'stem,  as  an  obvious  and  simple  step  from  the 
Bellini-Tosi.  It  does  not  seem  so  to  me,  and  perhaps 
he  will  let  us  know  when  publication  of  such  an  arrange- 
ment was  made.     Switching  over  from  one  coil  to  another 


or  reversing  an  auxiliary  coil,  as  is  done  in  the  R.A.F. 
system,  in  order  to  obtain  a  strong  signal  with  which 
to  work,  and  the  comparison  of  two  loud  sounds,  does 
not  seem  to  have  been  implied  in  the  Bellini-Tosi  patents 
at  all,  or  in  any  description  of  working  them.  The 
Air  Force  scheme  is  more  accurate,  I  think.  It  is 
a  little  slower  unless  one  uses  an  automatic  switch,  and 
then  the  time  is  practically  the  same.  With  the  actual 
R.A.F.  system  we  have  attained,  as  the  result  of  a  great 
many  observations,  to  an  accuracy  of  i^  degrees  in  the 
air,  which  means  a  great  deal  more  on  the  ground  ;  in 
fact,  we  have  at  present  got  sets  which  we  can  guarantee 
to  J  degree  on  the  ground.  I  do  not  say  that  with  this 
set  one  could  take  an  almost  instantaneous  bearing  at 
a  ground  station,  such  as  is  required  in  the  locating  of 
Zeppelins  and  submarines.  That,  no  doubt,  is  as  well 
done  as  it  could  be  by  the  system  with  which  the  author 
is  working.  I  note,  however,  that  the  author  says  that 
he  may  possibly  introduce  switching  in  the  future 
in  aircraft.  Most  of  the  errors  discussed  in  the  paper 
are,  as  the  author  points  out,  peculiar  to  the  Bellini- 
Tosi  method  and  do  not  apply,  or  apply  only  in  a  very 
limited  degree,  to  the  small  crossed  coils.  With  regard 
to  errors  due  to  non-vertical  wave  fronts,  waves  from 
an  aeroplane,  for  instance,  I  think  it  is  hardly  fair  to 
ascribe  the  whole  credit  of  their  explanation  to  Eckersley. 
Hack's  paper,  which  was  publislied  in  the  Annalen  der 
Physik  in  1908  and  which  was  abstracted  in  both  of 
the  later  editions  of  Zenneck's  book,  and  in  fact  in  my 
own  book  too,  shows  the  rotating  field  in  a  vertical 
plane  in  the  case  of  various  types  of  earth,  the  variation 
being  due  to  water  below  the  soil  at  different  depths. 
His  diagraqjs  show  that  the  wave  begins  with  a  voltage 
in  a  horizontal  direction  which  rotates  as  a  vector,  but 
every  wave  practically  produces  the  same  form  and 
therefore  an  aerial,  to  obtain  a  maximum  effect,  must 
be  parallel  to  the  axis  of  the  curve.  Tremellen's  results 
really  interest  me  more  than  anything  in  the  paper  from 
the  purely  scientific  point  of  view,  particularly  the 
result  in  which  he  describes  how  different  apparent 
directions  are  obtained  from  two  stations  transmitting 
from  practically  one  position  if  the  aerials  at  the  two 
stations  are  of  different  types.  Obviously  both  sending 
aerials  must  be  more  or  less  directive,  hence  I  think  we 
can  explain  the  result  by  suggesting  that  it  is  caused  by 
the  mutual  repulsion  of  the  lines  of  force  as  they  go  out. 
If  a  beam  is  sent  out  in  one  direction  there  is  repulsion 
between  the  lines  of  force  in  it,  thus  there  is  a  tendency 
for  them  to  spread  and  therefore  for  the  transmission 
of  energy  to  be  in  curved  paths  except  in  the  maximuni 
directions.  This  explains  why  two  different  directions 
are  obtained  from  the  two  different  sending  stations. 
It  would  also  explain  why  the  directional  effect  of  a 
transmitting  aerial  disappears  to  some  extent  at  great 
distances.  There  is  only  one  other  point  I  want  to 
mention  :  I  think  the  author  has  not  given  quite  enough 
credit  to  some  of  those  who  have  done  a  great  deal  of 
the  work  mentioned  in  the  paper.  For  instance,  the 
work  in  connection  with  magneto  noises  on  aeroplanes 
was  done  by  Professor  Townsend,  of  Oxford,  while  a 
lieutenant  in  the  R.N.V.R.  He  initiated  the  braiding 
of  cables,  and  the  rest  of  the  work  was  carried  out  by 
R.N.V.R.    officers   at   Cranwell.      I    do    not   think   the 
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author  has  done  justice  either  to  Professor  Townsend 
or  to  the  late  Mr.  Russell  Clarke,  whom  he  dismisses 
with  a  rather  disparaging  remark,  based  apparently 
on  the  performance  of  some  apparatus  which  does  not 
seem  to  be  Russell  Clarke's  own  apparatus.  Then 
there  are  the  R.N.A.S.  officers  who  evolved  the  direc- 
tion-finding system  which  made  direction-finding  prac- 
ticable in  aircraft,  and  lastly  Professor  Artom,  whose 
invention  is  said  to  have  been  misunderstood  because 
of  the  indefiniteness  of  his  description.  \\'ith  regard 
to  Professor  Artom,  I  suggest  that  the  indefiniteness 
possibly  consisted  in  the  fact  that  he  used  a  lot  of 
technical  terms  about  polarized  waves.  These  may  have 
been  rather  confusing  to  those  who  were  not  accustomed 
to  the  terminology  of  light.  There  is  one  point  I  should 
like  to  see  corrected  in  the  paper,  and  that  is  the  author's 
endorsement  of  the  claim  to  the  invention  of  the  radio- 
goniometer by  BeUini.  I  believe  the  author  must  have 
seen  Mr.  Bellini's  disclaimer  during  the  last  three  or 
four  weeks  in  the  advertising  pages  of  the  Electrician, 
and  also  the  statement  by  Professor  Artom's  agent  in 
the  issue  of  the  gth  January,  quoting  the  decision 
of  the  Italian  Courts— in  which  the  invention  of 
both  the  radiogoniometer  and  the  dirigible  triangular 
aerial  are  ascribed  to  Artom.  These  criticisms  of  the 
paper  do  not,  however,  affect  in  any  way  nij-  admiration 
for  the  remarkable  work  actually  done  by  the  author 
himself  and  the  thorough  and  interesting  manner  in 
which  he  has  described  it. 

Professor  G.  'W.  O.  Howe  :  Our  conception  of  the 
electromagnetic  waves  travelling  in  a  regular  manner 
over  the  surface  of  the  earth,  is  evidently  very  far  from 
the  truth,  and  it  is  very  disconcerting  and  disappoint- 
ing to  learn  that  direction-finding  must  in  many  cases 
be  treated  with  more  than  suspicion.  In  view  of 
angular  errors  of  30  degrees,  and  in  one  case  I  beUeve 
of  90  degrees,  mentioned  in  the  paper,  one  is  rather  sur- 
prised to  hear  what  Admiral  Jackson  has  just  told  us — 
that  the  Admiralty  began  to  move  the  Fleet  when  a 
German  ship  appeared  to  have  moved  a  few  miles  up 
the  river.  Evidently  they  had  great  faith  in  a  very 
small  angular  movement  in  that  case.  It  often  happens 
that  scientific  research  undertaken  with  one  definite 
object  leads  to  results  of  vast  importance  in  other 
and  unexpected  directions,  and  it  appears  to  me  that 
these  experiments  that  were  undertaken,  primarily 
with  the  object  of  direction-finding,  are  likely  to  prove 
very  useful  in  throwing  light  on  the  transmission  of 
electromagnetic  waves  around  the  earth.  The  papsr 
teems  with  suggestive  remarks  in  this  connection.  One 
of  the  most  bewildering  statements  in  the  paper  is  that 
the  direction  as  found  from  the  marking  wave  of  a 
continuous-wave  station  may  differ  by  as  much  as  30 
degrees  from  the  direction  as  found  from  its  spacing 
wave.  It  seems  very  difficult  to  think  of  a  possible 
explanation.  It  is  quite  apparent,  however,  that 
the  signals  that  one  receives  from  a  distant  station 
have  not  travelled  in  the  usually  accepted  regular 
way  over  the  surface  of  the  earth  to  the  station,  but 
that  they  have  been  transmitted  into  the  upper  atmo- 
sphere and  then  been  reflected  from  some  upper  con- 
ducting layer  or  refracted  in  passing  through  ionized 
strata.     These  upper  layers  seem    to    be  anything  but 
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plane  or  spherical ;  they  appear  to  be  very  irregular, 
with  the  result  that  reflection  takes  place  at  very  queer 
angles  ;  in  fact,  it  is  something  like  bUhards  in  three 
dimensions.  Like  Dr.  Erskine-Murray,  I  was  a  little 
surprised  at  the  way  in  which  the  author  dismisses 
the  Robinson  system  of  switcliing  over  two  coils  in 
series  that  was  developed  in  the  Royal  Air  Force.  I 
have  had  no  actual  experience  with  it,  but  I  was  under 
the  impression  that  it  represented  a  great  advance 
in  direction-finding,  and  I  look  forward  with  interest 
to  hearing  what  those  officers  have  to  say  who  have 
been  employed  in  the  development  of  that  system. 
In  connection  with  Fig.  23,  I  should  be  glad  if  the 
author  would  say  what  the  probable  accuracy  of  the 
individual  readings  is.  Within  a  few  minutes  the 
readings  varied  from  140  degrees  to  147^  degrees.  Is 
this  variation  quite  outside  the  range  of  instrumental 
errors  ?  If  those  readings  actually  represent  the 
direction  of  the  received  signal  at  the  station,  it  shows 
some  surprisingly  rapid  movement  in,  I  presume, 
some  ionized  upper  layer,  which  is  the  only  thing  which 
can  move  about  and  cause  such  changes.  Since  the 
meeting  I  have  learnt  that,  at  Washington,  the 
apparent  bearing  of  the  New  Brunswick  Station  175 
miles  away  sometimes  changes  at  sunset  and  sun- 
rise by  more  than  60  degrees  in  a  quarter  of  an  hour. 
In  a  paper  read  two  or  three  weeks  ago  before  the 
French  Societe  des  Electriciens,  I  notice  that  M.  Bril- 
louin  mentioned  that  at  a  French  direction-finding 
station  at  Briangon  they  always  located  the  Spanish 
land  stations  as  being  somewhere  in  the  ^Mediterranean. 
The  Pyrenees  in  between  cut  off  the  direct  transmission 
readings,  and  the  waves  received  were  the  ones  that 
had  gone  out  into  the  Mediterranean  and  up  the  Rhone 
Valley.  Direction-finding  over  a  stretch  of  land  which 
includes  mountains  is  obviously  impossible  under  these 
conditions.  In  the  third  paragraph  of  the  first  column 
on  page  224,  the  author  states  :  "  For  consideration, 
an  electrical  wave  can  be  divided  artificially  into  two 
components,  the  electrical  and  the  magnetic  com- 
ponents." I  see  from  a  statement  a  little  lower  down 
on  the  page  that  he  has  no  mistaken  ideas  about  the 
point,  but  I  think  the  statement  is  a  little  dangerous. 
There  are  so  many  people  who  calculate  the  eflect  on 
the  aerial  of  the  magnetic  component  and  then  of  the 
electric  component,  and  add  the  two  together.  At 
the  top  of  page  226  the  author  refers  to  a  leaky  dielectric 
or  condenser  ;  I  think  it  would  be  much  better  if  the 
word  "  imperfect  "  were  used  instead  of  "  leaky." 

Lt.-Col.  S.  C.  Wace  :  There  is  a  point  on  page  238 
which  I  think  might  be  subject  to  a  Uttle  explanation, 
where  the  author  states  that,  because  an  Austrian 
submarine  comes  up,  makes  signals,  gets  her  positioH 
and  then  goes  down  again,  it  is  an  argument  against 
linking  up  position-finding  stations  by  wireless.  As  a 
matter  of  fact,  what  happened  was  that  the  positions 
were  announced  in  plain  language.  There  were  reasons, 
which  I  need  not  go  into  here,  which  led  to  that 
announcement.  There  are  of  course  many  arguments 
for  using  wires  in  preference  to  wireless  for  Unking- 
up  stations,  but  we  could  not  help  using  wireless  in 
the  Mediterranean. 

Mr   J.  E.  Tay'cr  :    I  am  not  very  clear  as  to  hsw 

J7 


250 


ROUND:   DIRECTION   AND   POSITION    FINDING:   DISCUSSION. 


far  the  present  system  of  directional  wireless  with 
frame  aerials  is  an  improvement  on  the  original  Bellini- 
Tosi  system,  in  which  unclosed  aerials  are  used.  My 
small  experience  has  been  limited  to  the  original  Bellini- 
Tosi  system  with  unclosed  aerials,  and  I  found  in  that 
case  that  it  was  very  difficult  to  prevent  some  sort  of 
a  coupling  between  the  two  sets  of  aerials,  which  I 
rather  assume  would  give  rise  to  considerable  trouble 
in  practice.  Those  are  two  closely  tuned  circuits,  so 
that  a  very  slight  amount  of  coupling  between  the  aerials 
would  be  sufficient  to  upset  the  direction-finding.  Pre- 
sumably with  the  frame  aerial  that  difficulty  does  not 
exist  to  the  same  extent.  The  only  other  point  to  which 
I  want  to  refer  is  the  question  of  the  reflection  from 
the  supposed  ionized  layer  in  the  atmosphere.  I 
am  not  quite  prepared  to  admit  that  that  is  a  proved 
condition  yet,  but  if  reflections  are  caused  from  irregu- 
larities in  this  ionized  layer  which  give  rise  to  anomalies 
in  the  direction-finders,  surely  the  same  sort  of  irregu- 
larities or  anomalies  in  direction-finding  would  result 
from  reflections  which  undoubtedly  do  take  place  from 
■excrescences  on  the  surface  of  the  ground.  They  should 
act  in  a  similar  manner  to  excrescences  on  this  ionized 
layer,  and  these  should  usually  be  in  evidence  in  the 
daytime  as  well  as  at  night.  I  do  not  know  whether 
the  reflections  from  the  supposed  ionized  layer  are 
only  evident  at  night.  It  is  a  point  of  considerable 
theoretical  interest,  and  if  any  further  information 
can  be  given  I  should  be  very  glad  to  hear  it. 

Major  C.  E.  Prince  :  As  a  more  or  less  impartial 
observer  perhaps  I  should  like  to  say  a  few  words  on 
the  point  Dr.  Erskine-;\Iurray  raised  as  to  why  the 
R.N.A.S.  system  of  switching-over  has  not  been  given 
the  attention  it  deserves.  It  came  before  me  when  I 
was  at  Biggin  Hill,  and  I  had  to  form  an  opinion  on 
it.  It  seems  to  me  an  excellent  system  in  its  way, 
and  it  has  a  field  of  usefulness  under  certain  conditions, 
but  it  has  the  inherent  defect  of  four  points  of  ambiguity. 
When  it  was  introduced  it  was  apparently  thought, 
«ven  by  the  inventors  themselves,  that  they  were 
actually  finding  directions  on  a  maximum,  but  it  was 
pointed  out  by  Dr.  Widdington  and  others  that  they 
were  actually  determining  the  direction  by  the  ordinary 
minimum  method  of  a  coil  at  right  angles  to  the  arriving 
signal,  but  superimposing  upon  this  a  constant  signal, 
since  the  change  on  the  frame  in  the  direction  of  the 
signal  is  so  small  within  the  small  limits  of  a  searching 
movement  that  we  may  call  it  a  constant.  Therefore 
it  comes  practically  to  this  :  a  constant  signal  super- 
imposed upon  the  change  which  is  foimd  by  the  ordinary 
minimum  method.  The  whole  problenr  resolves  itself 
mainly  into  a  psychological  one  of  whether  the  operator 
finds  it  easier  to  compare  two  signals  thus,  or  by  swinging 
over  the  zero. 

Mr.  J.  St.  V.  Pletts  :  We  seem  to  have  heard  rather 
more  of  the  defects  of  the  direction-finder  than  of  its 
merits,  and  I  should  like  to  draw  attention  to  one 
paragraph  which  is  a  distinct  triumph  for  it.  The 
author  says  :  "  The  German  submarines  were  fitted 
with  powerful  spark  stations  working  on  400  metres, 
and  I  very  much  doubt  whether  a  signal  was  ever  made 
by  one  without  our  stations  recording  the  position." 
I  think  that  is  something  to  be  proud  of.     The  author 


referred  to  the  part  I  took  in  the  production  of  the  maps 
which  were  used  for  plotting  the  results  obtained  from 
the  direction-finders.  I  have  pointed  out  elsewhere* 
that  the  gnomonic  projection  to  which  he  refers  is  not 
the  best  for  this  purpose  unless  there  are  more  than  two 
stations  from  which  the  results  have  to  be  plotted. 
The  gnomonic  projection  has  three  advantages.  In  the 
first  place,  all  straight  lines  on  the  map  represent  great 
circles  on  the  sphere  ;  or  in  a  single  word,  it  is  ortho- 
dromic. In  the  second  place,  it  gives  true  directions 
from  one  point ;  or  is  azimuthal.  And  in  the  third 
place,  as  has  been  shown  by  Dr.  Eccles,t  it  is  possible 
to  get  true  distances  from  it  by  a  comparatively  simple 
graphical  method.  I  think  the  azimuthal  property 
looks  a  good  deal  better  than  it  really  is,  because,  except 
for  places  in  the  vicinity  of  the  tangential  point,  it  is 
essential  for  accurate  results  to  draw  a  protractor  round 
each  place  ;  and  if  protractors  have  to  be  drawn  it 
does  not  much  matter  if  they  vary  considerably  from 
equal  divisions.  Therefore,  unless  the  ability  to  get 
distances  from  the  chart  is  essential,  the  only  property 
of  the  map  which  is  really  important  for  this  purpose 
is  its  orthodromism  ;  and  that  property  is  not  solely 
confined  to  the  gnomonic  projection.  Whenever  a 
wireless  map  is  required  of  a  long  thin  strip  of  territory, 
the  distortion  at  the  ends  becomes  very  considerable 
with  the  gnomonic  projection,  and  I  think  it  is  much 
preferable  if  the  scale  of  the  map  at  right  angles  to  the 
length  is  magnified  so  that  the  distortion  is  reduced. 
Tlie  author  points  out  that  if  a  light  be  placed  at  the 
centre  of  a  transparent  earth  one  gets  on  a  screen  the 
gnomonic  projection  ;  but,  if  that  screen  is  replaced 
by  a  lens  which  converts  the  divergent  beam  of  light 
into  a  parallel  beam,  we  can  get  a  magnification  in  one 
direction  by  placing  our  screen  obliquely  in  the  parallel 
ray  of  light.  The  map  so  obtained  is  of  course  neither 
gnomonic  nor  a  projection,  but  it  is  orthodromic,  and 
therefore  it  is  quite  as  useful  for  direction-finding  pur- 
poses when  once  it  is  provided  with  the  proper  pro- 
tractors.. In  short,  the  gnomic  projection  is  only  a 
particular  case  of  a  large  family  of  orthodromic  maps, 
and  it  is  orthodromism  that  we  really  want.  I  have 
often  wondered  how  the  word  "  gnomonic  "  came  to 
be  used  in  this  particular  sense,  and  although  the  ex- 
planation recently  given  me  by  a  draughtsman,  that 
it  was  somehow  derived  from  the  word  "  goniometric," 
may  not  be  the  right  one,  it  is  as  good  as  any  I  know. 

Captain  C.  T.  Hughes  :  The  development  of  the 
wireless  direction-finder  must  have  been  hampered  at 
times  during  the  war  by  the  fact  that  publicity  would 
have  been  fatal  to  its  chances  of  success.  This  was 
particularly  the  case  when  the  organization  for  dealing 
with  hostile  artillerj'  aeroplane  wireless  was  being  built 
up.  The  author  refers  to  the  work  done  by  the  rotating- 
frame  direction-finders  in  dealing  with  hostile  artillery 
machines.  I  am  afraid  the  early  work  of  these  frames 
rather  endangered  our  friendly  relations  with  the  Royal 
Flying  Corps  pilots.  It  was  a  little  unnerving,  too, 
in  those  days,  to  find  enemy  stations  apparently  start- 
ing up  work  in  our  own  lines.  These  little  difficulties  did 
not  help  to  create  that  atmosphere  of  perfect  confidence 
in    the    wireless    direction-finder    so    necessary    to    the 

*    Wireless  Worki,  vol.  7.  p.  63. 

t  "  The  Vear-Book  of  Wireless  Telegraphy  and  Telephony,"  1919,  p.  906. 
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development  of  the  work.  However,  time  proved  the 
value  of  the  wireless  bearings,  and  then  opinions 
changed.     I  am  glad  to  see  that  the  author  pays  a  high 

■tribute  to  the  operators.  They  did  their  work  under 
great  difficulties,  and  it  is  largely  due  to  their  keenness 
that  the  results  were  so  excellent.  The  jamming  during 
a  Zeppelin  raid,  or  later  on  in  the  war  when  the  enemy 
trench  wireless  stations  were  numbered  in  hundreds, 
was  something  to  try  the  finest  operators.  I  see  the 
author  mentions  sunset  errors.  Captain  Tremellen's 
curve  showing  the  variation  in  KAV's  bearing  at  sunset 
is  very  interesting.  It  confirms  to  some  extent  a 
general  impression  I  had  about  that  time,  that  the 
bearings  on  a  station  situated  to  the  east  of  the  direction- 
finder tend  to  swing  towards  the  south  during  the 
period  of  sunset  error.  I  rather  think  the  reverse  was 
the  case  at  sunrise.  It  would  be  interesting  to  know 
if  this  has  been  confirmed  by  other  obser^^ers.  I  believe 
that  during  some  recent  tests  in  France,  on  transatlantic 
transmission  from  Annapolis,  there  was  a  marked 
tendency  for  the  beajings  to  swing  towards  the  north 
when  sunrise  occurred  at  the  receiving  station.  The 
author  says  that  the  fact  of  a  regular  variation  at  sunset 
is  not  yet  definitely  estabUshed.  For  some  three  months 
past,  working  at  Woolwich,  we  have  noticed  that  bear- 
ings begin  to  go  fiat  about  30  minutes  before  sunset. 
At  sunset  the  minimum  may  sharpen  up,  but  bearings 
will  be  wTong  during  a  period  of  perhaps  10  minutes, 
and  from  that  time  until  about  an  hour  after  sunset 
they  often  go  flat  again.  Most  of  our  observations  have 
been  taken  on  wave-lengths  below  2,000  metres,  and 
unfortunately  we  have  not  been  able  to  keep  regular 
watch,  but  I  think  it  will  be  found  that  the  sunset 
variation  is  present  on  almost  any  evening  at  this  time 
of  the  year,  though  the  magnitude  of  the  change  varies 
greatly  at  different  stations.  I  know  that  the  sunrise 
effect  \vith  KAV  was  repeated  every  morning  at  dawn 
in  the  spring  of  1915.  An  important  point  we  have 
noticed,  but  one  which  needs  confirmation,  is  that  the 
sunset  variation  appears  to  be  less  marked  on  a  small 
frame  than  on  a  BeUini-Tosi  aerial.  We  have  kept  simul- 
taneous observations  on  a  frame  aerial  6  feet  by  4  feet, 
and  on  a  Belluii-Tosi  untuned  aerial  on  a  50  ft.  mast 
200  yards  away  from  the  frame.  The  wave-lengths 
received  were  between  600  and  2,000  metres,  and  we 
have  frequently  noticed  that  it  was  possible  to  get  a 
sharp  zero  on  the  frame,  while  bearings  taken  on  the 
goniometer  were  flat.  I  put  this  forward  with  some 
diffidence,  as  we  have  not  been  able  to  carry  out  con- 
tinuous nightly  observations,  and  the  case  is  complicated 
by  the  fact  that  individual  stations  often  vary  rapidly 
during,  say,  a  quarter  of  an  hour,  but  it  raises  the 
question  as  to  whether  the  large  Bellini-Tosi  aerial  may 
be  more  subject  to  night  effect  than  the  small  frame.  I 
should  be  very  glad  to  hear  the  author's  views  on  the 
point.  With  regard  to  variation  on  Horsea's  bearing, 
I  have  used  the  harmonics  of  Horsea  quite  a  lot  lately 
for  check  bearings  at  night,  but  have  never  noticed 
much  variation  in  its  bearing  on  tuning  to  the  different 
harmonics — at  any  rate,  not  more  than  two  or  three 
degrees.  _What  is  very  noticeable,  however,  is  that  the 
minimum  on  some  of  the  harmonics  is  flatter  than  on 
the  fundamental.     The  author  will  remember  the  Ger- 


man control  station  DK,  which  worked  on  a  number 
of  waves  between  600  and  2,000  metres.  I  think  its 
bearing  did  not  vary  more  than  about  2  or  3  degrees 
over  this  range  of  wave-lengths,  unless  there  was  a  bad 
night  effect  on.  I  am  inclined  to  think,  from  some 
occasional  bearings  that  I  have  taken  lately,  that  the 
night  effect  may  be  just  as  bad  on  short  waves  as  on  long 
waves  when  we  deal  with  distant  stations.  I  can 
confirm  the  author's  observ^ations  as  to  the  effect  of 
wooded  country-.  Some  of  the  worst  night  bearings 
we  ever  had  on  short-range  stations  were  taken  on  one 
of  our  stations  working  in  the  French  Unes  in  densely 
wooded  country,  though  the  direction-finder  had  half 
a  mile  of  clear  ground  round  it.  Some  recent  experiments 
by  the  French  Xaval  authorities  support  the  author's 
e.xperience  with  direction-finders  placed  on  a  hill.  They 
tend  to  show  that  the  variation  in  bearings  set  up  by 
the  formation  of  the  hiU  is  very  marked  in  the  case  of 
a  small  frame  aerial  and  is  apparently  a  function  of 
the  wave-length.  The  position  of  the  frame  on  the 
hill  seems  to  be  very  important,  a  movement  of  20 
yards  or  so  being  sufficient  to  cause  a  large  change  in 
the  refraction.  The  author  suggests  that  the  mass  of 
a  rotating  frame  will  always  make  it  difficult  to  use  for 
very  rapid  work.  I  agree  that  the  Bellini-Tosi  gonio- 
meter is  the  most  convenient  instrument  for  snatching 
a  quick  bearing,  but  the  development  of  the  multi-valve 
amplifier  has  made  the  production  of  very  light,  small 
frames  a  practicable  proposition.  A  well-designed 
frame  2  ft.  square  with  the  moving  parts  mounted  in 
ball  races,  can  be  handled  as  rapidly  as  working  opera- 
tions are  likely  to  require,  and  such  a  frame,  with  a  10- 
valve  amplifier,  has  an  effective  range  on  ship  stations 
of  250  miles.  In  point  of  accuracy  it  is,  I  think,  inferior 
to  the  Bellini-Tosi  system  to  the  extent  of  a  degree  or  so 
in  observed  bearings,  but  we  have  used  frames  2  ft. 
square  as  standard  equipment  for  some  time,  and  have 
had  no  difficulties  on  the  score  of  rapid  manipulation. 
The  introduction  of  the  aperiodic  BeUini-Tosi  set  marked 
a  great  step  forward  in  point  of  ease  of  handling,  but  it 
stQl  takes  almost  as  long  to  lay  out  the  aerials  and  erect 
the  mast  as  in  the  case  of  the  old  tuned  set.  In  my 
opinion,  the  choice  of  systems  depends  largely  on  what 
the  station  is  wanted  for.  If  a  direction-finder  is  re- 
quired to  be  moved  rapidly  from  place  to  place,  as  in 
military  work,  then  I  think  the  frame  is  the  better  of 
the  two.  The  great  drawback  to  the  direction-finder 
sets  during  the  war  was  that  they  were  not  mobile, 
and  there  were  many  occasions  when  we  would  have 
been  prepared  to  sacrifice  extreme  accuracy  in  order  to 
get  going  with  some  sort  of  direction-finder  capable 
of  being  erected  anjnvhere  and  set  working  in  a  few 
minutes. 

Lt.-CommanderW.  T.Ditcham  :  Having  been  con- 
nected with  the  working  of  the  direction-finding  stations 
of  the  Admiralty  from  their  commencement,  I  had  the 
fullest  opportunity  of  observing  the  results  obtained 
under  aU.  conditions  for  several  years,  and  I  know  very 
well  the  difficulties  that  were  encountered  and  had  to 
be  overcome,  but  the  final  result  was  such  that,  in  my 
opinion,  the  wireless  direction-finder  was  one  of  the 
great  technical  successes  of  the  war.  There  is  only  one 
point  in  the  paper  on  which  I  should  like  to  take  issue. 
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The  author  states  that  continuous-wave  signals  at  night 
have  the  advantage  over  spark  signals  for  direction- 
finding  purposes  in  that  they  do  not  suffer  from  a  change 
of  note  on  the  two  sides  of  the  minimum  position.  I 
do  not  think  that  statement  is  universally  correct.  I 
have  distinct  recollections  of  the  despairing  looks  on  the 
operators'  faces  caused  by  efforts  to  equalize  the  strength 
of  two  quite  differently  pitched  notes  when  swinging 
the  search  coil  through  zero,  and  these  unaccommo- 
dating signals  emanated  from  certain  arc  transmitters 
at  night  time,  ranging  in  wave-length  from  about  i,8oo 
to  3,000  metres.  jMy  own  experience  has  been  that 
night  effects  of  every  kind  are  more  pronounced  with 
continuous  than  with  damped  wave  signals. 

Captain  J.  Robinson  :  This  paper  constitutes 
perhaps  the  most  complete  account  of  directional 
wireless  that  has  so  far  been  published.  The  author 
does  not,  however,  do  justice  to  the  R.A.F.  system, 
which  consists  of  the  use  of  two  coils  at  right  angles, 
one  being  placed  on  its  maximum,  and  the  other,  with 
a  reversing  switch,  on  its  minimum.  When  the  coils 
are  set  accurately,  the  reversal  of  the  minimum  coil 
produces  no  change  in  intensity  of  signals.  The  author 
states  that  this  system  is-  really  equivalent  to  the  case 
of  two  coils  with  a  change-over  switch  from  one  to  the 
other.  This  is  not  the  case,  and  the  distinctions  are 
most  easily  seen  by  reference  to  aircraft  working, 
as  the  R.A.F.  system  was  developed  specially  for  this 
purpose.  The  first  problem  in  applying  directional 
wireless  to  aircraft  was  to  enable  an  aeroplane  to  head 
towards  a  wireless  station.  This  was  very  difficult  by 
a  single  minimum  coil  athwartships,  because  the  region 
of  the  minimum  0:1  an  aeroplane  is  widened  by  external 
noises  and  magneto  disturbances.  The  R.A.F.  system 
enables  one  to  use  a  coil  as  a  maximum  coil,  i.e. 
in  the  fore  and  aft  line,  and  accurately  to  determine 
this  maximum  by  means  of  the  minimum  coil.  This 
is  quite  distinct  from  the  case  referred  to  by  the  author 
where  two  coils  are  placed  at  equal  angles  from  the 
maximum  of  each.  Another  point  in  which  the  system 
differs  from  the  two  aerials  mentioned  in  the  paper, 
is  that  the  sensitiveness  of  the  syste:n  is  under  control 
by  altering  the  ratio  of  the  sizes  of  the  two  aerials. 
There  can  be  no  question  in  the  R.A.F.  system  as  to 
whether  one  is  on  a  maximum  or  a  minimum  of  the 
main  coil,  since  one  commences  by  determining  roughly 
the  maximum  of  the  mail  coil,  any  subsequent  move- 
ment from  this  being  small.  An  optical  analogy  of  the 
difference  between  the  minimum  system  of  direction- 
finding  and  the  R.A.F.  system  has  been  suggested.  The 
minimum  system  can  be  compared  with  the  use  of  a. 
simple  Nicol  prism,  whilst  the  R.A.F.  system  can  be 
compared  with  the  half-shade  polarimeter.  With  regard 
to  night  variations,  I  have  never  observed  errors  as 
large  as  30  degrees  with  small  frame  coils.  Errors 
certainly  do  exist,  but  it  is  still  doubtful  as  to  whether 
all  instrumental  errors  have  been  overcome.  It  is 
possible  that  the  size  of  the  aerials  may  have  some- 
thing to  do  with  the  amount  of  recorded  variations. 
Again  with  regard  to  continuous-wave  variations, 
my  experience  has  been  that  unless  great  care  is 
taken,  large  errors  are  obtained  which  are  not 
variations  of  bearings.     Some  information  that  should 


be  carefully  studied  in  connection  with  continuous- 
wave  direction-finding  is  contained  in  a  paper  by 
Armstrong*  on  the  amplification  of  heterodyne  signals. 
He  shows  that  the  amplification  depends  very  consider- 
ably on  the  relative  strengths  of  the  incoming  waves 
and  the  heterodyne  oscillation.  In  the  case  of  the  fixed 
aerials  using  a  radiogoniometer,  if  a  self-heterodyne  is 
used  the  aerials  will  absorb  energy  from  the  heterodyne 
and,  unless  extreme  care  is  taken,  the  amount  of  energy 
absorbed  will  depend  on  the  position  of  the  moving 
coil  and  the  radiogoniometer.  Thus  the  amplifying 
power  of  the  heterodyne  will  vary  with  the  position  of 
the  moving  coil.  The  reference  in  the  paper  to  the 
radiophares  is  very  interesting  as  showing  that  night 
variations  are  also  observed  with  such  a  system.  How- 
ever, for  purposes  of  navigation  such  a  system  has  great 
advantages  over  the  system  where  each  aircraft  or  ship 
has  its  own  direction-finding  gear.  One  of  the  chief 
reasons  for  this  is  that  the  taking  of  bearings  will  be 
very  much  simplified.  Again,  on  any  occasion  where 
night  variations  are  bad,  check  stations  can  be  made  use 
of  to  discover  this  and  so  send  out  a  warning. 

Mr.  B.  S.  Gossling  :  The  salient  point  about  the 
research  of  which  this  paper  is  a  record  is  that  whether 
the  work  was  being  carried  on  in  the  field  in  France, 
on  the  East  coast  of  England,  in  the  lamp  works 
engaged  in  the  development  of  the  valves,  in  the  author's 
own  laboratory,  or  on  the  battleships  of  the  Grand 
Fleet,  the  author  was  always  there.  That  appears  to 
be  one  way  of  keeping  a  true  perspective  in  a  research 
covering  a  very  wide  field — that  those  who  are  engaged 
in  it  should  themselves  see  and  hear  and  experience 
with  their  own  senses  the  various  phenomena  with 
which  the  research  is  concerned.  This  is  necessary  in 
order  that  the  natural  tendency  to  elaboration  of  detail 
may  he  kept  within  bounds,  the  point  of  concentration 
at  any  time  being  determined,  not  by  ease  or  interest 
but   by   intrinsic   importance. 

[Communicated)  The  theory  of  the  valve  attachment 
which  really  made  direction-finding  practicable  is 
included  in  the  paper  incidentally,  after  the  "  Heaviside 
layer  "  and  the  psychology  of  the  operator,  and  remarks 
on  this  subject  are  perhaps  barely  relevant  to  the  paper 
as  a  whole.  Still  the  following  observation  on  the 
behaviour  of  the  detecting  valve  will  probably  be  con- 
firmed by  anyone  investigating  the  effects  described 
in  Appendix  3,  and  is  not  consistent  with  the  explana- 
tions put  forward.  I  have  observed  that  the  "  balance 
action  "  can  occur  when  the  filament  is  far  too  hot 
for  the  signals  used  to  produce  any  saturation  of  space- 
currents.  What  happened  was  that  as  the  oscillatory 
electromotive  force  applied  at  the  high-frequency  end 
of  the  apparatus  was  steadily  increased,  the  strength 
of  the  rectified  signals  heard  in  the  telephone  increased 
at  first,  attained  a  maximum,  decreased  to  a  minimum, 
and  then  increased  rapidly.  The  signals  at  their 
strongest  were  not  loud,  and  characteristics  taken  at 
the  time  showed  that  5  or  10  volts  of  positive  potential 
applied  to  the  grid  produced  no  approach  to  saturation 
of  the  anode  current.  The  balance  action  may  be 
more  effective  with  a  dull  filament,  but  is  not  absent 
with  a  brighter  one. 

*  Proceedings  of  the  Institute  oj  Radio  Engineers,  July  1917. 
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Mr.  E.  H.  Shaughnessy  :  We  had  considerable 
experience  in  running  direction-finding  stations  during 
the  war.  As  a  matter  of  fact,  the  Post  Office  Engineering 
Department  ran  four  of  them,  which  were  equipped  by 
the  author.  Shortly  after  their  erection  Mr.  Hinton 
found  that  aperiodic  worldng  was  possible  and  that  he 
could  get  a  range  of  200  metres  on  each  side  of  the  sent 
waves  to  which  the  aerials  were  balanced.  Later  on 
we  made  an  arrangement  in  which  two  sets  of  condensers 
were  used  ;  one  set  of  condensers  joined  to  a  pair  of 
aerials  gave  a  range  of  from  600  to  1,000  metres,  setting 


There  is  one  other  point  which  I  think  has  not  been 
sufficiently  brought  out  in  the  discussion,  in  connection 
with  the  early  development  of  wireless  direction-finding. 
I  th'nk  that  at  one  time  direction-finding  was  very  much 
neglected.  I  know  the  Post  Office  were  going  to  buy 
Marconi  directional  wireless  sets  some  time  before  the 
war,  but  were  not  satisfied  that  there  was  very  much  in 
it,  or  that  they  were  very  accurate  or  had  a  very  long 
range.  I  think  the  real  development  was  due  to  the 
fact  that  the  author  had  worked  very  hard  at  produc- 
ing a  valve  amplifier,  and  the  introduction  of  this  valve 
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the  aerials  at  about  Soo,  and  with  a  change-over  switch 
we  could  substitute  for  this  set  of  condensers  another 
pair  which  were  already  adjusted  correctly  and  thus 
obtain  a  range  of  from  1,000  to  1,400  metres.  That 
arrangement  gave  facilities  for  quick  search,  and  it  was 
very  remarkable  how  accurate  the  results  were  that 
were  consistently  and  very  rapidly  obtained  at  these 
stations  by  expert  operators.  The  operators  after  a 
very  short  period  found  the  work  quite  easy  and 
that  it  did  not  involve  much  strain.  We  carried  out 
some  experiments  with  regard  to  coupling  between 
aerials,  and  we  introduced  between  two  aerials  a  coupling 
balancer — a  couple  of  pairs  of  D -shaped  inductances 
which  we  could  turn  round.  We  very  carefully  tested 
to  see  the  effect  of  any  coupling  between  the  aerials 
and  never  found  that  the  coupling  between  the  aerials 
gave  rise  to  an  error  of  more  than  i  degree  in  the  readings. 


amplifier  and  its  efficient  application  to  incoming  signals 
enabled  him  to  investigate  all  the  inaccuracies  which 
had  previously  existed  in  the  arrangement,  to  balance 
those  inaccuracies  out  and  produce  a  really  efficient 
and  accurate  radiogoniometer  set. 

Dr.  W.  H.  Eccles  :  The  importance  of  direction- 
finding  has  of  course  lain  in  its  application  to  the  war, 
but,  now  that  the  war  is  over,  those  who  are  interested  in 
the  scientific  aspects  of  the  matter  are  very  glad  to 
obtain  the  observations  recorded  in  this  paper.  Many 
of  them  confirm  the  French  work  done  on  the  subject, 
which  has  been  very  extensive  and  thorough.  For 
instance.  Captain  Brossier,  who  w-as  at  Salonika  a  long 
time,  found  that  Paris  gave  readings  correct  within 
I  degree  in  the  daytime,  but  was  often  bad  at  night, 
and  he  e.xtends  the  theory  referred  to  by  several  speakers 
for  explaining  what  happens.     There  is  the  usual  verti- 
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cal  component  field  that  one  expects  from  the  vertical 
Hertzian  oscillator,  which  arrives  all  right  and  seems 
to  be  the  only  component  that  does  so  by  day.  But 
at  night  an  additional  component  arrives  which  is  askew, 
that  is  leans  partly  forward  or  backward  and  partly 
sideways.  If  it  only  leans  forward  its  efiect  is  much 
the  same  as  if  it  were  vertical,  but  if  it  leans  to  one  side 
or  the  other  it  produces  the  effect  of  adding  another  little 
frame  at  right  angles  to  the  original  frame,  with  the 
consequence  that  the  minimum  is  shifted.  That  is 
sufficient  to  explain  the  shifting  of  the  minimum  at 
night,  but  does  not  explain  the  fact  that  the  minimum 
is  not  so  sharp.  To  explain  that,  one  has  to  admit  that 
this  new  field  not  only  has  a  horizontal  component  to  the 
left  or  the  right,  but  is  also  out  of  phase  with  the  ordinary 
or  day  field.  Then  all  the  conditions  are  present  that 
will  satisfy  the  e.xperimental  observations.  Brossie; 
naturally  suggests  that  this  twisted  field  is  due  to  reflec- 
tion from  the  Heaviside  layer,  which  appears  to  be, 
as  one  of  the  speakers  has  remarked,  very  lumpy  or 
bulgy.  Then  tl\e  question  arises  why  this  leaning  field 
is  absent  during  the  daytime.  The  reason  has  been 
suggested  many  times  during  the  last  lo  years,  namely, 
that  the  sun  ionizes  the  lower  layers  of  the  atmosphere 
in  the  daytime  and  so  puts  the  upper  layers  out  of  action. 
The  electric  waves  do  not  reach  the  upper  layers  in  the 
daytime,  but  when  the  sun  disappears  and  all  the  ions 
are  re-combined  the  electrical  fog  and  its  absorbing 
and  refracting  qualities  vanish  and  the  upper  layer 
can  come  into  action  :  it  becomes  exposed  to  us  and 
is  not  exposed  till  then. 

Mr.  H.  M.  Dowsett   [communicated)  :      The   author 
has  mentioned  the  difficulty  experienced  in  obtaining 
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condensers  for  the  two  aerials  of  the  Bellini-Tosi 
system  which  would  move  together  and  give  balance 
over    the    whole    working    range    of    wave-length.     As 


described  in  the  paper,  he  and  his  assistants  avoided 
this  difficulty  by  using  two  independently  adjustable 
condensers.  The  attempts  which  were  made,  however, 
to  produce  good  coupled  condensers  were  not  altogether 
unsuccessful,  as  is  indicated  by  the  calibration  curves 
here  shown  (Fig.  A)  of  one  of  several  radiogoniometers 
constructed  on  this  principle  at  the  Marconi  works 
in  1 91 4.  The  closeness  of  agreement  of  the  two  condenser 
capacities  over  the  whole  of  their  range  was  obtained  by 
much  careful  and  repeated  adjustment  of  plate  area 
imtil  they  were  satisfactory.  The  unscreened  type  of 
condenser  employed  in  this  case  was  made  up  of  rectan- 
gular brass  plates  moving  in  grooves  in  an  ebonite  frame. 
It  developed  faults  in  service,  and  was  superseded  by 
a  screened-disc  air  condenser,  the  two  units  being 
mounted  on  a  common  spindle.  The  plate  area  of  this 
type  was  less  easy  to  adjust,  and  a  method  of  correction 
had  to  be  introduced  (i)  for  the  difference  of  capacity 
between  the  units  at  zero  on  the  calibration  scale,  and 
(2)  for  the  difference  of  slope  of  the  calibration  curves 
which  tended  to  cross  each  other.  A  fixed  condenser 
was  therefore  added  in  parallel  with  one  of  them  in 
order  to  separate  the  curves,  and  an  adjustable  condenser 
of  the  "  billi  "  type — shown  at  B  in  Fig.  B  was  added 
in  parallel  with  the  other  so  that  the  capacity  of  the 
two  aerial  systems  could  be  brought  to  the  same  value 
throughout  the  whole  wave-length  range  of  the  instru- 
ment. It  is  with  satisfaction  that  one  has  noted  the 
successful  development  of  the  aperiodic  aerial  system 
which  does  not  require  such  adj  ustment,  and  therefore  has 
considerably  simplified  the  operation  of  direction-finding. 
Major  T.  Vincent  Smith  [communicated]  :  The 
application  of  direction-finding  to  aircraft  is  one  of  the 
most  important  uses  to  which  this  branch  of  wireless 
can  be  put,  as  the  whole  success  of  commercial  aviation 
will  depend  very  largely  upon  the  use  of  wireless  for 
navigation.  The  system  used  by  the  Royal  Air  Force 
was  evolved  by  Captain  Robinson,  and  I  was  much 
impressed  by  his  experiments  which  I  saw  early  in  1917. 
As  the  officer  responsible  for  the  wireless  of  the  military 
side  of  the  Royal  Air  Force  during  the  greater  part 
of  the  war,  I  did  all  I  possibly  could  to  encourage  its 
development.  The  ear  is  remarkably  sensitive  in 
comparing  the  strength  of  two  signals  by  means  of  a 
switch  as  in  Captain  Robinson's  system,  and  the  results 
obtained  in  practice  prove  not  only  the  excellence  of 
his  system  but  its  great  importance  for  wireless  naviga- 
tion. I  doubt  whether  it  is  possible  in  an  aeroplane 
to  obtain  such  accuracy  in  reading  a  zero  position  by 
means  of  swinging,  though  I  confess  to  no  experience 
in  this  method.  For  the  purpose  of  training  personnel 
in  this  work,  the  apparatus  was  set  up  in  a  light  tender 
which  cruised  between  Netheravon  and  Bournemouth, 
plotting  its  position  by  bearings  taken  from  Stone- 
haven, Ipswich,  Poldhu  and  Nantes.  The  results 
depended  upon  the  skill  of  the  operators,  but  were 
always  accurate  enough  for  aerial  navigation  except 
when  the  receiving  station  took  bearings  in  the 
neighbourhood  of  barbed  wire,  overhead  wires,  or  drain 
pipes.  Even  without  these  sources  of  error,  Stonehaven 
near  Aberdeen  invariably  appeared  to  be  out  of  position. 
The  signals  from  Poldhu  were  also  deflected  when  flying 
over  the  Channel.     I   can  testify  to  the  usefulness  of 
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the  direction-finding  done  on  the  \\'estern  Front  in 
locating  enemy  aeroplane  activity.  It  was  at  first 
proposed  to  inform  our  fighting  patrol  of  the  where- 
abouts of  enemy  machines  engaged  in  observing  for 
their  artillery,  but  O'Adng  to  the  disturbing  effect  of 
the  necessary  transmission  the  results  obtained  were 
not  sufficiently  good  to  justify  the  organization  and 
training  necessary  to  carry  out  the  scheme.  It  was 
very  useful,  however,  in  indicating  the  grouping  of 
enemy  aeroplane  activity  and  any  change  in  the  same, 
thereby  enabling  us  ,to  take  the  necessary  counter 
measures.  The  author  closes  by  thanking  various 
people  for  their  help,  but  it  is  quite  certain  that  there 
is  no  single  individual  to  whom  the  thanks  of  all  branches 
of  His  Majesty's  Forces  are  due  in  a  greater  measure 
than  to  the  author.  He  was  always  ready  with  advice 
and  suggestions,  and  placed  himself  unreservedly  at 
everybody's  disposal  with  a  readiness  which  I  am  glad 
to  take  this  opportunity  of  acknowledging,  and  to 
thank  him  not  only  for  his  paper  but  for  all  he  did  for 
the  Royal  Air  Force. 

Captain  H.  J.  Round  {in  reply)  :  The  errors  in 
direction-finding  are  of  greater  scientific  interest  than 
the  practical  questions  involved,  and  it  was  because 
of  this  fact  that  thej'  were  accentuated  in  my  paper. 
A  wrong  impression  may  therefore  have  been  given 
as  to  the  real  accuracy  of  direction-finding.  A  station 
erected  and  checked  by  the  position  of  a  few  known 
stations  was  accurate  within  one  degree  on  dajdight 
readings.  Night-time  readings  of  spark  signals,  if 
only  the  one  station  was  available,  were  not  very 
trustworthy.  The  operator,  however,  could  nearly 
always  judge,  from  the  readings  of  check  stations  or 
from  the  presence  of  bad  minima,  the  accuracy  that 
could  be  attached  to  the  readings.  With  a  position- 
finding  group  of  three  or  more  stations,  one  station 
acted  as  a  kind  of  censor.  All  bearings  were  sent  to 
and  were  plotted  at  this  station,  and  it  was  only  when 
the  bearings  from  all  stations  intersected  at  a  point 
that  they  were  allowed  to  pass.  It  was  contended 
that  if  four  directions  intersected  at  a  point  or  a  close 
approximation  to  one,  the  readings  were  reliable.  This 
censorship  also  tended  to  eliminate  operators'  errors 
both  in  reading  the  direction  and  on  the  land  line.  It 
was  on  account  of  these  methods  of  using  groups  that 
night  readings  were  made  of  value.  Occasionally,  for 
short  intervals,  readings  from  all  stations  made  impos- 
sible intersections,  and  then  no  reports  were  made  to 
those  who  acted  on  the  readings.  On  continuous  waves 
at  night,  bad  intersections  were  the  rule  rather  than 
the  exception  and,  consequently,  we  could  not  make 
use  of  our  readings  to  anything  like  the  same  extent 
as  spark  readings. 

I  must  thank  Sir  Henry  Jackson,  the  first  of  naval 
wireless  experts,  for  his  kind  and  encouraging  remarks. 
It  may  seem  almost  heresy  to  say  so,  in  the  face  of 
so  many  statements  to  the  contrary,  but  evidence  I 
have  received  during  the  last  year  indicates  that,  in 
wireless  work  at  least,  our  General  Staff  were  much 
more  alive  to  the  power  of  the  expert  than  the  German 
leaders.  The  fact  that  Sir  Henry  Jackson  was  a  wire- 
less expert  as  well  as  First  Sea  Lord  had  probably  a 
great  deal  to  do   with   this. 


Referring  to  Dr.  Erskine-Murray's  remarks,  I  was 
not  aware  of  his  work  at  the  Haven,  but  I  have  since 
found  the  record  of  it  in  his  books  and  I  must  apologize 
for  not  mentioning  it.  I  can  quite  beUeve  the  incident 
of  the  accumulators,  as  I  remember  getting  into  hot 
water  myself  on  the  same  subject.  If  he  will  remember, 
the  accumulators  were  charged  from  dry  cells,  and 
such  uneconomical  methods  doubtless  made  those  in 
charge  over  careful.  In  regard  to  Bellini-Tosi  methods 
versus  "  switch  key  "  methods,  I  am  glad  to  note  that 
Dr.  Erskine-Murray  classes  the  reversing  coil  of  the 
R.A.F.  with  the  crossed  coUs  I  pointed  out  in  my  paper. 
If  he  will  refer  to  a  patent  specification  of  mine.  No, 
1 1,544,  applied  for  in  May  igog,  he  will  find  the  following : 

"  The  object  of  this  invention  is  to  provide  improved 
apparatus  for  wireless  telegraphy  by  means  of  which 
it  may  be  possible  to  readily  ascertain  with  great  pre- 
cision the  bearing  of  a  station  from  which  the  signals 
are  emanating. 

"it  is  well  known  that  with  certain  aerials  which 
will  be  hereinafter  called  directional  aerials,  such  for 
instance  as  those  described  in  Specification  No.  14,788 
of  1905,  the  received  signals  are,  other  things  being 
equal,  of  maximum  strength  when  the  aerial  is  situated 
in  the  vertical  plane  passing  through  the  correspond- 
ing station,  and  that  the  strength  of  the  signals  de- 
creases at  first  gradually  but  afterwards  more  rapidljr 
as  the  aerial  moves  out  of  that  plane  in  either  direc- 
tion. 

"  According  to  this  invention  we  employ  at  a  receiving 
station  two  directional  aerials  set  at  an  angle  to  one 
another,  and  we  provide  a  switch  or  key  which  can  be 
thrown  rapidly  backwards  or  forwards  to  connect  the 
receiving  apparatus  to  each  of  the  two  aerials  alter- 
nately'. 

"  With  such  an  arrangement  the  signals  received 
from  the  two  positions  of  the  switch  will  be  of  unequal 
strength  unless  the  transmitting  station  lies  in  a  certain 
direction  and  this  direction,  if  the  two  aerials  are 
similar,  wUl  bisect  the  angle  between  them.  Provided 
this  angle  is  sufficiently  large  the  direction  of  eqiiality 
may  be  determined  with  great  precision  since  the 
strength  of  the  signals  will  then  change  rapidly  with 
the  angle." 

A  further  patent  by  C.  E.  Prince,  No.  2456/1912, 
uses  the  same  arrangement  with  two  frames.  In  1914 
I  actually  had,  at  one  of  my  stations  in  England,  a 
crossed  -  coil  radiogoniometer.  When  it  was  made  I 
do  not  know,  as  I  found  it  in  our  works.  Tests  were 
carried  out  with  this  instrument.  I  meant  to  say  in 
my  paper  that  I  thought  the  "switch  key"  method 
might  be  used  in  navigation,  but  actually  I  did  not 
have  in  mind  direction-finders  on  aeroplanes.  Regarding 
Eckersley's  explanation  of  the  night  errors,  1  think 
that  Dr.  Erskine-Murray  must  have  misunderstood 
either  Hack,  or  my  exposition  of  Eckersley.  Hack 
deals  with  waves  tilted  forward,  and  rotating  electrical 
fields  in  the  plane  of  propagation.  Neither  of  these 
effects  will  affect  bearings.  Eckersley's  work,  however, 
deals  with  waves  in  which  the  direction  of  propagation 
is  at  an  angle  to  the  earth,  and  in  which  the  electrical 
force  is  parallel  to  the  earth  and  perpendicular  to  the 
direction  of  propagation.     Any  rotating  fields  produced 
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are  due  to  the  interference  of  this  wave  with  other 
similar  waves,  or  with  the  usually  considered  ray 
parallel  to  the  earth's  surface.  Before  this  I  had  sug- 
gested the  production  of  rotating-  fields  due  to  rays 
parallel  to  the  earth's  surface  having  different  lengths 
of  path.  Such  an  effect  would  be  produced  by  diffraction 
round  a  mountain  which  was  in  the  direct  line  of  pro- 
pagation, or  by  reflection  from  an  irregular  Heaviside 
layer.  This  was,  however,  a  different  possible  effect 
from  Eckersley's,  and  the  real  point  in  Eckersley's 
work  was  to  note  that  the  trouble  was  due  to  the  frames 
having  top  and  bottom  conductors  which  could  be 
acted  on  and  cause  errors  in  the  readings  produced 
by  the  sides,  or  vertical  conductors.  I. disagree  entirely 
with  Dr.  Erskine-Murray  when  he  states  that  the 
directional  effect  of  a  transmitting  aerial  dies  away. 
There  is  no  evidence  that  the  cosine  diagram  from  a 
transmitting  frame  is  different  at  a  distance  from  that 
fairly  near  by.  The  German  radiophares  distinctly 
showed  that,  in  their  daylight  effects,  the  mininta  at 
least  were  just  as  sharp  at  a  distance  as  near  by.  I 
am  sorry  that  my  paper  has  given  a  wrong  impression 
of  my  regard  for  Mr.  Russell  Clarke's  work,  for  no  one 
could  hold  it  in  a  higher  estimation  than  myself.  I 
merely  recorded  the  fact  that  what  for  other  purposes 
was  a  very  useful  piece  of  apparatus,  was  not  adaptable 
for  the  purpose  under  consideration. 

I  think  that  in  the  first  paragraph  of  my  reply  I 
have  partly  replied  to  Professor  Howe,  and  in  my 
answer  to  Dr.  Erskine-Murrav  I  think  I  have  made 
my  position  clear  with  regard  to  the  "  switch  key  " 
method.  With  regard  to  Captain  Tremellen's  curve, 
these  earlier  readings  were  probably  taken  by  deter- 
mining the  apparent  minima  of  strong  signals.  There 
would  be  actually  no  zero  on  these  KAV  signals.  Very 
soon  after  these  curves  were  taken  I  found  out  that 
these  errors  were  reduced  by  taking  broad  swing  read- 
ings, say  20°  on  either  side  of  the  minima  (a  point  by 
the  way  certainly  in  favour  of  the  "  switch  key  "  device 
if  the  swinging  had  not  been  so  easy  to  do).  Conse- 
quently I  think  these  original  KAV  curves  would  now 
exhibit  only  about  one-half  of  the  errors  shown.  I 
do  not  know  the  exact  reason  for  the  improvement 
shown  by  taking  these  broad  swing  readings,  f  found 
out  the  result  about  February  1915,  and  gave  instruc- 
tions to  all  stations  after  that  to  take  broad  swing 
readings  at  night.  I  do  not  think  Professor  Howe 
distinguishes  sufficiently  between  day  errors  and  night 
errors  or  variations.  Although  mountains  do  have 
some  slight  effect,  say  up  to  two  or  three  degrees,  and 
do  undoubtedly  produce  bad  minima,  the  effects  are 
constant  and  can  be  calibrated  for  by  using  the  posi- 
tions of  known  stations.  Direction-finding  over  land  is 
quite  all  right  during  the  day.  Mr.  Ditcham  has  recently 
brought  to  my  notice  the  fact  that  at  the  station  in 
Norfolk,  marked  on  the  map  in  Fig.  24,  it  was  observed 
^:hat  certain  German  stations  had  a  gradual  drift  from 
north  to  south  during  the  day.  Heligoland  was  the 
Station  that  had  the  greatest  drift.  In  the  forenoon 
the  observed  direction  on  this  station  had  a  ^°  error 
to  the  north,  at  noon  the  reading  was  correct,  and  in 
the  afternoon  the  error  was  |°  to  the  south.  Such 
observations,  if  noted  only  once  or  twice,  would  have 


been  put  down  to  instrument  or  reading  errors,  but  no 
doubt  is  entertained  by  Mr.  Ditcham  as  to  the  accuracy 
of  these  small  differences,  as  the  observations  were 
continued  over  an  extended  period.  It  would  appear 
that,  on  these  occasions,  a  remnant  of  night  variations 
extended  over  the  daylight  period. 

In  answer  to  Mr.  J.  E.  Taylor,  I  think  the  original 
Bellini  aerials  were  replaced  by  frames  by  Major  C.  E. 
Prince  in  191 2,  and  undoubtedly  the  latter  are  superior. 
This  is  due  both  to  the  effects  he  mentions,  and  to  the 
difficulty  of  handling  what  I  tgrm  "  Vertical  "  with 
such  an  open  system.  One  must  not  forget,  however, 
that  the  two  open  aerials  as  in  Fig.  3,  the  original 
direction-finder,  have  no  spaced  cross-connecting  leads, 
like  a  frame,  to  be  acted  on  by  skewed  waves.  I 
believe  that  I  have  mentioned  some  daytime  errors 
due  to  ground  excrescences,  but  all  these  daytime 
effects  arrive  in  the  equatorial  plane  of  the  receiver, 
whereas  Heaviside  layer  reflections  arrive  at  an  angle 
downwards.  The  constancy  of  daylight  readings  from 
an  hour  after  sunrise  to  within  an  hour  of  sunset  is 
rather  against  any  skewed  reflections  from  the  Heavi- 
side layer,  but  it  is  no  proof  against  a  reflection  in 
which  there  is  no  "  aeroplane  "  component.  After 
hearing  Mr.  Pletts,  and  also  having  read  some  of  his 
wonderful  expositions  of  the  possible  forms  of  maps 
that  can  be  made,  I  can  only  add  one  new  one  ;  I  think 
it  was  due  to  Captain  P.  J.  Edmunds.  By  a  mathe- 
matical transformation,  he  made  a  map  of  the  North 
Sea  in  which  all  lines  on  an  ordinary  map  became  points, 
and  all  points  became  lines.  The  residt  was  that  all 
our  direction-finding  stations  were  represented  as  lines 
with  scales  on  them  representing  directions.  A 
Zeppelin  position  appeared  as  a  point  on  each  of  these 
direction-finding  station  lines.  Then  if  the  directions 
were  all  correct,  these  points  lay  on  a  straight  line, 
and  if  some  bearings  were  slightly  out  the  best  average 
line  could  be  taken,  this  line  representing  the  Zeppehn 
position. 

With  regard  to  Captain  Hughes's  remarks,  I  am  not 
at  all  certain  about  this  swinging  to  the  north  or  to 
the  south.  I  quite  agree  with  the  regularity  of  the 
bad  minima  round  sunset,  but  what  I  really  meant 
was  that  at  a  first  glance  the  curve  of  KAV  looked 
like  one  which  could  be  used  for  bearing  correction. 
Unfortunately  this  is  not  the  case.  During  the  war 
several  others  beside  myself  have  attempted  to  detect 
a  difference  between  night  effects  on  a  frame  and  on 
the  Bellini-Tosi  system.  Unfortunately,  we  could  never 
find  any  difference.  I  might  remark,  however,  that 
two  stations  placed  even  a  few  hundred  feet  apart  do 
seem  on  occasions  to  get  very  different  readings  at 
night.  The  direction  of  Horsea's  spacing  and  marking 
signs  were  taken  on  very  many  occasions,  and  there 
is  no  possible  doubt  about  the  great  difference  of  reading 
being  the  rule,  but  the  position  of  the  receiving  stations 
and  the  intervening  land  will  probably  have  a  lot  of 
influence.  The  station  giving  the  biggest  difference 
was  the  above  -  mentioned  one  in  Norfolk.  I  quite 
agree  with  Captain  Hughes  about  the  use  of  frames 
in  many  cases.  Unfortunately,  the  only  time  I  advo- 
cated frames  for  direction-finding  work  in  England, 
they   were   erected    and    then   rejected    on    account   of 
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clumsiness  when  taking  a  reading,  but  that  was  with 
5  ft.  frames  and  an  amplifier  which  was  not  as  good  as 
we  have  at  present. 

Lieut. -Commander  Ditcham  has  certainly  brought  to 
my  notice  a  new  effect  and  a  very  puzzling  one.  He 
stated  that  on  certain  occasions,  at  night,  the  hetero- 
dyne note  varied  as  the  radiogoniometer  search -coil 
was  rotated.  It  is  so  strange  that  I  am  rather  apt  to 
think  it  was  due  to  some  inequality  in  the  aerials,  such 
as  bad  insulation  or  actual  contact  with  a  stay  wire, 
otherwise  one  would  have  to  assume  an  atmospheric 
frequency  changer,  unless  the  effect  was  due  to  some 
local  atmospheric  or  ground  effect  acting  more  on  one 
aerial  than  on  the  other.  At  other  stations  I  can  find 
no  record  of   such  an  effect. 

Answering  Captain  Robinson,  I  do  not  think  there 
can  be  really  any  doubt  that  if  the  effect  of  one  frame 
is  added  to  that  of  another  one  placed  at  right  angles 
to  it — and  the  Bellini-Tosi  patents  surely  point  this 
out  clearly — the  result  is  the  same  as  a  frame  at  an 
angle  to  both  these  original  frames.  Furthermore,  the 
Bellini-Tosi  patent  shows  that  reversing  one  of  the 
frames  is  equivalent  to  moving  the  imaginary  resultant 
frame  through  an  angle  equal  to  twice  the  angle  between 
the  imaginary  frame  and  either  one  or  other  of  the  two 
actual  frames.  With  regard  to  the  alteration  of  sensitive- 
ness, I  might  point  out  that  if  this  is  to  be  increased 
in  the  R.A.F.  system,  under  practical  circumstances  it 
entails  the  reduction  of  the  fore  and  aft  coil  (equiva- 
lent to  increasing  the  leading  angle  between  crossed 
coils)  and  a  consequent  loss  of  the  so-called  maximum 
signals.  At  the  time  the  system  designed  by  Captain 
Robinson  was  installed  in  aeroplanes  I  do  not  think 
the  ordinary  Bellini-Tosi  system  with  tuned  aerials 
could  have  been  used,  owing  to  the  variable  aerial 
tuning  which  it  would  have  been  impossible  to  avoid  on 
an  aeroplane.  His  design  undoubtedly  filled  an  impor- 
tant gap.  I  think,  however,  that  on  the  larger  planes 
the  modem  Bellini-Tosi  system  is  preferable,  particu- 
larly as  it  lends  itself  to  large  light  aerials,  direct 
reading  in  any  direction,  and  easy  correction  for  errors 
due  to  the  aeroplane.  Because  of  the  possible  electrical 
isolation  of  the  receiver  and  receiving  coils,  it  is  very 
easy  to  free  from  magneto  noise  and  magneto  short- 
wave effects.  The  results  so  far  have  been  very  good, 
and  although  the  operators  have  been  provided  with 
crossed  swing  coils  in  their  radiogoniometers,  they  have 
reported  that  all  signals  are  sufficiently  good  to  enable 
ordinary  swing  readings  to  be  taken  with  ease,  the 
direction  of  Clifden  being  taken  at  a  distance  of  2,000 
miles.  The  point  raised  by  Captain  Robinson  about 
continuous  wave  reception  does  not  enter,  for  in  rotating 
the  coil  of  a  well-made  radiogoniometer,  connected  as 
a  self  heterodyne  as  shown  in  Fig.  27,  no  change  of 
interference  note  takes  place  when  receiving  from  a 
continuous-wave  station.  This  indicates  that  the 
energy  absorbed  bv  the  aerials  from  the  self  heterodyne 
is  constant  for  any  position  of  the  moving  coil.  It 
can  easily  be  proved  mathematically  that  this  is  true, 
but  if  further  proof   is   wanted,   no   serious  variations 


of  direction  ever  took  place  in  the  day  (except  very 
isolated  cases  like  the  Nauen  case  mentioned)  and 
these  directions  were  remarkably  correct.  Immediately 
night  arrived,  however,  everything  went  wrong  except 
that  the  interference  note  was  constant  for  all  positions 
of  the  search  coil.  (The  case  mentioned  by  Mr. 
Ditcham  is,  however,  worth  noting,  as  he  has  had 
great  experience  of  this  work ;  but  in  hundreds  of 
readings  taken  by  myself  on  different  nights  I  never 
noted  this  effect.) 

I  must  apologize  to  Mr.  Shaughnessy  for  the  over- 
sight in  not  mentioning  the  great  aid  given  to  me  by 
his  section  of  the  Post  Office.  It  has  also  been  pointed 
out  to  me  that  I  have  not  given  the  Marconi  Company 
any  credit  for  having  allowed  me  to  use  anything  and 
everything  I  wanted,  and  to  take  any  men  I  wanted. 
I  hope  therefore  both  Mr.  Shaughnessy  and  the  Marconi 
Company  will  accept  my  apology.  I  remember  very 
well  that  Mr.  Jiinton  of  Mr.  Shaughnessy's  section 
was  the  first  man  to  point  out  the  aperiodic  nature 
of  the  plate-circuit  coil  in  the  tuner  of  Fig.  20  when 
used  with  no  condenser,  and  to  use  this  effect  for  quick 
searching.  I  think  Mr.  Shaughnessy's  own  stations 
were  much  more  efficiently  worked  than  my  own,  as 
I  was  usually  considering  the  development  rather  than 
the  actual  operation. 

In  reply  to  Dr.  Eccles,  I  have  not  seen  Captain 
Brossier's  reports,  but  I  fancy  that  these  are  in  some 
way  connected  with  Lieutenant  T.  Eckersley's,  as  Cap- 
tain Brossier  knew  of  Lieutenant  T.  Eckersley's  work.  I 
am  entirely  unacquainted  with  any  work  done  by  the 
French  during  the  war  on  direction-finding,  except 
that  I  knew  the)^  were  using  frames  in  1916.  I  am 
quite  sure,  however,  that  they  had  no  such  vast  organi- 
zation as  we  had,  nor  did  they  need  it,  as  our  war 
was  first  and  foremost  on  the  sea. 

I  am  not  quite  sure  whether  Mr.  Gosshng  is  differen- 
tiating between  separation  of  different  signals,  or  the 
balance  obtainable  in  one  set  of  signals.  A  balance 
is  obtainable  at  some  point  for  any  brilliancy  of  filament 
and  any  strength  of  signal,  and  an  element  of  separating 
signals  of  different  amplitude  always  exists  owing  to 
the  lack  of  s^-mmetry  of  the  valve  curve,  but  I  think 
the  results  are  never  so  good  as  with  the  dulled 
filament.  In  this  case  several  sets  of  strong  signals  can 
be  almost  eliminated  from  one  weak  signal.  I  think 
the  effect  is  undoubtedly  a  combination  of  balance 
and  saturation,  either  predominating  at  the  will  of  the 
operator. 

In  reply  to  Mr.  Dowsett,  I  think  my  difficulty  was 
that  the  original  Bellini-Tosi  condensers  and  the  later 
coupled  disc  condensers  developed  by  the  Marconi 
works  would  not  stand  transport,  and  I  am  afraid 
that  I  and  others  were  generally  prejudiced  against 
them  on  account  of  this,  in  view  of  the  fact  that  the 
separate  condensers  we  used  could  be  easily  balanced 
by  means  of  a  buzzer  set. 

I  bslieve  I  have  touched  ou  the  points  mentioned 
by  Major  Vincent  Smi(h  el.ewhere,  but  I  must  thank 
him  for  his  verv  kind  remarks. 
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By    Roger    T.     Smith,     President. 

{Address  delivered  5  March,   1920.) 


It  has  become  a  time-honoured  custom  for  the 
President  of  the  Institution  to  address  the  Students 
at  or  near  the  end  of  the  active  part  of  the  session 
during  wliich  meetings  are  held  and  papers  read  and 
discussed.  I  feel  that  the  present  occasion  is  no 
ordinary  one,  and  if  I  fail  to  do  justice  to  it  the  fault 
will  be  mine  and  the  loss  will  be  yours. 

Many  Students  of  the  Institution  took  their  part 
in  the  war  and  won  distinctions.  652  Students  served 
in  H.M.  forces,  of  whom  67  lost  their  lives  and  82  were 
awarded  decorations  or  were  mentioned  in  despatches. 
Now  that  peace  with  Germany  is  ratified,  we  are  faced 
with  the  position  that  the  world  is  clamouring  for 
manufactured  articles  of  every  sort  and  description, 
but  that  many  of  our  industries  are  not  capable  of 
supplying  anything  like  the  demand.  This  is  one  of 
many  causes  which  keeps  up  the  price  of  nearly  every- 
thing we  have  to  buy ;  but  for  machinery  and  for 
industrial  products  the  need  is  so  great,  both  at  home 
and  abroad,  that  these  high  prices  are  paid.  In 
certain  classes  of  electrical  manufacture  makers  are 
so  full  of  orders  that  they  quote  what  they  feel  to  be 
prohibitive  prices  so  as  to  keep  customers  away,  but 
the  customers  accept  these  prices  and  the  manufac- 
turers are  at  their  wits'  end  to  know  how  to  make 
and  deliver  the  goods. 

These  conditions  are  entirely  abnormal  and  in  some 
respects  unhealthy.  The  profits  may  in  some  cases 
be  large  and  the  unthinldng  call  it  profiteering,  but 
the  order  is  forced  on  the  manufacturer  against  his 
will  by  the  absolute  need  of  the  purchaser  who  is 
willing  to  pay  almost  any  price  to  get  what  he  wants. 

Such  a  state  of  things  is  far  more  pronounced  in 
commodities  which  come  first  in  man's  requirements — 
food,  drink,  and  clothing — than  in  electrical  manu- 
facture, but  it  exists  to  a  considerable  e-xtent  in  elec- 
trical manufacture  as  well. 

The  position  interests  you  vitally  as  Students  because 
if,  owing  to  the  demand  exceeding  the  supply,  these 
high  prices  are  to  continue  for  many  years,  the  prospect 
of  employment  for  the  educalld-and  trained  electrical 
engineer  is  likely  to  be  rosy,  since  there  is  no  doubt 
that  the  supervisory  staffs  in  many  establishments 
are  overworked  and  more  trained  workers  are  required. 
.  I  do  not  believe  that  anybody's  guess  as  to  whether 
the  present  conditions  of  abnormal  prices  are  likely 
to  continue  is  worth  the  words  which  express  that 
guess.  Certainly  I  am  not  going  to  say  whether  I 
think  it  will  take  few  or  many  years  for  the  supply  to 
equal  the  demand,  because  in  my  view  there  are  in- 
sufficient data  for  forming  an  opinion. 

But  it  is  certain  that  this  period  of  considerable 
profit  is  being  used  by  many  manufacturers  to  spend 


money  out  of  revenue  for  enlarging  their  works  arid 
increasing  or  improving  their  plant,  so  that  when  the 
slump  comes,  as  past  history  suggests  that  it  must 
come,  manufacturers'  works  ought  to  be  equipped  to 
compete  in  the  world's  markets  in  a  way  which  they 
have  not  been  able  to  compete  within  my  memory. 

Our  electrical  manufacturers  have  always  been  able 
to  compete,  and  have  competed  in  the  past,  first  by 
the  excellent  quality  of  their  goods,  and  secondly  by 
cutting  prices.  It  has  been  detennined  by  an  authority 
to  whom  the  data  for  forming  an  opinion  were  available, 
that  before  the  war  the  average  profit  of  manufacturing 
electrical  firms  in  this  country  was  of  the  order  of 
I  per  cent.  In  few  cases  was  it  possible  to  extend 
buildings  and  re-model  plant  out  of  revenue,  or  to 
devote  money  out  of  revenue  to  research,  and  the 
habit  of  struggling  with  small  profits  over  a  long  period 
of  years  does  not  tend  to  make  manufacturers  use 
increased  profits,  when  they  do  come,  in  the  most 
far-seeing  way.  But  the  absorption  of  small  firms  by 
large  ones,  who  have  become  larger  through  success, 
corrects  or  at  least  tends  to  correct  the  narrow  view 
which  the  struggle  for  existence  may  have  brought 
about,  so  that  whether  or  not  prices  and  profits  fall 
within  the  next  few  years,  I  think  there  is  good  evidence 
to  show  that  there  will  be  increased  employment  for 
electrical  engineers  at  fair  salaries  for  some  years  to 
come. 

I  have  only  dealt  with  manufacturers.  If  there  is 
an  increased  demand  for  manufacturers  in  an  industry 
like  ours,  there  is  an  increased  demand  and  corre- 
sponding employment  all  round,  both  for  engineers 
who  make  things  and  for  those  who  advise  or  carry 
out  composite  works. 

In  the  May  number*  of  last  year's  Journal,  in  a 
very  interesting  and  instructive  article  by  Messrs. 
A.  B.  Gridley  and  A.  H.  Human  on  "  Electric  Power 
Supply  during  the  Great  War,"  it  was  shown  that, 
whereas  in  191 4  the  sale  of  electricity  by  supply 
authorities  in  the  United  Kingdom  was  2,100  million 
units,  this  sale  during  the  war  was  increased  to  3,500 
millions  in  1917  and  to  the  estimated  amount  of  over 
4,000  millions  in  1918.  This  is  quite  apart  from  the 
great  increase  in  private  supplies  in  works  and  factories 
for  driving  the  vast  amount  of  machinery  needed  for 
munitions,  for  smelting  or  for  other  industrial  purposes. 

The  Armistice  put  an  end  to  much  of  this  use  of 
electricity,  but  it  has  not  put  an  end  to  the  habit  then 
learnt,  that  the  natural  drive  for  the  modern  workshop 
is  the  electric  motor.  Industrial  fashion  does  not 
change  so  quickly  as  some  other  fashions,  and  it  is 
a  matter  of  no  little  importance  to  the  future  employ- 
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ment  of  present-day  students  that  it  is  becoming  the 
fashion  to  use  electricity  in  industry  as  a  result  of  the 
war  to  an  extent  that  it  was  not.  used  before  the  war, 
and,  on  the  average,  custom  ranks  before  logic  in  this 
country. 

Under  the  Electricity  Act,  1919,  one  of  the  many 
duties  of  the  Electrical  Commissioners  is  to  make  the 
general  use  of  electricity  fashionable,  and  if  they  largely 
extend  its  use  by  doing  so  it  will  go  far  to  counteract 
dearer  coal  and  higher  wages. 

There  is  a  custom  in  universities  and  other  places 
of  learning,  to  limit  the  use  of  the  term  "  scientific  " 
to  a  consideration  of  such  facts  as  have  been  agreed 
to  be  called  scientific — such  facts  as  are  considered  in 
the  schools  and  are  readily  reduced  to  exact  analj'sis. 
And  I  am  sure  that  this  improper  limitation  of  the 
elements  which  go  to  make  up  the  whole  engineering 
problem  has  had  a  good  deal  to  do  with  the  fact  that 
many  business  men  engaged  in  industry  have  looked 
askance  at  the  employment  of  scientificall}'  trained 
men  because  thej^  have  so  often  found  that  the  training 
has  not  only  omitted  elements  which  the  employer 
knows  to  be  all  important  in  conducting  an  industry, 
but  has  produced  a  habit  of  mind  which  considers 
certain  facts  to  be  unsuitable  for  scientific  treatment. 
-  Now  the  scientific  method  as  applied  to  engineering 
consists  in  recognizing  and  collecting  all  the  facts  and 
then  making  deductions  from  them.  Of  the  two  the 
power  to  recognize  all  such  facts  as  bear  upon  a  problem 
is  generally  much  more  difficult  to  acquire  than  the 
subsequent  analysis,  and  if  we  are  really  scientific  we 
have  no  right  to  select  only  those  facts  which  we  have 
been  taught  how  to  deal  with  analytically. 

If  it  be  the  case  that  fashion  in  the  use  of  electricity 
is  an  important  fact  in  the  development  of  the  electrical 
industry,  it  is  just  as  scientific  to  include  it  among  our 
premises  and  deduce  what  we  can  about  it,  as  it  is 
to  determine  the  efficiency  of  the  machinery  we  use 
or  the  calorific  value  of  the  coal  we  burn  in  our 
boilers. 

And  this  brings  me  to  a  still  more  important  matter 
in  the  training  of  an  engineer  which  is  usually  con- 
sidered to  be  unscientific ;  I  mean  the  question  of 
;f  s.  d.  in  relation  to  all  engineering  problems.  Again 
I  feel  that  most  of  our  engineering  and  technical  schools 
are  at  fault  in  not  putting  the  cost  of  estimating  and 
the  cost  of  engineering  work  of  every  sort  as  an  important 
element  in  their  teaching. 

The  cost  of  things  is  in  almost  every  case  the  most 
important  of  all  the  facts  with  which  the  engineer  has 
to  deal  in  every  scheme  wliich  is  entrusted  to  him  in 
his  profession.  But  in  the  scientific  training  of  the 
engineer,  measurement  of  physical  quantities  is  generally 
sdone  taught.  It  rightly  comes  first  because  the  mind 
is  best  trained  for  engineering  problems  by  the  exact 
measurement  of  physical  quantities,  but  it  is  unscientific 
to  ignore  the  measurement  of  money. 

Every  engineering  problem  involves  or  ought  to 
involve  money  as  its  ultimate  consideration,  and  the 
successful  engineer  is  the  man  who  employs  the  least 
capital  on  a  job  which  in  its  working  produces  the 
greatest  return  on  that  capital.  I  claim  that  it  is 
unscientific  in  the  strictest  sense  of  that  word  to  ignore 


costs,  both  capital  and  revenue,  in  the  training  of  the 
engineer. 

I  do  not  say  that  it  is  possible  for  universities  and 
technical  schools  to  teach  the  commercial  side  of 
engineering  to  the  student.  The  time  available  is 
best  employed  in  learning  principles  of  measurement 
and  the  orderly  habit  of  dealing  with  facts  which  can 
be  measured  more  or  less  accurately.  The  costs  of 
engineering  work  can  best  be  taught  in  the  industry 
itself.  But  it  is  possible  for  a  student  to  complete 
his  scientific  training  without  any  idea  that  the  most 
important  fact  with  which  he  has  to  deal  in  his  engineer- 
ing career  is  the  cost  of  the  scheme  or  of  the  machinery 
which  he  has  to  create. 

It  has  been  said  that  any  fool  can  invent  a  thing 
but  that  it  takes  a  genius  to  sell  it.  And,  so  far  as 
manufacture  is  concerned,  the  art  of  selling  is  in  general 
better  paid  than  the  art  of  design.  The  art  of  selling 
engineering  manufactures  demands  qualities  which  the 
designer  need  not  possess,  but  it  is  becommg  more 
and  more  common  to  employ  selling  engineers  who 
have  acquired  both  arts.  I  cannot  but  feel  that  our 
universities  and  technical  schools  ought  to  lay  the 
foundations  of  the  commercial  knowledge  required  by 
the  engineer  at  the  same  time  that  they  lay  the  founda- 
tions of  technical  knowledge.  Little  but  the  founda- 
tions can  be  laid,  but  if  the  commercial  part  of  the 
engineer's  work  was  treated  as  of  the  same  scientific 
importance  as  the  purely  technical,  it  would  at  least 
stimulate  the  student  to  find  out  where  the  principles 
of  commercial  training  can  be  learnt. 

The  London  University  has  lately  developed  a  com- 
mercial school  which  will  grant  degrees  in  commerce. 
The  external  side  of  the  university  will  provide,  for 
those  who  cannot  attend  fuU-time  courses,  commercial 
teaching  intended  for  those  at  work  in  the  daj'time. 
The  whole  scheme  has  been  carefully  worked  out  by 
business  men  in  conjunction  with  the  University  author- 
ities. [For  information  apply  to  External .  Registrar, 
University  of  London,  South  Kensington.] 

In  his  address  to  the  Students'  Section  last  November 
Mr.  Trotter,  in  a  paper  *  which  I  venture  to  think  is 
worth  reading  more  than  once  for  its  manner  as  well 
as  for  its  naatter,  pointed  out  very  clearly  the  difi'erence 
between  dealing  with  things,  about  which  one  can 
know  a  great  deal,  and  with  people,  about  which  one 
can  know  very  little.  Judgments  based  upon  what 
we  tliink  we  know  about  people  so  often  trip  us  up, 
and  yet  for  many  of  you,  as  you  rise  in  your  profession, 
the  art  of  directing  the  great  sources  of  power  in  nature 
becomes  more  and  more  the  art  of  overcoming  the 
small-mindedness  of  man.  It  is  not  engineering  but 
it  is  part  of  the  art  of  living,  an  art  which  is  not  suffi- 
ciently studied  in  this  country. 

Few  of  you  will  rise  to  any  eminence  in  your  pro- 
fession without  having  to  control  wage-earners  and 
those  who  supervise  them.  For  some  time  to  come 
the  personal  relations  between  the  individual  employer 
through  the  employers'  management  and  the  individual 
wage-earner  will  become  less  and  less  the  more  rates 
of  pay  and  conditions  of  service  are  settled  by  collective 
bargaining.     Collective  bargaining  means  that  you  pay 
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the  rate  of  the  particular  grade  in  which  a  man  works 
and  not  the  rate  appUcable  to  the  abihties  of  the 
man  himself,  and  while  this  method  is  probably  the 
only  method  by  which  labour  can  get  improved  con- 
ditions, I  cannot  but  feel  that  it  will  be  superseded 
in  the  future  by  some  method,  possibly  differing  from 
present  piecework  schemes,  which  will  make  it  possible 
to  pay  by  results  at  rates  settled  by  collective  bargain- 
ing. That  is  now  under  consideration  in  the  engineering 
trades. 

By  the  time  most  of  you  are  earning  a  salary,  you 
will  find  an  industrial  world  working  under  conditions 
entirely  different  from  those  prevailing  before  the  war. 
The  traditional  war  between  capital  and  labour  dies 
hard,  but  I  hope  it  is  not  too  optimistic  to  say  that 
some  of  the  causes  of  that  war  have  been  renioved. 
I  hope  some  of  you  may  take  your  share  in  removing 
more  of  them.  You  remember  that  when  someone 
exclaimed  to  Charles  Lamb,  who  had  been  expressing 
violent  hatred  for  a  certain  individual,  "  Why  you 
hardly  know  him,  how  can  you  hate  him  ?  "  The 
essayist  replied,  "  How  could  1  hate  him  if  I  knew 
him  ?  "  Part  of  the  distrust  of  the  employer  by  the 
wage-earner  is  only  too  well  founded.  Another  part 
of  the  mistrust  is  simply  due  to  mutual  ignorance, 
and  the  constant  meetings  between  the  representatives 
of  trade  unions  and  of  employers  are  all  to  the  good 
in  building  up  that  confidence  that  agreements  come 
to  will  be  equally  respected  by  both  sides,  without 
which  collective  bargaining  is  a  farce.  Now  capital 
represents  savings,  and  every  man,  or  body  of  men, 
who  saves  and  uses  his  money  as  a  means  of  producing 
more  is  a  capitalist.  All  the  trade  unions  who  invest 
their  savings  from  members'  contributions  in  securities 
are  capitalists.  Business  is  based  on  profit  and  loss, 
and  the  man,  or  body  of  men,  who  risk,  and  often 
suffer,  losses  ought  to  reap  the  profits  when  there  are 
any. 

The  risk  of  loss  is  one  of  the  chief  stimuli  making 
for  efficiency  in  business,   while  the  hope  of  profit  is . 
another.     The   critics   of   capitalism   only   look   at   the 
profits  which  they  envy,  and  ignore  the  losses  which 
they  are  not  prepared  to  incur. 

A  government  does  not  save  ;  it  only  spends,  and 
when  it  makes  losses  it  looks  to  the  people  who  are 
governed  to  make  them  good.  And  that  is  one  reason 
at  least  why  nationalization  of  an  industry,  by  taking 
away  from  the  management  of  that  industry  the 
stimulus  of  the  fear  of  losses  or  the  stimulus  of  profits, 
is  generally  inefficient  under  qur  imperfect  civilization. 
Granted  an  ideal  of  service  in  all  classes,  nationali- 
zation of  an  industry  might  be  efficient,  but  the  ideal 
of  service  is  only  imperfectly  realized  by  the  few. 

If  I  have  succeeded  in  interesting  you  in  the  impor- 
tance of  the  study  of  the  relationship  between  the  wage- 
earner  and  the  employer  I  would  suggest  that  you 
study  for  yourselves  the  organization  of  employers 
and  of  wage-earners  in  the  textile  trades.  I  had  hoped 
to  have  placed  in  the  library  some  documents  on  the 
subject,  but  no  published  documents  are  available. 
The  textile  trades  have  probably  been  fully  organized 
for  a  longer  time  than  any  other  trades,  and  perhaps 
the  engineering  trades  could  learn  useful  lessons  from 


that  organization.  Anyhow  some  of  the  details  of  that 
organization  are  available  if  any  of  you  care  to  consult 
them. 

As    you    probably    know,    the    Whitley    scheme    for 
Joint.  Industrial  Councils  provides,   for  such  industries 
as    are    organized,    councils    for    collective    bargaining 
and    the    settlement    of     disputes    as    a    government 
measure.     The    scheme    only    recognizes    organizations 
of  employers  on  the  one  hand  and  the  organizations  of 
trade  unions  on   the  other.     The  salaried  members  of 
industry  were  left   out.     At  the  Industrial  Conference 
called  by  the  Prime  Minister  in  April  of  last  year  at 
which  employers'  associations    and    trade    unions   con- 
sidered the  formation  of  a  National  Industrial  Council, 
it  was  moved  that  when  this  National  Council  is  formed 
the  position  of  unions  exclusively  composed  of  adminis- 
trative,   managerial    and    technical  .  grades    should    be 
considered   with   a   view   to   such   unions   being   repre- 
sented on  Joint  Councils  and  on  the  National  Council. 
Whether    the    National    Industrial    Council    will    be 
formed  or  not  seems  to  depend  (at  the  time  of  writing) 
on  whether  Joint  Agricultural  Councils  can  be  formed 
or    not.     Meanwhile    the    professional    classes    are    un- 
represented and  unrecognized.     This  may  or  may  not 
affect   you.      There   are   several  trade   unions   for   the 
salaried  staff  in  industry.     In  some  cases  the  Parlia- 
mentary Trade  Union  Congress   refuse  to  admit   them 
to  the  Congress  and  to  recognize  them  as  trade  unions. 
I   cannot  feel  that   this  refusal   will   ultimately   be   to 
their  disadvantage,  although  for  the  present  it  restricts 
their    membership,    because    if    a    trade    union    is    not 
recognized  as  a  trade  union  it  is  by  some  not  considered 
worth  belonging  to. 

On  the  yth  February  a  conference  of  representatives 
of  professional  associations  was  held  in  London  and  a 
resolution  to  form  a  federation  of  some  of  those  bodies 
was   adopted. 

Although  it  appears  necessary  for  protection  pur- 
poses to  have  associations  of  technical  salaried  staff, 
I  feel  personally  that  to  apply  the  principle  of  collective 
bargaining  to  salaries  above  ;£30o  or  £^50  is  wrong. 

An  employer  does  not  pay  £1,000  a  year  or  more 
for  a  particular  position,  he  pays  the  man,  and  I  hope 
it  will  never  come  about  in  this  country  that  salaries 
to  technical,  managerial  or  administrative  men  above 
;^5oo  a  year  are  fixed  on  any  other  basis  than  the  value 
of  the  man  to  the  employer. 

The  position  of  the  technical  salaried  staff  in  industry 
is  in  the  melting  pot.  It  interests  your  future  vitally 
and  you  ought  to  be  considering  it  carefully  and  watching 
how  tilings  are  going.  But  if  you  assist  in  eliminating 
personal  bargaining  for  your  own  salary,  you  will  I 
think  be  doing  an  unwise  thing. 

In  the  practice  of  your  profession  some  of  you  will 
have  to  write  specifications  and  all  of  you  will  have 
to  write  letters.  The  writing  of  specifications  is  an 
art  by  itself  best  acquired  by  long  practice  in  the  office 
of  some  engineer  who  has  himself  acquired  the  art. 
If  the  specification  describes  in  detail  the  work  that 
is  to  be  carried  out  by  a  contractor  or  manufacturer, 
then  the  writer  of  the  specification  must  be  responsible 
for  the  result  of  the  work  when  it  is  carried  out.  If, 
on  the  other  hand,  the  specification  asks  for  a  result, 
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the  engineer  must  not  at  the  same  time  tell  the  con- 
tractor or  manufacturer  in  detail  exactly  how  the 
work  is  to  be  carried  out.  And  yet  it  is  quite  commonly 
done.  Certain  parts  of  the  work  may  be  specified  in 
detail,  more  especially  the  qualities  of  materials  to 
be  used,  and  it  is  quite  proper  to  describe  in  detail 
one  way  in  which  the  result  can  be  achieved,  provided 
you  leave  it  open  to  the  contractor  to  employ  his  own 
way  and  use  his  own  standard  ^  types  of  machinery  or 
methods  of  construction. 

One  of  the  things  in  engineering  which  is  best  learnt 
early,  is  the  number  of  different  ways  in  which  the 
same  result  can  be  achieved.  Sir  Alexander  Kennedy  in 
his  Presidential  Address  to  the  Institution  of  Civil  Engi- 
neers in  1906,  an  address  which  deals  with  the  engineer 
as  a  man  and  is  well  worth  reading  and  re-reading  at 
intervals,  says  :  "  From  the  day  that  his  pupilage 
ends  until  the  last  day  of  his  engineering  life  the 
engineer  is  always  face  to  face  with  the  fact  that  there 
are  half  a  dozen  ways  of  doing  everj-thing,  and  that 
the  half-dozen  ways  are  all  more  or  less  equally  good." 
I  believe  that  if  everyone  who  specified  engineering 
work  learned  that  truth  young,  it  would  save  them 
many  mistakes  and  failures. 

But  I  would  plead  specially  for  writing  specifications 
and  letters  in  English.  It  is  fortunatelj'  less  a  habit 
than  it  was  some  time  back  for  engineers  and  others 
to  write  specifications  and  letters  in  a  jargon  which 
was  certainly  not  English.  We  have  a  very  rich  and 
expressive  language  which,  unfortunately,  we  are  never 
or  rarely  taught  at  school,  as  by  contrast  a  French 
boy  is  taught  French.  And  yet  we  have  a  wealth  of 
English  literature,  from  the  careful  reading  of  which 
an  Englishman  with  much  practice  can  learn  to  write 
English  that  is  lucid  and  unambiguous. 

The  compulsorv-  teaching  of  the  classical  languages 
in  our  older  universities  is  dying  hard,  but  there  are 


I  signs  that  it  is  dj-ing.  It  is  to  be  hoped  that  if,  by 
I  common  consent,  Latin  and  Greek  cease  to  be  com- 
;  pulsory  subjects,  English  and  French  may  replace 
them  for  educational  purposes.  But  that  will  only  be 
'  of  use  to  your  children.  I  therefore  commend  to  your 
earnest  consideration  as  one  of  the  essential  equipments 
of  the  engineer,  the  acquiring  of  a  style  of  writing 
specifications  and  of  writing  letters  which  is  as  simple 
and  as  straightforward  as  you  can  make  it.  Should 
any  of  j'ou  have  been  taught  English  at  school  or  in 
the  university  you  are  very  fortunate.  Never  let  it 
rust.  But  it  is  safe  to  say  that  most  of  you  have  had 
no  chance  of  learning  to  write  English,  and  to  those 
I  say  it  is  incumbent  on  you  as  electrical  engineers 
to  acquire  the  art  by  noticing  style  in  everything  you 
read.  But  I  warn  you  that  as  your  taste  becomes 
critical  you  will  find  it  almost  impossible  to  read  a 
great  deal  which  is  otherwise  harmless. 

You  are  entering  a  great  profession.  I  sincerely 
hope  that  many  of  you  will  leave  j-our  mark  upon  it 
for  its  good  and  for  your  own.  The  Institution  has 
now,  I  believe,  the  largest  membership  of  any  of  the 
engineering  Institutions.  You  have  done  well  to  join 
it  at  the  beginning  of  your  careers  and  I  hope  you 
will  render  it  loyal  service.  It  is  only  the  lo}-al  service 
of  its  members  of  all  classes  which  can  keep  the  Insti- 
tution great  and  make  it  greater. 


The  Address  was  followed  by  an  interesting  discussion 
in  which  13  Students  took  part,  most  of  the  points 
touched  upon  by  the  President  being  discussed  and 
amplified.  The  President  also  replied  to  some  of  the 
questions  which  were  asked,  and  after  the  discussion 
showed  a  number  of  lantern  slides  illustrating  the 
types  of  electrical  machinery  such  as  cranes,  hoists, 
etc.,  which  have  been  installed  under  his  supervision 
on  the  Great  Western  Railway. 
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The  Annual  Dinner  of  the  Institution  was  held  on 
Thursday,  4th  March,  1920,  at  the  Connaught  Rooms, 
Great  Queen-street,  W.C.  The  President,  Mr.  Roger 
T.  Smith,  presided  over  a  gathering  numbering  about 
400  persons.  Among  those  present  were  : — The  Hon. 
Sir  Charles  Parsons,  K.C.B.  (President,  British  Associa- 
tion), General  Sir  C.  F.  N.  Macready,  G.C.M.G.,  K.C.B. 
(Chief  Commissioner  of  Police),  Sir  G.  E.  P.  Murray, 
K.C.B.  (Secretary,  Post  Office),  Rear- Admiral  Sir  W.  C.  M. 
Nicholson,  K.C.B.  (Third  Sea  Lord  and  Controller, 
Royal  Afai'jv),  Lieut. -Col.  Sir  F  .Younghusband,  K. C.S.I. 
(President,  Royal  Geographical  Society),  Major-General 
Sir  A.  M.  Stuart,  K.C.M.G.,  C.B.,  Sir  John  E.  Thorny- 
croft,  K.B.E.,  Sir  Sydney  Chapman,  C.B.,  C.B.E. 
(Permanent  Secretary,  Board  of  Trade),  Sir  Gregory 
Foster  (Provost,  University  College,  London),  Sir 
William  Slingo,  Major-General  G.  D.  Jeffreys,  C.B., 
C.M.G.  (Officer  Commanding  London  District,  War  Office), 
Rear-Admiral  F.  L.  Field,  C.B.,  C.M.G.  (Director  of 
Torpedoes  and  Mining,  Admiralty),  Mr.  H.  A.  Payne, 
C.B.  (Permanent  Secretary,  Board  of  Trade),  Mr.  E. 
Raven,  C.B.  (Second  Secretary,  G.P.O.),  Captain  H. 
Riall  Sankey,  C.B.,  C.B.E.,  R.E.  (President,  Institution 
of  Mechanical  Engineers),  Captain  A.  K.  Waistell,  C.B. 
(Captain,  H.M.S.  "  Vernon  "),  Col.  H.  C.  Sparks, 
C.M.G.,  D.S.O.,  M.C.  (Member  of  Council),  The  Rt.  Rev. 
Bishop  H.  E.  Ryle,  C.V.O.,  D.D.  (Dean  of  Westminster), 
Sir  W.  H.  Bragg,  K.B.E.,  F.R.S.  (President,  Physical 
Society),  Mr.  W.  W.  Lackie,  C.B.E.  (Electricity  Com- 
missioner), Mr.  C.  H.  Wordingham,  C.B.E.  (Past 
President),  Mr.  P.  R.  Allen,  O.B.E.  (Member  of  Council), 
Colonel  O.  C.  Armstrong,  D.S.O.  (President,  British 
Engineers  Association),  Mr.  LI.  B.  Atkinson  (Vice- 
President).  Mr.  W.  H.  Booth,  O.B.E.  (Electricity  Com- 
missioner), Mr.  H.  F.  Carlill  (Controller  of  Industrial 
Power  and  Transport,  Board  of  Trade),  Mr.  A. 
Carpmael  (Honorary  Solicitor),  Mr.  H.  J.  Cash  (Mem- 
ber of  Council),  Mr.  H.  W.  Clothier  (Member  of  Council), 
Mr.  E.  Guy  Dauber  (Vice-President,  Royal  Institution 
of  British  Architects),  Mr.  J.  Devonshire  (Honorary 
Treasurer),  Mr.  D.  N.  Dunlop  (Member  of  Council),  Dr. 
W.  H.  Eccles  (Member  of  Council),  Mr.  S.  E.  Fedden 
(Member  of  Council),  Mr.  A.  P.  M.  Fleming,  C.B.E. 
(Past  Chairtnan,  North-Western  Centre),  Dr.  C.  C. 
Garrard  (Chairman,  South  Midland  Centre),  Mr.  J. 
Gray  (President,  Society  of  Chemical  Industry),  Mr.  J.  S. 
Highfield  (Member  of  Council),  Mr.  G.  W.  Humphreys, 
C.B.E.  (Chief  Engineer,  London  County  Council),  Mr. 
A.  Hurst  (President,  Institution  of  Railway  Signal 
Engineers),  Mr.  C.  D.  le  Maistre,  C.B.E.  (Local  Hon. 
Secretary  of  American  Institute  of  Electrical  Engineers), 
Mr.  G.  C.  Lloyd  (Secretary,  Iron  and  Steel  Institute), 
Mr.  Stanley  Machin  (Chairman,  London  Chamber  of 
Commerce),  Mr.  W.  M.  Mordey  (Past  President),  Mr.  W. 
Noble  (Engineer  in  Chief,  G.P.O.),  Mr.  A.  Page  (Elec- 
tricity Commissioner),  Mr.  G.  W.  Partridge  (Vice-Presi- 
dent), Mr.  C.  C.  Paterson,  O.B.E.  (Member  of  Council), 


Prof.  J.  E.  Petavel,  D.Sc,  F.R.S.  (Director,  National 
Physical  Laboratory),  Mr.  G.  H.  Roberts,  M.P.,  Mr.  T. 
Roles  (President,  Inforporated  Municipal  Electrical 
Association),  Dr.  S.  Russ  (President,  Rontgen  Society), 
Mr.  J.  Sayers,  O.B.E.  (Member  of  Council),  Mr.  W.  M. 
Selvey  (Chairman,  North  Midland  Centre),  Mr.  A.  P. 
Trotter  (President,  Illuminating  Engineering  Society), 
Mr.  P.  D.  Tuckett  (Member  of  Council),  Prof.  R.  M. 
Walmsley,  D.Sc,  Mr.  B.  Welbourn  (Member  of  Council), 
and  Mr.  P.  F.  Rowell  (Secretary). 

After  the  usual  loyal  toasts  the  President  read  the 
following  congratulatory  telegrams  from  the  Associa- 
zione  Elettrotecnica  Italiana  and  the  American  Institute 
of  Electrical  Engineers  : — 

"  Milan,  ist  March,  1920. 
"  On  behalf  of  the  Italian  Electrotechnical  Associa- 
tion,   I  join   in    hearty  wishes    for    prosperity  of  In- 
stitution. 

"  President  Ferraris." 

"  New  York,  16th  February,  1920. 
"  Please  extend  to  President  and  Members   Institu- 
tion  Electrical   Engineers    greeting   and    felicitations 
from  sister  Society  in  America." 

Sir  Gregory  Foster,  in  proposing  the  toast  of 
"  The  Institution  of  Electrical  Engineers,"  said  :  I  am 
deeply  sensible  of  the  responsibility  that  devolves  upon 
me  in  proposing  what  is  the  toast  of  the  evening.  I 
imagine  that  one  of  the  reasons,  if  not  the  main  reason, 
why  I  have  been  selected  for  this  honour  is  that  I  am 
the  least  electrical  person  in  the  room.  I  cannot  there- 
fore talk  to  you  in  technical  language.  The  beginnings 
of  the  Institution  were  made  in  the  year  1871,  a  year 
that  was  big  with  destiny  for  the  world,  how  big  we  have 
only  learned  in  the  last  five  years.  The  Institution 
began,  I  understand,  as  the  Society  of  Telegraph  En- 
gineers, which  signifies,  I  take  it,  that  in  1871  the  main 
function  of  electricity  in  the  world  was  telegraphy.  In 
the  49  years  that  have  elapsed  since  then  lighting, 
heating,  traction  and  wireless  telegraphy  and  telephony 
have  been  added  to  the  profession.  Of  these  perhaps 
I  know,  by  the  happy  fortune  of  my  position,  most 
regarding  wireless  telegraphy  and  telephon5',  because 
during  many  of  those  years  I  have  been  in  close  contact 
with  my  friend  and  colleague  Professor  Fleming.  Per- 
haps I  may  interpose  here,  what  I  am  sure  you  will  all 
be  glad  to  learn,  that  there  is  now  every  reason  to  hope 
that  Professor  Fleming  will  recover  from  his  recent 
serious  illness.  In  these  49  years  the  Institution's 
destiny  has  been  a  great  one,  and  evidently  it  is  by  no 
means  fulfilled.  What  electricity  can  yet  do  for  the 
world  is  only  a  matter  of  conjecture.  It  is  a  wonderful 
thing  to  look  back  and  see  what  it  has  done  in  those 
years.  You,  with  your  more  intimate  knowledge,  can 
perhaps  forecast  what  it  will  do  in  the  next  50  years,  and 
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can  judge  how  this  great  science  will  throw  out  its 
tendrils  in  all  directions.  I  wonder  whether  I  am  right 
when  I  say  that  the  great  progress  which  has  been  made 
is  due,  in  the  main,  to  what  we  may  call  team  work. 
There  have  been  great  inventions,  made  by  great  in- 
ventors. Every  one  of  them  has  been  led  up  to  and 
has  been  perfected  by  the  industry  of  a  vast  number  of 
others.  I  think  the  lesson  that  we  ought  to  learn  from 
the  war  is  that  in  this  country  there  is  need  for  greater 
provision  for  the  organization  of  research.  We  have 
done  much  in  the  last  50  years  in  the  way  of  developing 
schools  of  engineering,  but  those  schools  of  engineering, 
as  I  know,  have  grown  up  amid  the  greatest  difficulties, 
with  insufficient  resources  even  to  do  the  daily  work 
connected  with  the  training  of  undergraduates,  and 
they  have  been  very  insufficiently  provided  with  those 
requirements  that  are  essential  if  research  is  to  be 
organized,  as  it  should  be,  for  the  progress  of  electrical 
engineering  and  of  science  in  general.  The  Government 
has  at  last  during  the  war  shown  some  sign  of  being 
awake  to  this  need.  It  has  instituted  a  Department  of 
Scientific  and  Industrial  Research,  and  I  think  we  may 
all  hope  that  through  that  Department  better  organiza- 
tion of  research  will  follow  and  greater  progress  be  made 
than  ever  before.  I  wish  your  great  Institution  greater 
distinction  and  usefulness  in  the  next  50  years  than  it 
has  had  even  in  the  last  49  years.  I  have  very  great 
pleasure  in  proposing  this  toast  for  the  personal  reason 
that  I  am  able  to  link  with  it  the  name  of  your  President, 
Mr.  Roger  Smith.  I  have  know  him  since  the  da^^s  when 
we  were  students  together  at  University  College.  I  have 
kept  in  touch  with  him  ever  since,  and  you  who  know 
him  will,  I  feel  sure,  share  with  me  the  feeling  that  he  is 
a  man  we  admire  and  love.  I  congratulate  you  on  your 
President,  because  I  know  that  he  is  a  leader,  and  I  give 
you  the  toast  of  "  The  Institution  of  Electrical  En- 
gineers," coupled  with  his  name. 

The  President  (Mr.  Roger  T.  Smith),  in  respond- 
ing, said  :  I  thank  Sir  Gregory  Foster  very  heartily  for 
the  way  in  which  he  has  proposed  the  toast  of  "  The  In- 
stitution," and  also  for  the  kind  words  that  he  used 
towards  me  as  an  old  student  of  University  College,  of 
which  he  is  the  distinguished  Provost.  The  scientific 
training  of  engineers  and,  above  all,  of  research  workers, 
is  of  the  very  greatest  importance  to  the  electrical  in- 
dustry. University  College  has  decided  to  re-build  its 
engineering  school  and  to  re-equip  its  mechanical  and 
electrical  laboratories,  and  other  Universities  either 
have  done  the  same  or  are  prepared  to  do  so  when  the 
need  arises,  in  order  to  achieve  the  great  educational 
effort  which  is  really  necessary  for  the  progress  of  elec- 
trical science  and  for  the  proper  training  of  the  present 
generation  of  electrical  engineers.  I  thank  this  great 
assembly  for  the  way  in  which  they  have  honoured  this 
toast.  It  is  very  appropriate  that  the  number  present 
at  this  Dinner — I  understand  that  it  is  over  400 — should 
exceed  that  at  any  previous  Dinner,  because  I  believe 
that  this  month  the  Institution  will  have  a  member- 
ship greater  than  that  of  any  other  engineering 
institution  in  the  United  Kingdom.  Next  year  the 
Institution  will  celebrate  its  fiftieth  birthday,  and 
that  event,  coupled  with  our  great  membership, 
ought    to    stimulate   us  to  take  to   heart    Sir   Gregory 


Foster's  words  and  to  determine  'that  the  educa- 
tion of  engineers  and  the  education  of  research 
workers  shall  go  forward.  Satisfied  as  we  may  well  be 
with  a  membership  which  this  month  will  amount  to 
8,800,  we  ought  not  to  be  proud  of  that  membership 
unless  every  member  is  determined  to  make  himself 
more  and  more  efficient  in  the  art  of  electrical  engineer- 
ing based  on  a  sound  scientific  and  general  education. 
1  The  greatest  electrical  event  during  the  present  Session 
has  been  the  passing  of  the  Electricity  Supply  Bill,  and 
I  think  that  the  most  important  provision  under  the 
Act  is  the  pro\'ision  of  five  Electrical  Commissioners, 
four  of  whom  have  been  appointed  and  were  to  have 
been  our  guests  to-night.  Unfortunately  they  are  not  all 
here.  Sir  John  Snell  asked  me  to  say  that  he  deeply 
regrets  that  circumstances  over  which  he  has  no  control 
have  made  it  impossible  for  him  to  be  present.  But 
those  who  are  here  we  welcome.  I  hope  the  Institution 
may  be  able  to  render  such  services  as  it  can  properly 
render  to  the  State  and  to  the  electrical  industry  in  the 
carrying  out  of  the  Act.  No  Act  altering  the  existing 
state  of  things  can  but  be  unwelcome  to  individuals, 
and  to  some  entire  sections  of  the  electrical  supply  in- 
dustry-. But  the  Institution,  however  imperfectly, 
strives  to  represent  all  sections  of  the  industry,  and,  just 
because  it  represents  minorities  as  well  as  majorities, 
occasions  may  arise  when  it  may  serve  a  useful  purpose 
as  a  clearing-house  for  misunderstandings.  If  such  an 
occasion  should  arise,  I  hope  the  Electrical  Commissioners 
will  not  forget  that  the  Institution  is  at  their  disposal. 
Whatever  our  views  may  have  been  of  the  Electricity 
Bill,  and  however  freely  some  of  us  may  have  expressed 
those  views,  that  Bill  is  now  an  Act,  and  the  Institution 
hopes  very  heartily  that  the  administration  of  that  Act 
may  result  in  the  benefits  which  were  intended  when  it 
was  promoted,  namely,  an  abundant  and  cheap  supply 
of  electricity.  Within  the  Institution  itself  perhaps 
the  most  interesting  feature  of  the  last  few  years  has 
been  the  steady  de-centralization  of  some  of  the  efforts 
of  the  Institution  by  means  of  Territorial  Centres  and 
Sub-Centres.  There  are  now  in  the  United  Kingdom  no 
less  than  12  Territorial  Centres  and  Sub-Centres,  while 
abroad  there  are  two  in  existence  and  more  in  contem- 
plation. Sheffield,  Liverpool,  and  the  East  jSIidlands 
have  all  been  formed  as  Sub-Centres  during  the  present 
Session,  and  the  movement  exhibits  a  natural  growth 
tending  to  the  development  of  local  activities  which  is 
whoUy  good.  The  parent  body  in  London,  approaching 
middle  age  with  cheerful  resignation,  is  delighted  with 
the  vigorous  exhibition  of  enthusiasm  by  these  local 
bodies.  Happy  in  the  stored  traditions  of  very  nearly 
half  a  century,  it  is  flattered  that  there  should  be  a  pro- 
posal for  a  London  Centre,  or  was  it  a  Sub-Centre  to 
Manchester  ?  I  must  remind  }'Ou,  however,  that  the 
3,000  odd  members  who  would  form  that  London  Centre 
are  equal  to  the  whole  of  the  membership  of  all  the  other 
12  Centres  and  Sub-Centres ;  and  unfortunately  we 
cannot  for  financial  reasons  afford  to  form  a  Sub-Centre 
in  London.  Every  Centre  and  every  Sub-Centre  costs 
money,  and  when  we  return,  as  I  hope  we  may  do  in  the 
course  of  this  summer,  to  our  own  building  on  the  Em- 
bankment, the  great  difficulty  that  will  face  the  Institu- 
tion at  once  will  be  the  question  of  finance.     Expenses 
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have  gone  up  and,  heartily  as  I  am  in  agreement  with 
the  territorial  constitution  of  the  Institution  involving 
the  making  of  Sub-Centres  to  the  existing  Centres, 
that  is  only  going  to  be  satisfactory  if  it  is  clearly  under- 
stood that  all  these  things  cost  money  and  that  the  mem- 
bers are  prepared  to  meet  that  extra  cost.  Dealing 
with  matters  outside  the  Institution  as  well  as  inside, 
what  we  have  all  looked  forward  to,  and  what  we  all 
now  want  is  peace.  During  the  war  many  sailors 
afloat,  many  soldiers  at  the  front,  and  many  civilians  at 
home,  were  perfectly  at  peace  within  themselves  because 
they  were  performing  service,  service  which  often  in- 
volved personal  loss — money,  health,  limbs,  life — and 
untold  numbers  were  perfectly  at  peace  with  their 
own  souls  because  that  service  was  gladly  given. 
Now  that  peace  is  signed,  at  least  with  Germany, 
the   whole  of   the    world  seems    to    be    in   a    state   of 


unrest,  and  that  is  at  least  partly,  if  not  -wholly, 
because  the  idea  of  service  seems  to  have  departed 
from  entire  sections  of  the  community.  I  believe 
that  the  secret  of  peace  is  service.  I  believe  that 
until  the  idea  of  service,  such  service  as  is  freely 
given  for  example  by  our  King  and  by  the  Prince  of 
Wales,  replaces  the  idea  of  narrow  self-interest  and, 
above  all,  of  class  war,  we  shall  never  have  real  peace. 
The  Institution — and  I  speak  to  my  fellow-members — 
is  a  great  body  with  a  great  inheritance.  It  offers  you 
all  an  opportunity  to  keep  it  great  and  to  make  it  greater 
by  your  unselfish  ser\'ice  in  its  interests.  I  commeixi 
that  service  to  you. 

Mr.  Ll.  B.  Atkinson,  Vice-President,  then  proposed 
the  toast  of  "  Our  Guests,"  to  which  General  Sir  C. 
F.  N.  Macready,  G.C.M.G.,  K.C.B.,  and  Lieut.-Colonel 
Sir  Francis  Younghusband,  K.C.S.I.,  responded. 
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DISCUSSION    ON 
FAILURES  OF  TURBO-GENERATORS  AND  SUGGESTIONS  FOR   IMPROVEMENTS."* 

North-Western  Centre,  at  Manchester,  13  January,  1920. 


Mr.  J.  S.  Peck  :  On  page  127  the  author  refers  to 
the  open-core  construction  as  being  weak.  I  think  this 
depends  entirely  on  the  kind  of  supports  which  are  put 
in  to  form  the  vent  ducts  and  to  secure  the  teeth  at  the 
ends  of  the  core.  If  very  strong  supports  are  used,  and 
if  suitable  methods  are  adopted  for  pulling  up  the  lamina- 
tions, the  core  with  radial  vent  ducts  should  be  quite  as 
rigid  as  one  can  desire.  On  page  128  it  is  stated  that : 
"  The  electrical  weaknesses  in  turbo-alternators  have 
generally  developed  since  the  size  of  the  machines  and 
the  systems  to  which  they  were  connected  increased  to 
over  30,000  liw.  on  a  single  set  of  busbars."  This  is 
not  my  experience.  I  think  there  were  more  troubles 
in  the  early  days  of  turbo-alteinators  than  there  are  to- 
day. We  have  profited  a  great  deal  from  our  failures 
on  the  early  designs  and,  in  spite  ©f  the  enormous  in- 
crease in  the  number  of  machines  in  operation,  the  total 
number  of  troubles  in  1919  was  probably  considerably 
less  than  in  1909.  Regarding  the  method  of  joining 
the  bars,  through  the  slots,  to  the  end  connectors,  we 
have  found  it  better  to  use  sweated  joints.  We  tried 
several  machines  with  welded  joints  and  our  conclusion 
was  that  the  same  reliability  could  not  be  placed  in  a 
welded  joint  as  in  a  sweated  one.  It  is  extremely  diffi- 
cult with  a  conductor  of  fairly  large  cross-section  to 
ascertain  whether  a  weld  is  perfect,  whereas  by  careful 
workmanship  and  inspection  it  is  usually  possible  to 
guarantee  a  sound  sweated  joint.  With  regard  "to 
laminating  the  stator  bars,  our  general  practice  is  not  to 
laminate  so  finely  as  some  makers  do,  but  to  transpose 
the  bars  inside  the  slot  so  that  each  bar  occupies  a  sym- 
metrical position  in  the  slot.  In  this  case  the  ends  of 
the  parallel  conductors  can  be  sweated  together  at  the 
ends,  and  a  solid  end  connector  used.  In  the  section 
headed  "  Heating  and  Fire  Risk  "  the  disastrous  re- 
sults  which   often   happen   when  a    breakdown  occurs 

•  Paper  by  Mr.  J.  Shepherd  (see  page  125). 
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are  pointed  out  very  vividly.  I  think  there  are  two 
methods  of  attacking  this  problem  in  addition  to  the 
method  suggested  by  the  author.  One  is  to  use  fire- 
proof insulation  on  the  end  winding.  I  suppose  all 
makers  have  considered  and  perhaps  attempted  it, 
but  so  far  no  thoroughly  satisfactory  fireproof  insulation 
has  been  found.  The  other  method  is  to  use  automatic 
devices  which,  in  the  event  of  trouble  occurring  in  the 
alternator,  will  instantaneously  discoimect  the  machine 
from  the  busbars  and  at  the  same  time  break  the  field 
circuit.  The  latter  method  is  now  becoming  more  or 
less  general  practice.  Success  in  preventing  ignition 
of  the  insulation  seems  to  depend  upon  the  rapiditj'  with 
which  the  machine  can  be  disconnected  from  the  busbars 
and  the  field  circuit  broken.  The  machine  may  be  dis- 
llbnnected  from  the  busbars,  but  if  the  field  is  left  on, 
or  if  it  takes  a  long  time  to  die  down,  the  fault  is  fed  and 
a  fire  is  likely  to  be  started.  What  little  experience  we 
have  had  with  breakdowns  where  this  device  has  been 
used  seems  to  indicate  clearly  that  the  fire  risk  is  enor- 
mously reduced.  On  page  132  it  is  suggested  that  a 
great  deal  can  be  said  in  support  of  a  temperature  of 
150°  F.  Under  the  British  Standard  Specification, 
with  an  air  temperature  of  40°  C,  this  is  equivalent 
to  a  rise  of  25  degrees  C.  We  generally  assume  in 
this  country  an  air  temperature  of  25°  C,  which  would 
make  an  allowable  rise  of  40  degrees  C.  The  tempera- 
ture rise  of  a  turbo-generator  is  often  specified  as  40 
degrees  C,  but  no  one,  I  think,  would  give  such  a  giaaran- 
tee  if  it  meant  that  the  hottest  part  of  the  machine  was 
not  to  rise  in  temperature  more  than  40  degrees  C.  It 
may  be  possible  to  get  a  machine  with  40  degrees  rise 
shown  by  a  thermometer,  but  everyone  knows  that  the 
internal  temperature-rises  are  much  higher  than  40 
degrees.  We  also  know  that  many  machines  have 
been  in  successful  operation  for  many  years  with  tem- 
perature-rises verv'  much  in  excess  of  this  value.     It  is 
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comparatively  easy  to  make  a  design  which  looks  very 
simple  on  the  drawing  board,  and,  when  studying  a 
drawing,  I  have  often  been  misled  into  thinking  that 
something  could  be  done,  only  to  find  out  after  inspecting 
the  actual  machine  how  badly  I  had  been  mistaken. 
In  Fig.  lo  the  coils  are  shown  lying  beautifully  in  the 
coil  supports,  but  however  well  we  may  insulate  the 
coils,  and  although  we  may  with  open  slots  insulate 
the  coil  completely  from  end  to  end,  there  are  still  the 
joints  between  the  coils  which  must  be  insulated  after 
the  coils  are  in  positioa  It  is  an  extremely  difficult 
thing  to  insulate  these  joints  so  that  they  can  be  clamped 
against  the  metal  coil  supports.  With  regard  to  the 
construction  in  Fig.  9,  I  see  a  good  many  difliculties 
there,  but  I  will  only  say  that  my  chief  objection  to  a 
band  of  the  kind  proposed  by  the  author  is  that  an  arc 
on  the  band  will  probably  burn  through  a  ribbon  and 
the  whole  band  will  then  unwind.  Such  a  thing  may 
easily  result  from  a  breakdown  in  the  stator  winding. 
As  the  author  states,  water  cooling  has  been  used  on 
rotors.  On  the  stator,  however,  as  far  as  I  know,  no 
one  has  had  the  hardihood  to  try  it,  and  certainly  it  is 
a  verv  much  more  difficult  problem.  Welded  or  fused 
joints  are  very  treacherous  One  cannot  be  sure  from 
an  inspection  that  they  are  sound  ;  and  although  we 
may  test  them  out  individually  after  the  material  has 
been  handled,  there  is  a  chance  that  the  joint  may  start 
leaking  and,  once  this  occurs,  disaster  is  almost  certain 
to  result.  The  condition  is  very  difierent  from  that  of  a 
pipe  line,  where  a  leak  causes  no  particular  harm  and 
where  it  is  accessible  and  can  be  readily  repaired.  I 
should  have  great  hesitancy  in  attempting  to  build  a 
machine  with  hundreds  of  joints  which  must  be  water- 
tight, but  I  should  very  much  like  to  see  someone  else 
tackle  it,  for  if  he  were  successful  it  might  mark  the 
beginning  of  a  new  era  in  turbo-generator  design 

Professor  Miles  'Walker  :  This  is  a  paper  of  a 
kind  which  is  too  seldom  put  before  us.  A  user  comes 
forward  and  explains  his  objections.  If  designers  knew 
more  of  the  user's  objections  we  should  be  much  better- 
off.  The  author  also  makes  suggestions  which  I  think 
are  sufficient  to  claim  our  interest  and  turn  our  mind?!' 
into  useful  channels.  Some  of  them  of  course  are  not 
quite  new.  The  author  has  put  forward  very  clearly 
in  the  paper  exactly  why  water  cooling  is  so  attractive. 
The  facts  have  been  before  engineers  now  for  many 
years,  and  have  successfully  been  worked  out  in  rotors. 
It  remains  now  for  the  engineer  to  see  how  they  can  be 
worked  out  in  stators.  In  applying  water-cooling  to 
stators  the  fundamental  difficulty  is  this.  If  we  use  a 
perfectly  closed  metal  pipe  (which  can  of  course  be  made 
watertight)  we  are  in  danger  of  currents  being  generated 
in  the  pipe.  If,  on  the  other  hand,  we  break  up  the  pipe 
into  insulated  sections  then  we  are  in  danger  of  leakage. 
The  author  himself  recognizes  that  difficulty.  I  should 
like  to  ask  him  to  say  in  reply  whether  if  one  of  these 
generators  is  built  according  to  his  drawings  he  will  be 
the  first  person  to  buy  it.  The  suggestion  that  a  very 
high-resistance  nietal  can  be  used  in  making  bands  on 
clamps  or  coils  I  think  is  a  good  one.  I  myself  do  not 
know  of  any  very  reallv  high-resistance  metal  of  sound 
mechanical  properties.  The  very  high-resistance  alloys 
are   rather   troublesome  from   the  mechanical  point  of 


view.  If  the  author  can  tell  us  of  some  really  good 
resistance  metal  having,  say,  50  times  the  resistance  of 
copper,  and  if  he  can  say  it  will  not  crystallize,  but 
retain  its  mechanical  qualities,  that  will  be  a  useful 
thing  to  apply  to  our  present  generators.  The  paper 
is  full  of  suggestions  and  to  each  of  them  there  arises,  I 
think,  a  fairly  obvious  objection.  The  author  is  fully 
alive  to  many  of  these  objections.  At  the  same  time 
these  suggestions  lead  us  to  consider  whether  anything 
can  be  done.  W'ater-cooling  or  fluid-cooling  of  stators 
will  probably  come  in  the  future.  The  A. E.G.  has 
successfully  applied  water-cooling  to  the  frame.  If  we 
can  get  the  iron  into  contact  with  a  stone-cold  stator 
we  have  gone  a  long  way  to  get  rid  of  a  lot  of  heat. 
The  application  of  water-cooling  to  the  end  connectors  is 
a  very  difficult  problem,  and  I  am  afraid  that  the  author's 
suggestions  will  not  go  far  enough.  With  regard  to  the 
question  of  the  amoinit  of  saving  effected  by  using  the 
heat  from  the  cooling  system,  one  must  always  remember 
that  this  energy  is  received  in  the  form  of  heat  at  a  low 
temperature,  not  in  the  form  of  electrical  energy.  Such 
heat  is  generally  worth  very  little  ;  it  may  be  worth 
something  but  it  will  surprise  me  if  the  case  he  gives 
works  out  at  a  capital  value  of  /i 7,000.  The  losses 
are  electrical.  In  order  to  get  the  energy  from  the 
lukewarm  water  we  must  pass  it  through  a  heat  engine. 
If  we  work  out  the  value  of  that  in  money  it  is  worth 
very  little.  It  is  worth  something  like  5  per  cent  of 
the  value  of  the  electrical  energy  lost. 

Mr.  G.  F.  Sills  :  I  presume  the  idea  of  the  author 
in  reading  this  paper  is  not  only  to  bring  new  ideas 
before  us,  but  also  to  review  old  problems  and  to  see 
if  satisfactory  solutions  have  been  found  in  to-day's 
practice.  Concerning  the  question  of  critical  speed,  I 
think  that  any  trouble  from  this  cause  has  been  very 
rare.  The  author  advises  steel-tape  bands  on  the  end 
of  the  rotor  ;  at  the  same  time  he  decries  steel-wire 
bands.  In  event  of  a  breakage  or  burning  through  of 
steel-tape  bands,  the  same  unfortunate  result  comes 
about.  The  author  rather  doubts  the  qualities  of  the 
steel  rotor  end-rings,  pointing  out  that  we  do  not  know 
that  the  steel  is  as^good  as  it  ought  to  be.  We  might 
carry  this  argument  further  and  say  that  the  rotor 
steel  is  not  reliable.  We  think  that  to-day  the  first- 
class  steel  manufacturers  can  give  us  sufficiently  reliable 
steel.  The  author  mentions  possibilities  of  side-slip 
of  rotor  coils.  The  coils  must  be  most  accurately 
formed  so  that  the  coil  actually  occupies  a  radial  position 
in  running,  otherwise  undue  stresses  are  set  up.  Trouble 
has  been  occasioned,  in  a  few  cases,  through  the  move- 
ment of  the  rotor  coils  in  an  outward  direction  ;  but 
this  diflicultv  has  been  eradicated  by  the  use  of  power- 
ful clamping  devices  during  manufacture.  I  believe 
that  all  makers  originally  used  packing  between  the 
rotor  coils,  but  gradually  gave  this  up  as  they  improved 
their  methods  of  manufacture.  The  author  attaches 
great  importance  to  the  stator  core.  Speaking  generally, 
in  the  past  a  certain  amount  of  trouble  has  resulted  from 
insufficient  care  in  building  up  the  core.  Very  large 
machines  sometimes  necessitate  the  cores  being  built 
on  site,  but  when  this  is  the  case  it  requires  great  care 
to  make  such  a  good  job  as  can  be  made  at  the  works, 
where  the  core  after  being  built  >ip  to  a  certain  depth 


AND   SUGGESTIONS   FOR   IMPROVEMENTS." 


267 


should  be  oven-heated  and  pulled  up,  and  this  process 
repeated  3  or  4  times.  It  is  of  the  greatest  im- 
portance that  very  accurate  dies  should  be  used  for 
laminations.  One  large  electrical  firm  was  well  known 
during  the  war  for  the  excellent  work  of  their  tool  and 
jig  room  for  some  of  the  well-known  aero-engine  makers. 
The  practice  of  one  firm  is  to  remove  burrs  from  every 
lamination,  then  varnish  both  the  paper-insulated  and 
bare  sides.  It  has  been  usual  to  use  cast  iron  for  the  main 
end-plates  in  the  stator  core,  but  one  maker  is  now  using 
heavy  cast-steel  end-plates.  I  am  not  referring  to  the 
teeth  end-supports.  Reference  has  been  made  to  the 
solid  stator  conductor.  When  two  bars  per  slot  can  be 
used  and  each  slot  be  made  into  three  compartments, 
a  solid  conductor  can  be  fitted  into  the  compartment 
furthest  from  the  air-gap,  the  middle  compartment  left 
free  for  ventilation,  and  the  outside  compartment  fitted 
with  a  laminated  form  of  conductor,  drawn  into  a  rect- 
angular copper  tube  to  give  the  necessary  strength.  This 
arrangement  gives  better  ventilation,  is  mechanically 
more  robust,  and  has  given  good  service  on  machines  up 
to  6,000  kw.  In  the  first  two  paragraphs  on  page  129 
we  are  first  informed  that  to  use  a  number  of  strips  to 
form  a  conductor  in  one  slot  conduces  to  mechanical 
weakness  ;  then  we  are  told  how  important  it  is  to  have 
mechanical  strength.  W'e  need  to  try  the  happv 
medium.  The  author  queries  the  main  terminal  arrange- 
ments generally  used.  It  is  probable  they  could  be  im- 
proved. Mr.  Peck  mentioned  that  the  automatic  gear 
would,  or  should,  disconnect  a  machine  practically 
instantaneouslj',  and  an  improvement  was  to  use  an 
automatic  field  switch.  There  is  on  the  market  to-day 
a  further  improvement,  viz.  a  field  switch  not  only 
automatic,  but  a  reversing  field  switch  which,  after 
opening  the  shunt  field  of  the  exciter,  again  closes  the 
circuit,  but  in  the  reverse  direction,  so  that  what  might 
be  termed  a  suicidal  condition  results.  With  a  high- 
speed exciter  there  is  a  tendency  for  the  exciter  to  con- 
tinue generating  due  to  the  action  of  the  commutation 
poles,  even  after  the  shunt  field  has  been  broken,  and 
the  above  arrangement  ensures  the  dying  away  of  the 
alternator  field.  The  author  gives  figures  of  the  amount 
of  dirt  collected  bv  an  air  filter.  I  do  not  know  if  it 
has  been  tried,  but  by  taking  the  air  through  first  a  wet 
air  filter  and  then  a  dry  air  filter,  it  would  ensure  a 
supply  of  cool  and  clean  air.  The  dry  air  filter  need 
not  be  extra  large  and  the  cleaning  periods  could  be 
reduced  considerably.  The  cost  of  an  extra  filter  is  onlv 
a  fraction  of  the  cost  of  the  generating  set.  The  author 
mentions  temperature  rise.  This  question  is  generally 
governed  by  price  considerations.  The  British  Engineer- 
ing Standards  Association's  recommendations  suggest 
a  machine  rated  for  the  maximum  continuous  load  it 
will  carry.  The  very  iniportant  subject  of  joints  is 
raised.  This  trouble  should  not  arise  if  an  ample  safety 
factor  is  allowed  for  in  the  surface  area  available  for 
soldering.  Welding  the  joints  can,  of  course,  only  be 
used  on  relatively  thin  conductors,  but,  in  the  event 
of  trouble,  would  be  a  disadvantage.  Fig.  8  (/)  is  pvit 
forward  as  a  patent  of  the  author.  Two  days  ago  I 
was  reading  a  patent  granted  in  igoS  for  the  same  idea, 
but  with  a  dovetail  wedge  in  place  of  the  piece  of  parallel 
metal  shown  in  Fig.  8  (f).     It  is  qusstionable  whether 


it  would  suffice  to  weld  the  top  of  a  parallel  key.  A  better 
construction  would  be  to  use  a  dovetail  ke\',  and  then 
to  weld  on  the  top  to  make  it  watertight.  Coming  to 
Fig.  y,  a  considerable  amount  of  metal  in  the  middle  of 
the  rotor  poles  is  shown  without  any  cooling  slots.  It 
might  be  advisable  to  continue  the  water  slots  all 
round,  as  this  would  give  a  better  average  temperature 
in  the  rotor  body.  As  regards  manufacturers  taking  up 
this  type  of  water-cooled  turbo,  the  makers  ha\'e  to 
consider  whether  engineers  generally  will  agree  to  this 
rather  radical  departure,  apart  from  the  difficulties 
of  manufacture. 

Mr.  G.  A.  Juhlin  :  There  are  many  valuable  sug- 
gestions brought  out  in  the  paper,  as  well  as  severe 
criticisms,  and  I  am  afraid  the  author  takes  an  unduly 
pessimistic  view  of  the  situation.  A  close  study  of  the 
latest  practice  will,  I  think,  show  that  the  points  in 
designs  which  the  author  criticizes  have  been  ettectively 
dealt  with.  There  are  a  few  points  to  which  I  should 
like  to  refer  in  detail.  The  author  comments  upon  the 
difficulties  experienced  due  to  side-slip  of  rotor  coils. 
It  would  be  interesting  to  hear  how  manv  cases  of  trouble 
of  this  kind  have  come  under  his  notice.  I  have  never 
come  across  a  case  of  side-slip  in  a  properly  constructed 
rotor,  and  if  the  coils  are  correctly  formed  and  properly 
assembled  no  trouble  will  be  experienced.  One  may 
well  agree  with  the  author  that  if  the  coils  were  supported 
at  the  ends  as  well  as  in  the  slots,  more  stability  would 
be  obtained,  and  I  have  no  doubt  that  if  experience  had 
shown  this  to  be  necessary  it  would  have  been  done. 
Rotor  end-windings  have  been  enclosed  in  iron,  although 
not  from  the  point  of  view  of  supporting  the  coils  against 
side-slip.  The  slide  which  the  author  exhibited  showing 
the  rotor  construction  does  not  represent  up-to-date 
practice,  and  should  not  therefore  be  taken  as  typical. 
With  regard  to  the  question  of  air  dampers,  we  find 
from  experience  that  if  dampers  are  fitted  in  addition 
to  field-breaking  switches,  fire  can  be  prevented.  In 
this  connection,  the  closed  air  circuit  with  coolers  has 
an  advantage,  as  the  oxygen  in  the  air  would  soon  be 
used  up  and  the  fire  could  not  spread.  Referring  to 
ventilation,  the  author  says  :  "  Whichever  method  of 
producing  the  draughts  is  used,  the  correct  distribution 
of  the  air  after  entering  the  machine  is  a  matter  of 
difficulty."  That  is  correct,  but  I  think  it  should  also 
be  realized  that  at  the  present  time  we  are  able  to  build 
machines  with  perfectly  satisfactory  distribution  of 
the  cooling  air.  Recent  tests  made  on  large  generators 
indicate  an  exceedingly  uniform  temperature  all  along 
the  core,  which  shows  that  the  air  distribution  is  satis- 
factory. In  connection  with  the  rotor  the  author  refers 
to  the  difficulties  of  finding  a  suitable  insulation  to  with- 
stand the  stresses.  Mica,  as  the  author  shows,  is  so 
strong  to  withstand  pressure,  that  the  copper  is  damaged 
before  the  mica.  If  the  mica  can  stand  these  stresses, 
I  do  not  think  there  is  much  danger  of  its  being  damaged 
under  normal  conditions  of  running.  The  question 
of  loose  cores  has  already  been  mentioned.  I  think 
we  may  safely  say  that  that  is  a  thing  of  the  past.  The 
author  advocates  bolts  through  the  core.  This  con- 
struction has  been  used  for  a  number  of  years  and  no 
difficulties  with  loose  cores  are  e.xperienced.  In  con- 
nection with  the  stator  winding,  the  author  showed  slides 
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and  criticized  bracing  by  means  of  sectors  of  fibre. 
Fibre  may  not  be  an  ideal  material  from  a  mechanical 
point  of  view,  but  experience  has  shown  that  machines 
constructed  in  that  manner  will  withstand  short-circuits 
at  the  terminals.  In  Fig.  7,  curves  are  shown  which 
indicate  the  life  of  the  insulation  at  various  temperatures. 
Recent  information  shows  that  mica  insulation  as  used 
on  turbo  bars  will  withstand  much  higher  temperatures 
than  those  indicated  in  these  cur\-es.  A  paper  read  by 
Mr.  Newbury  before  the  American  Institute  of  Electrical 
Engineers  gives  some  very  valuable  results  on  that 
question,  and  it  is  of  interest  to  note  that  American 
practice  is  to  guarantee  an  ultimate  temperature  of 
150°  C.  for  mica  insulation.  We  ought  to  be  grateful 
to  the  author  for  some  of  the  suggestions  he  has  brought 
forward,  but  we  may  offer  some  criticisms  as  to  the 
various  means  adopted  for  obtaining  the  ideal  machine 
he  describes.  On  page  133  he  says  :  "  If  the  modifica- 
tions do  not  introduce  other  difficulties  either  in  con- 
struction or  in  operation."  To  my  mind  that  is  the  crux 
of  the  whole  position,  and  I  am  of  the  opinion  that 
possibly  greater  difficulties  may  be  met  with  than  those 
now  existing.  The  author  says  that  b}'  means  of  water 
cooling  it  is  easy  to  adjust  the  water  flow  so  as  to  give 
a  uniform  temperature  and  thus  eliminate  hot  spots. 
In  Fig.  9,  end  windings  are  laid  in  slots  all  through. 
I  do  not  think  full  appreciation  has  been  given  to  the 
fact  that  the  greatest  drop  of  temperature  takes  place 
in  the  insulation  and  in  the  air  spaces  between  the 
copper  and  the  insulation,  and  between  the  insulation 
and  the  cooling  coils.  It  seems  to  me  that  a  great 
quantity  of  insulation  will  be  necessary'  on  the  ends  to 
make  it  safe  from  mechanical  damage,  etc.  ;  more- 
over, it  will  be  exceedihgly  difficult  to  place  the  coils 
in  position  with  them  Ijang  in  slots  throughout  the  whole 
length.  The  author  gives  a  table  showing  the  relative 
thermal  conductivity  of  mica  insulation  and  air  to  be 
about  16  to  I.  A  small  air  space  therefore  will  give  a 
very  large  temperature  drop.  I  am  rather  of  the 
opinion  that  the  temperature  of  these  end  windings 
may  be  higher  than  in  an  air-cooled  machine.  A 
machine  built  on  somewhat  similar  lines,  but  air  cooled, 
indicated  clearly  that  the  temperature  drop  at  this 
point  was  high.  In  Fig.  10  the  author  deals  with  the 
stator.  The  same  remarks  hold  good  as  regards  the 
question  of  temperature  drop  through  the  insulation. 
It  seems  to  nie  an  exceedingly  difficult  thing  to  get  close 
contact  between  the  supports  of  the  coils  and  the  coils 
themselves.  If  the  outside  coils  wei'e  made  tapered 
it  would  be  possible  to  get  the  coils  clamped  tight  and 
so  obtain  good  contact  with  the  projections  holding 
the  coils  in  position,  but  even  that  I  think  would 
be  an  exceedinglv  difficult  thing  to  do.  A  great  thick- 
ness of  insulation  wovild  be  required  on  the  ends,  and 
in  all  probability  the  temperature  would  be  higher  than 
could  be  obtained  in  an  air-cooled  machine.  Another 
very  serious  difficulty  which  is  introduced  by  the  coil 
supports  is  the  question  of  expansion.  The  author 
claims  that  the  coil  supports  shown  will  give  the  coil 
freedom  of  expansion,  but  it  seems  to  me  there  is  no 
possibilitv  for  the  coil  to  expand,  as  the  ends  are  clamped 
over  the  whole  length.  With  the  usual  types  of  coil 
supports,  a  certain  amount  of  expansion  can  take  place 


without  danger  to  the  insulation.  With  regard  to  the 
claim  that  the  author  makes  for  the  saving  due  to  the 
heat  in  the  water  being  utilized,  there  does  not  seem  to 
be  any  advantage  in  this  respect  over  the  air-cooled 
machine.  In  several  cases  the  hot  air  from  a  machine 
has  been  taken  into  the  boilers,  and  by  that  means  the 
heat  has  been  utilized. 

Mr.  H.  C.  Lamb  :  The  idea  of  collecting  the  heat 
from  the  generator  by  use  of  the  condensate  and  recover- 
ing it  in  the  water  feed  is,  at  first  sight,  a  very  attrac- 
tive one,  but  in  a  modern  station,  equipped  with  the 
best  methods  of  heating  feed  water,  the  saving  on  the 
coal  consumption  would  amount  to  something  less  than 
half  of  I  per  cent.  It  seems  to  me  quite  evident  that 
this  matter  will  be  decided  by  other  considerations  alto- 
gether apart  from  efficiency.  Boiler  plant  in  modern 
stations  is  generally  equipped  with  fan  draught,  and 
there  is  a  tremendous  amount  of  grit  turned  out  from 
the  chimneys.  Cloth  filters  involve  a  great  deal  of 
trouble  and  expense  for  cleaning  and  renewing  the  cloth, 
which  very  soon  rots.  Wet  filters  are  also  heavy  in 
maintenance  costs,  so  that,  from  one  point  of  view,  the 
water-cooled  machine  is  certainly  the  ideal.  It  seems  to 
me,  however,  that  the  author,  in  order  to  make  good  his 
case  for  water  cooling,  has,  quite  unintentionally  of 
course,  given  an  exaggerated  importance  to  the  dangers 
and  troubles  which  exist  to-day  with  air-cooled  machines, 
and  such  an  impression  is  very  bad  for  the  nerves  of 
engineers  who  are  in  charge  of  the  operation  of  plant. 
I  thought  it  might  be  of  interest  to  give  the  records  of 
certain  plant  with  which  I  have  been  connected  for  a 
number  of  years.  This  turbo-generator  plant  has 
grown  during  the  last  eight  years  from  20,000  kw.  to 
100,000  kw.  to-day.  During  that  period,  with  this 
plant  there  have  only  been  two  cases  of  faults  on  stator 
windings,  and  in  no  case  could  the  fault  be  attributed 
really  to  the  alternator  itself.  In  one  instance  the 
turbine  thrust-block  gave  way  and  allowed  the  rotor 
fan  to  foul  the  end  casing,  from  which  a  piece  was  broken 
off.  It  fell  across  the  terminals  of  the  alternator  and 
the  set  was  automatically  cut  off  from  the  busbars.  At 
the  same  instant  the  field  current  was  cut  off  and  the 
damage  done  was  comparatively  trifling.  It  did  not 
take  long  to  repair  it.  The  second  instance  in  those 
8  years  was  not  really  the  fault  of  the  alternator.  Through 
an  accident  some  steam  was  turned  into  the  air  intake 
and  naturally  the  alternator  broke  down.  But  even 
that  did  not  result  in  the  disaster  which  the  author 
rather  led  us  to  think  is  certain  to  occur.  Again  the 
damage  was  repaired  in  a  very  short  time.  It  simph' 
meant  renewing  some  of  the  end  connections.  In  the 
period  of  8  years  there  have  been  two  cases  of  rotor 
faults.  In  one  case  the  rotor  test  indicated  an  earth. 
It  was  during  the  war  and  as  the  machine  could  not  be 
spared  it  ran  on  for  two  years  with  that  earth  on  the 
winding.  When  it  was  eventually  sent  away  for  repair 
it  was  found  that  the  fault  was  due  to  the  windings 
moving  in  the  slots  and  it  had  to  be  entirely  rewound. 
The  other  rotor  fault  was  also  quite  a  small  matter  of 
insulation  breakdown  on  the  end  turns.  These  genera- 
tors, 10  in  number,  have  many  times  been  on  short- 
circuit.  In  some  cases  the  faults  have  been  right  on 
the  busbars,  and  the  evidence  of  short-circuit  has  been 
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very  plain  in  the  amount  of  copper  burned  away,  but  so 
far  as  we  have  been  able  to  discover,  never  in  any  case 
has  any  winding  suffered  on  account  of  this  short-circuit. 
We  could  never  trace  any  movement  of  the  coils  or 
the  end  connections.  For  overhauling  we  have  simply 
found  it  necessary  to  clean  the  windings  thoroughly, 
blow  out  all  the  ventilation  slots,  and  re-vamish  the 
machines  annually.  If  the  period  were  carried  back  to 
lo  years  instead  of  8  years  I  should  have  to  admit  four 
more  cases  of  stator  faults.  One  of  those  was  due  to  a 
defective  joint.  All  the  joints  on  these  machines  are 
sweated,  and  that  is  the  only  instance  of  trouble  due 
to  a  defective  joint.  The  other  three  faults  in  those 
2  years  were  all  due  to  the  burning  out  of  the  cotton 
insulation  between  the  turns  of  the  winding.  In  two 
instances  this  led  to  very  serious  short-circuits  between 
phases.  Still  it  was  not  so  bad  as  the  picture  which 
the  author  has  drawn.  There  was  not  in  any 
instance  any  difficulty  in  tracing  exactly  what  was  the 
cause  of  those  faults.  These  machines  at  that  time 
(lo  years  ago)  were  wound  with  cotton  insulation  be- 
tween the  turns  of  the  winding.  They  were  re-wound 
with  mica  insulation  and  there  has  been  no  instance  of 
trouble  on  the  stator  windings  during  the  last  8  years. 
The  author  compares  very  unfavourably  modern  high- 
speed plant  with  the  low-speed  plant  of  former  times, 
but  my  experience  is  certainly  different  from  his.  In  a 
low-speed  17,000  kw.  plant,  over  a  period  of  15  years,  the 
nimiber  of  faults  which  occurred  was  really  very  great ; 
there  must  have  been  during  that  time  40  or  50  stator 
faults.  That  of  course  was  not  due  to  the  low  speed  ; 
it  was  entirely  due  to  failure  of  the  cotton  insulation  on 
the  turns  of  the  winding  in  the  slots.  When  the  field 
current  was  quickly  cut  off,  these  faults  were  confined 
to  one  or  two  coUs.  In  some  cases  they  spread  to  a 
number  of  coUs  with  very  heavy  short-circuits  between 
phases.  It  may  be  of  interest  to  give  the  figures  for 
maintenance  costs  for  turbo-alternators  as  compared 
with  low-speed  plant.  During  8  years  the  maintenance 
costs  for  plant  which  is  now  100,000  kw.  works  out  at 
o-3d.  per  1,000  kw. -hours.  For  comparison  the  main- 
tenance costs  of  low-speed  generators  for  13  years 
worked  out  at  i|d.  per  1,000  kw. -hours,  i.e.  5  times  as 
much.  I  think  that  the  author  showed  on  the  screen 
the  fine  reciprocating  plant  of  the  London  County 
Council  generating  station  at  Greenwich.  We  have  in 
Manchester  one  of  the  two  largest  low-speed  machines 
which  were  ever  built,  4,000  kw.  It  is  still  standing 
and,  occasionally,  running.  I  hope  it  will  remain  for 
a  long  time  to  come  as  an  interesting  monument 
illustrating  the  engineering  practice  of  the  past. 

Mr.  H.  A.  Ratcliff  :  On  page  129  the  author  deals 
with  the  question  of  internal  versus  external  reactance. 
I  cannot  altogether  agree  with  his  conclusions,  but  I 
think  it  is  very  largely  a  question  of  the  point  of  vie>v. 
One  aspect  of  the  matter  deals  with  the  subject  purely 
from  the  point  of  view  of  protection  of  the  machine 
itself,  and  the  other  from  that  of  the  maintenance  of 
continuity  of  supply.  I  think  the  second  is  perhaps 
the  more  important  consideration,  but  it  is  really  a  case 
of  the  greater  including  the  less,  and  nowadays  when 
so  many  stations  are  running  up  to  the  full  capacity  of 
the  plant  installed,  the  two  are  to  some  extent  identical. 


I  consider  that  internal  reactance  by  itself  does  not 
give  quite  the  same  protection  to  the  system,  and  I  doubt 
very  much  whether  it  gives  the  same  protection  to  the 
machines  that,  under  normal  conditions,  would  be  pro- 
vided by  a  certain  amount  of  suitably  disposed  external 
reactance.  I  take  it  that  reactance  is  intended  to  be 
the  final  protection  when  everything  else  fails  :  when 
switchgear,  relays,  and  other  devices  fail  to  operate, 
reactance  is  looked  to  as  the  ultimate  safeguard,  and, 
further,  in  this  connection  it  should  be  observed  that  the 
protective  action  of  reactance  is  instantaneous  and  there- 
fore effective  long  before  any  electro-mechanical  devices 
could  possibly  operate.  That  being  the  case,  it  is 
necessary  that  the  reactance  should  be  disposed  so  as 
to  protect  the  system  as  well  as  the  machines.  Internal 
reactance  will  protect  a  machine  in  the  event  of  a  short- 
circuit  across  its  terminals,  but  the  shock  caused  by  the 
other  generators  and  synchronous  substation  plant 
feeding  back  to  the  terminals  of  the  faulty  machine  will 
have  most  disastrous  results  upon  the  sj-stem.  I  con- 
sider, therefore,  that  the  better  plan  is  to  have  a  moder- 
ate amount  of  reactance  in  the  machine  circuits,  say 
from  10  to  15  per  cent — preferably  partly  external — and 
in  addition  to  divide  the  system  suitably  by  means  of 
reactance  coils  located  either  between  the  busbar  sections 
or  between  the  busbar  sections  and  a  common  tie-bar 
or  some  such  equivalent  arrangement.  External  re- 
actance undoubtedly  possesses  one  possible  advantage  : 
the  enormous  current-rushes  under  abnormal  conditions 
result  in  the  setting  up  of  intense  electromagnetic  fields 
in  the  reactive  portions  of  the  circuit,  and  these  fields 
exert  enormous  mechanical  forces  on  the  conductors 
fornring  the  reactive  portions  of  the  circuit.  There 
should  therefore  be  some  advantage  in  removing  the 
reactance  fields  and  the  resulting  mechanical  strains 
from  the  machines,  and  in  transferring  them  to  apparatus 
which  has  been  specially  designed  to  deal  with  such 
electro-mechanical  forces.  After  reading  the  paper  it 
appears  to  me  that  it  does  not  matter  very  much  whether 
we  have  i  per  cent  or  50  per  cent  reactance  in  a  machine  ; 
for  if  a  fire  is  once  started,  however  small  the  extent  of 
the  original  cause,  it  would  appear  from  the  author's 
vivid  description  of  such  an  occurrence  that  the  machine 
is  practically  doomed  to  destruction.  It  would  be  a 
verv  good  scheme,  if  possible,  to  construct  machines  so 
that  internal  faults  would  necessarily  develop  as  faults 
to  earth  instead  of  as  faults  between  phases.  If  that 
could  be  done  the  protection  of  machines  would  immedi- 
ately be  very  much  simplified.  The  efficiency  of  these 
large  turbo-generators  is  now  of  the  order  of  95  per  cent 
or  more,  and  therefore  there  is  not  very  much  further 
improvement  to  look  for  so  far  as  the  alternators  them- 
selves are  concerned,  and  it  will  consequently  have  to 
come  from  the  driving  end  of  the  combination.  The 
author  refers  to  the  relative  importance  of  reliability 
and  electrical  efficiency,  and  I  fully  agree  that  in  view  of 
the  enormous  importance  of  maintaining  continuity  of 
supply  (particularly  in  industrial  districts)  it  would  be 
most  unfortunate  if,  for  the  sake  of  a  more  or  less 
illusionary  i  per  cent  in  the  efficiency,  designers 
sacrificed  anything  likely  to  reduce  the  mechanical 
robustness  of  generators. 

Mr.  J.  A.   Kuyser  :    I  want  to  call  attention  to  a 
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point  in  connection  with  tlie  heat  drop  through  the  insu- 
lation.    The  author  deals  already  with  this  on  page  137, 
where    he    says,    "  the    increased    cooling   might   be   in 
excess  of  the  capability  of  the  remainder  of  the  machine 
to  transmit  the  heat  to  the  cooling  ducts  aroimd  the 
copper."     I   agree  with  the  author  on  this  jioint  and 
believe  the  insulation  presents  a  great  difficulty  in  the 
development    of    water    cooling.     The    greatest    future 
for  water  cooling  is,  I  think,  in  the  cooling  of  the  rotor, 
as  there  is  no  difficulty  in  cooling  the  stator  by  air  for 
a  machine  of  large  dimensions.     In  the  case  of  a  rotor 
cooled   bv  air  the  temperature   rise   may  be,   say,  100 
degrees  C.  ;   of  these  100  degrees,  approximately  70  or  80 
degrees  represent  the  heat  drop  through  the  insulation, 
the  lemaining  20  or  30  degrees  represent  the  temperature 
rise  of  the  iron.     If  water  cooling  is  used,  the  tempera- 
ture rise  of  the  iron  may  be  reduced  to  5  degrees  C, 
which  means  a  reduction  in  the  total  heating  of  15  to 
25  per  cent,  corresponding  to  an  increase  in  current  out- 
put of  the  rotor  of  7  to  12  per  cent.     To  get  a  real  bene- 
fit from  water  cooling  it  would  therefore  be  advisable 
to  reduce  the  heat  drop  through  the  insulation,  at  the 
same  time  as  the  cooling  of  the  iron  is  improved.     This 
can  be  done  bv  inci^easing  the  number  of  slots  and  in- 
creasing the  surface  of  the  insulation.     An  increase  m 
the  number  of  slots  means,  however,  increased  mechani- 
cal difficulties.     Another  way  to  deal  with  the  drop  in 
the   insulation   is   to   use   oil   cooling   instead   of   water 
cooling,  and  bring  the  oil  into  direct  contact  with  the 
copper.     If  this  were  possible,  very  high  current  densities 
could  be  obtained.     Some  years  ago  I  looked  into  the 
possibility  of  oil  cooling,  but,  on  account  of  the  diffi- 
culties of  keeping  joints  oil-tight,  the  scheme  was  not 
further  considered.     In  connection  with  the  construc- 
tion shown  in  Fig.  8  (/),  the  slot  is  closed  by  means  of  a 
plug,  and  the  plug  is  welded.     This  construction  looks 
somewhat  weak.     Due  to  the  rotation  of  the  rotor  the 
cooling  water  is  subjected  to  centrifugal  forces,  and  a 
hydrostatic  pressure  is  created.     If  the  rotor  diameter 
is  30  inches  at  3,000  r.p.m.   this  hydrostatic  pressure 
will  be  roughly  1,000  lb.  per  square  inch,  and  this  pressure 
acts  on  the  filling  piece.     I  would  suggest  the  use  of  a 
wedge-shaped  filling  piece.     In  this  connection  another 
point  requires  further  consideration,  namely,  in  Fig.   9 
the   joint    between    the    bronze    coil    support    and    the 
steel  rotor.     The  hydrostatic  pressure  at  this  joint  would 
be   roughly    750   lb.    per   square   inch,    and    difficulties 
can   be   expected   m   keeping  the  joint  tight.     Bat   in 
addition  there  is  a  tendency  due  to  the  static  pressure 
to  press  the  bronze  coil-support  away  from  the  rotor 
in  an  axial  direction.     The  force  acting  on  the  support 
from  this  cause  is  roughly  35  tons.     The  coil  support 
is  prevented  from  moving  by  a  ring  screwed  on  the 
shaft  end,  but  in  view  of  the  continuous  vibration  it  is 
doubtful   if   Ihis   will   prevent   all   movement   and   also 
leakage  of  water.     With  regard  to  the  stator  winding, 
the  author  recommends  a  continuous  mechanical  sap- 
port,   and  in   the  construction  illustrated  in  the  paper 
an  e.xcellent  support  is  provided.     The  difficulty  would 
be  to  insulate  the  end  connections  sufficiently,  as  they 
are  in  direct  contact  with  metal  parts,   and  it  is  not 
possible  to  use  "  Micarta  "  insulation  as  frr  the  straight 
part  of  the  slot.     For  this  reason  most  m.inufacturers 


prefer  to  keep  tlie  end  connections  away  from  iron  by 
blocks  made  of  wood  or  mica.     The  author  exhibited 
a  slide  showing  the  stator  winding  of  a  25,000  k.v.a. 
alternator  of  my   design.     In   this   type  of  winding  a 
practically    continuous    support    is    provided    for    the 
winding.     The    stator    bars   outside   the  core  are  sup- 
ported by  strong  fibre  segments  which  prevent  bending 
and  cracking  of   the   mica.     This   particular  generator 
was   subjected  to  a  short-circuit  at  the   busbars   with- 
cmt    any    damage    to    the    winding.     As    regards    the 
design    of   the   stator    conductors,    I    quite    agree    witli 
the    authors    recommendation    to    use    a    less    drastic 
division.     The  winding  should  be  designed  so  that  the 
eddy    currents    are   a    maximum   from    the   bottom   of 
the  slot  to  the  top  of  the  slot ;   this  means  lamination 
of   the    conductors    near    the    slot    opening,    and  solid 
conductors  in  the  bottom   of  the   slot.     The  end  con- 
nections  should,   if    possible,   not  be  laminated   at  all. 
I    have    proposed    an    improved    form    of    winding    in 
which    the    conductors    are    laminated   and    twisted    in 
the   slot,  each  laminated  conductor  being  connected  to 
a    solid    end    connector     (patent     120788/1018).     This 
winding  has  proved  very  successful  after  several  years' 
experience.     The    25,000    k.v.a.     machine    which    the 
author  showed  as  a  slide,  has  a  single  conductor  per  slot, 
consisting   of    11    laminations ;    these   laminations    are 
divided  in  four  groups,  each  group  being  twisted  in  the 
slot,  and  each  group  connected  to  a  solid  end  connector. 
Special   connections   between   successive   poles   prevent 
currents  between  the  four  parallel  circuits.     The  autho 
mentioned  several  defects  of  the  air-cooled   machines, 
amongst  others  the  fire  risk.     This  is  closely  connected 
with  the  method  used  for  air  cleaning,  and  in  this  con- 
nection  I   believe  the   future   system  will  be   the   air- 
circulation  system,  in  which  the  hot  air  coming  from  the 
generator  is  cooled  in  a  surface  cooler  and  re-circulated 
through  the  machine.     This  svstem  does  away  with  all 
difficulties   in   air   cleaning   and   fire   risk.     The   author 
mentions  the  impossibility  of  equal  distribution  of  air 
and  the  presence  of  hot  spots.     In  this  connection  I  will 
give   some   results   of   a   test   made   on   the   previously 
mentioned  25,000  k.v.a.  machine.     The  test  was  made 
at   30,000  k.v.a.   until   the   temperature  was  constant. 
The  temperature  rise  of  the  stator  core  was  measured 
over  the  whole  length.     The  following  are  the  observed 
figures   26-29-30-31-33-32-38-34-26-31-28   degrees   C. 
As  will  be  seen,  the  temperature  was  very  aniform.    The 
maximum  tempeiature  rise  in  the  centre  is  only  20  per 
cent  above  the  average  rise.     The  system  of  ventilation 
used  is  of  the  radial  axial  type  as  described  in  the  Journal 
(iqi6,  vol.  5],  p.  178V 

Mr.  K.  Baumann  :  At  the  top  of  page  136  the  author 
says  :  "  The  whole  of  the  heat  losses  in  the  alternator 
would  then  be  utilized."  He  has  made  it  more  clear 
to-night  by  stating  that  the  saving  effected  on  a  10,000 
kw.  set  is  ;/^i 7,000  capital  value.  I  should  be  very  sorry 
if  anyone  went  away  with  a  wrong  impression  as  to  the 
possible  saving,  and  I  will  prove  that  the  saving  is  not 
^17,000  but  ^^1,700.  The  heat  in  the  alternator  is  at  a 
very  low  temperature  and  is  of  very  little  commercial  use. 
The  reason  why  we  introduce  heat  into  a  power  station 
is  to  produce  mechanical  work,  and  the  value  of  the  heat 
must  be  measured  bv  the  amount  of  mechanical  work 
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it  is  capable  o£  producing.  The  temperature  of  the 
condenser  may  be  raised  from  80°  F.  to  go°  F.,  and  heat 
at  this  temperature  is  obviously  not  of  much  use  for  pro- 
ducing mechanical  work.  There  is,  however,  a  more 
accurate  way  of  proving  my  point.  The  commercial 
value  of  heat  can  be  measured  by  the  amount  of  mechani- 
cal work  which  must  be  sacrificed  to  produce  a  similar 


by  the  power  station,  which  is  one-tenth  only  of  that 
on  which  the  author's  figures  of  capital  costs  are  based. 
There  is  another  difficulty  arising  out  of  the  use  of  con- 
densate for  cooling  the  alternator.  The  condensate 
temperature  may  vary,  due  to  variation  of  the  vacuum. 
In  the  case  of  a  drop  in  the  vacuum  due,  for  instance, 
to  decrease  in  the  quantity  of  circulating  water,   the 


Fig.  C 


Fig.  E. 


Water 


Fig.  D. 


amount  of  heat  at  the  same  temperature.  With  an 
alternator  efficiency  of  95  per  cent  and  a  thermal  effi- 
ciency of  the  plant  of  20  per  cent,  the  heat  due  to  the 
losses  in  the  alternator  represents  i  per  cent  of  the  total 
heat  in  the  coal.  A  similar  amount  of  heat  of  low  tem- 
perature can  be  obtained  by  sacrificing  very  little 
mechanical  work  in  the   following  manner.     In  a   10- 


temperature  of  the  condensate  would  drop  suddenly, 
causing  a  rise  in  the  temperature  of  the  alternator. 
The  output  of  the  turbine  may  drop  slightly,  but  not 
in  proportion  to  the  reduced  capacity  of  the  alternator, 
owing  to  the  lower  temperature  of  the  cooling  water. 
Another  disadvantage  of  the  proposed  system  is  the  fact 
that  at  the  higher  loads,  when  coldest  water  is  desirable 


Water 


Fig.  H. 


Fig.  G. 


stage  turbine  about  i  per  cent  of  steam  is  bled  from  the 
turbine  at  a  point  between  the  ninth  and  tenth  stages, 
and  this  steam  is  used  for  heating  the  condensate.  The 
amount  of  mechanical  work  sacrificed  is  10  per  cent  of 
the  work  possible  with  i  per  cent  of  steam,  that  is  one- 
tenth  of  I  per  cent  of  the  total  mechanical  work  pro- 
duced. The  saving  in  the  coal  consumption  by  utiliz- 
ing the  heat  losses  of  the  alternator  is  accordingly 
only  one-tenth  of  i  per  cent  of  the  whole  heat  consumed 


for  cooling  the  alternator,  the  temperature  of  the  con- 
densate is  highest,  with  the  result  that  the  overload 
capacity  of  the  alternator  is  considerably  reduced.  It 
is  of  interest  to  compare  the  trend  of  development  of 
turbo-alternators  with  the  development  in  the  cooling 
arrangements  of  turbo-compressors  which  has  taken 
place  during  the  last  10  years,  and  which  is  diagiam- 
matically  illustrated  in  Figs  C,  D  and  E.  In  1910 
turbo-compressors  used  to  be  cooled  by  water  within  the 
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compressor  itself  (Fig.  C),  and  the  air  was  cooled  whilst 
it  was  being  compressed.  Owing  to  various  disadvan- 
tages attached  to  this  system  a  well-known  firm  developed 
a  few  years  later  a  system  of  cooling  (Fig.  D)  in  which 
no  coohng  took  place  in  the  compressor  itself,  the  whole 
of  the  air  being  taken  at  various  stages  to  a  separate 
cooler  where  all  the  cooling  took  place.  In  the  latest 
designs  (Fig.  E)  the  same  principle  is  retained,  but  the 
coolers  are  arranged  within  an  extension  of  the  com- 
pressor casing,  the  whole  forming  a  compact  unit. 
A  similar  development  is  likely  to  take  place  in  connec- 
tion with  the  proposals  for  cooling  turbo-alternators, 
as  is  diagrammatically  illustrated  in  Figs.  F.  G  and  H. 
In  the  author's  proposals  water  is  applied  for  cooling 
within  the  alternator  itself  (Fig.  F).  Recent  develop- 
ments are  in  favour  of  a  closed  air  circulation  with  an 
air  cooler  (Fig.  G.)  arranged  within  air  ducts  close  to  the 
alternator  itself.  In  a  further  development  this  cooler 
can  be  arranged  within  the  alternator  stator  casting 
(Fig.  H),  the  whole  forming  a  compact  unit.  This  ar- 
rangement would  be  particularly  suitable  for  motors 
and  generators  for  marine  work.  The  space  occupied 
is  quite  reasonable,  as  is  shown  by  the  sketches  which 
are  approximately  to  scale.  Most  of  the  disadvantages 
of  present  arrangements  indicated  by  the  author,  such 
as  excessive  space  required  by  the  air  ducts  and  risk 
of  sea  water  reaching  the  winding,  are  eliminated. 

Mr.  J.  Shepherd  (in  reply)  :  Mr.  Peck  considers 
the  suggestions  for  impro\'ements  very  fairly  and 
raises  certain  questions,  some  of  which  have  been  dealt 
with  in  my  opening  reply  (see  page  148).  He  suggests 
making  the  supporting  fingers  between  the  teeth  of 
air-cooled  machines  of  larger  section  to  give  a  more 
solid  core.  This  construction  sacrifices  ventilating 
space.  The  method  of  core  support  proposed  in  Fig.  10 
allows  the  entire  surface  of  the  tooth  to  be  supported, 
and  the  greater  the  support  the  better  the  cooling. 
Mr.  Peck  very  correctly  states  that  the  two  difficulties 
in  the  designs  shown  in  Figs.  9,  10  and  11  are  risk  of 
water  leakage  and  the  application  of  insulation  to. 
the  curved  end  connections.  The  first  difficulty  I 
have  dealt  with  already.  With  open  stator  slots  the 
stator  bars  and  end  connections  can  be  insulated  and 
steam  pressed  before  insertion  into  the  machine,  leaving 
only  the  joints  between  top  and  bottom  layers  to  be 
insulated  in  position.  This  portion  of  the  insulation 
need  not  necessarily  be  clamped  against  the  metal 
supports.  The  packing  of  the  end  turns  correctly  into 
place  need  not  present  any  difficulties.  Steam  can  be 
circulated  through  the  coolers  to  heat  up  the  coils 
and  render  the  insulation  pliable  ;  in  fact  the  supports 
can  be  used  during  construction  in  a  similar  manner 
to  steam-heated  moulding  presses.  Regarding  the 
reliability  of  fusion  welding,  the  repairs  carried  out  to 
the  engines  and  boilers  of  the  German  liners  in  New 
York  Harbour  during  1917  furnish  an  example  of 
what  is  possible  under  far  more  difficult  conditions 
than  in  a  well-equipped  works.  Further,  the  designs 
of  coolers  can  be  modified  to  some  extent  to  enable 
the  simplest  and  most  easily  welded  joints  to  be  used. 
If  a  high-pressure  marine  cylinder  broken  to  fragments 
can  be  repaired  in  situ  by  fusion  welding,  there  should 
be    no     difficulty    in    successfully    fusion-welding    any 


designs  put  forward,  under  the  more  comfortable 
workshop  conditions  at  Trafford  Park,  for  example. 
Fusion  welding  has  only  been  developed  during  the 
last  10  years,  and  progress  during  the  last  5  years  has 
been  remarkable.  Quite  apart  from  the  applications 
noted  in  the  paper  other  branches  of  engineering, 
particularly  shipbuilding,  boiler  work,  pipework,  are 
further  developing  fusion  welding,  and  progress  during 
the  next  few  years  will  be  even  more  remarkable.  The 
practicability  of  budding  up  a  substantial  metal  seal 
to  the  water  joints  by  deposition  from  an  electrolyte 
under  high  velocity  is  also  capable  of  practical  de- 
velopment. 

Professor  Miles  Walker  briefly  reviews  existing 
proposals  for  the  cooling  of  turbo-alternators  by  water ; 
so  far  as  I  know  I  have  recorded  them  all  in  my  paper. 
No  originality  can  be  claimed  for  water  cooling  per  se, 
but  only  in  the  character  of  its  application.  I  have 
indicated  the  various  weaknesses  of  air-cooled  machines 
and  shown  how,  by  using  water-cooling  devices  of 
suitable  designs,  these  existing  weaknesses  may  be 
remedied.  It  is  the  general  opinion  of  experienced 
engineers  that  water  cooling  of  alternators  must  come, 
and  I  endeavour  to  show  how  its  adoption  can  be 
most  useful'v  applied.  Respecting  suitable  resistance 
metals,  the  most  suitable  appear  to  be  copper-nickel 
alloys,  but  I  do  not  know  of  any  with  a  resistance 
so  high  as  50  times  that  of  copper.  Monel  metal  is 
an  alloy  in   commerce  havmg  suitable  properties  : 


Melting  point    .  . 
Electrical  resistance 
Tensile  strength 
Yield  point 


2,490°  F. 

25  times  that  of  copper 

88,000  lb.   per  sq.   in. 

56,500 


In  reply  to  the  query  of  buying  water-cooled  alternators, 
I  hope  I  may  buy  many  such  machines.  With  respect 
to  the  proposals  not  being  complete,  they  are  only 
intended  as  suggestions  on  which  working  designs 
may  be  based.  The  question  of  utilizing  the  internal 
heat  from  generators  is  dealt  with  later. 

Mr.  Sills  criticizes  the  proposal  of  steel-tape  bands. 
My  objection  to  sohd  steel  bands  applies  more  par- 
ticularly to  those  of  special  steels  such  as  chrome  and 
nickel,  and  not  to  ordinary  carbon  steel  of  which  the 
rotor  bodies  are  forged.  Dealing  with  stator  cores,  future 
machines  will  generally  be  so  large  that  building  must 
take  place  on  site  where  facilities  for  heating  up  during 
construction  do  not  exist.  The  cooling  elements  may, 
however,  be  used  as  heaters  if  desired.  The  proposal 
of  air  spaces  between  the  two  layers  of  stator  bars 
in  the  same  slots  appears  to  be  a  heavy  sacrifice  of 
usefid  and  very  expensive  core  space.  Regarding  hollow 
rotor  teeth,  the  patent  mentioned  by  Mr.  Sills  is  British 
Patent  No.  17,414/1908  covering  a  construction  for 
hollow  air-cooled  teeth.  Dealmg  with  the  proposal 
shown  in  Fig.  8  (/),  if  desired  the  closmg  strip  may  be 
caulked  and  welded,  or  dovetailed  and  welded  ;  but 
welding  alone  offers  a  strong  construction.  Regarding 
water  cooling  displacing  air  cooling,  there  can  be  no 
question  that  large  machines  in  future  must  be  so 
constructed;  the  idea  may  be  too  novel  for  immediate 
acceptance. 

Mr.    Juhlin   is    a   designer   of   very  wide  loiowledge, 
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and  I  know  has  experienced  most  if  not  all  the  troubles 
set  out  in  the  paper.  \\Tiilst  most  of  the  mechanical 
weaknesses  have  been  rectified  in  the  latest  machines, 
the  mechanical  weakness  of  the  insulation  still  re- 
mains. I  cannot  consider  Mr.  Juhlin  to  be  really 
serious  when  he  questions  the  necessity  of  greater 
stability  of  the  end  turns.  With  practically  everj' 
breakdown  the  end-turns  and  the  ends  of  the  stator 
bars  are  the  first  points  examined  when  investigating 
the  cause  of  the  breakdown.  The  lives  of  insulation 
given  in  Fig.  7  are  expressions  of  opinion  and  not 
fundamental  laws.  Other  quantities  are  also  involved 
besides  temperature,  viz.  stiffness  of  the  conductor, 
character  of  its  supports,  operating  and  transient  vol- 
tages. These  facts  are  clearly  brought  out  in  the  paper 
to  which  Mr.  Juhlin  refers,  viz.  "  Experimental  Data 
Concerning  the  Safe  Operating  Temperature  for  Mica 
Armature-Coil  Insulation,"  bv  F.  D.  Xewbuiy  {Trans- 
actions of  the  American  Institute  cf  Electrical  Engineers, 
1915,  vol.  34,  p.  2747).  He  showed  that  the  original 
Niagara  machines  with  solid  conductors  {i  11/32  in.  x 
7/16  in.)  had  a  life  of  20  years  with  a  working  temperature 
of  over  300°  F.  During  that  time  oniv  4  per  cent  of  the 
stator  bars  were  replaced,  although  the  reactance  was 
only  about  5  per  cent.  Later  Niagara  machines  were 
built  with  weaker  bars,  which  failed  very  quickly  owing 
to  the  lack  of  rigidity  and  the  consequent  bending 
of  the  bars  where  leaving  the  stator  slots.  Mr.  JuhUn 
points  to  the  great  strength  of  mica  under  compres- 
sion. I^n fortunately,  with  thoroughly  laminated  bars 
the  mica  insulation  is  usually  stressed  as  a  beam,  more 
or  less  supported  at  intervals.  Now  if  the  bars  and 
connections  throughout  their  entire  length  are  con- 
tained in  continuous  winding  slots  the  insulation  can 
only  be  subjected  to  compression  stresses,  the  condition 
of  maximum  strength.  The  difficulty  of  tight  packing 
of  end  turns  together  and  against  their  driving  projec- 
tions is  raised.  With  open  stator  slots  the  coils  and 
end  connections  can  be  insulated  and  steam  pressed 
before  winding,  the  bottom  laver  can  be  inserted  with 
temporary  (split)  projections  between  the  groups  of 
end  connections,  and  the  whole  gradually  steam  heated. 
When  the  insulation  is  pliable  and  soft  the  split  tem- 
porarj-  projections  can  be  gradually  opened  by  tapered 
screws,  and  the  groups  of  conductors  tightly  clamped 
together  and  one  by  one  the  permanent  projections 
inserted.  The  cooUng  devices  when  steam  heated 
allow  greater  winding  facilities  than  in  the  case  of 
the  ordinary'  machine,  and  I  cannot  see  any  difficulty 
in  making  a  compact  mechanical  structure  of  the  end 
turns.  The  question  of  expansion  has  already  been 
dealt  with  ;  the  increment  in  length  is  so  small  that 
allowance  for  it  can  easily  be  given.  The  rotor  construc- 
tion shov\Ti  on  the  slide  to  which  Mr.  Juhlin  objected 
was  one  from  his  owm  firm,  taken  some  little  time  ago. 
Mr.  Lamb  raises  the  question  of  waste-heat  value, 
which  is  dealt  with  later.  I  am  glad  to  learn  his  ex- 
perience of  failures  has  been  limited  in  extent.  Re- 
garding reUabiUty  of  low-speed  turbo-generators,  I 
referred  of  course  to  Uke  conditions  and  not  to  cotton- 
insulated  low-speed  plant  against  mica-insulated  turbo- 
generators. In  confirmation  of  my  opinion  he  should 
see  Mr.   Newburv^'s  paper  mentioned   earlier. 


Mr.  Ratcliff  discusses  reactances  :  the  matter,  how- 
ever, is  rather  wide  of  the  subject  of  the  paper.  With 
the  large  systems  of  the  future,  with  single  stations 
exceeding  200,000  k.v.a.,  external  reactances  will  prob- 
ably be  a  necessity.  The  form  that  will  be  adopted 
will  be  something  different  from  present  designs,  as 
perfect  mechanical  strength  must  be  their  first  necessitJ^ 

Mr.  Kuyser  considers  water  cooling  only  from  one 
point  of  view,  viz.  heat  transference.  The  necessity 
of  mechanical  support  to  the  windings  is  an  equally 
important  matter,  especially  with  the  large  machines  of 
the  future.  Regarding  water  pressure  in  the  rotors 
with  speeds  of  3,000  r.p.m.,  this  will  be  considerable 
in  amount,  though  much  under  the  pressures  of  ordinarv' 
hydraulic  practice.  For  a  pressure  of  1,000  lb.  per 
square  inch  a  small  steel  pipe  would  usually  be  about 
0-125  in.  thickness.  The  thickness  shown  in  Fig.  8  (/) 
is  about  I  inch.  If  desired  the  closing  plug  may  be 
dovetailed.  The  centrifugal  stress  is  onlv  about 
600  lb.  per  lineal  inch.  Leakage  at  the  supports  at 
each  end  of  the  rotor  can  be  prevented  by  suitable 
packing  compressed  to  a  higher  degree  than  the  internal 
water  pressure,  and  each  fixing  nut  if  necessarv-  can 
be  augmented  by  a  ring  of  set  screws.  The  design  of 
fibre  cage  supporting  the  ends  of  the  stator  bars  as 
they  leave  the  slots,  proposed  by  Mr.  Kuyser,  may 
appeal  to  the  designer,  but  it  cannot  be  placed  in 
position  on  groups  of  bars  without  some  slack,  and 
at  the  best  is  a  more  imperfect  support  than  the  con- 
tinuous slot.  The  external  air  cooler  removes  the 
difficulty  of  air  filtration,  but  leaves  the  alternator 
with  its  present  weaknesses,  nor  does  it  entirely  remove 
the  fire  risk.  The  e.xample  of  temperature  distribution 
given  by  Mr.  Ku3'ser  shows  a  maximum  variation  of 
12  degrees  C.  When  some  of  the  air  passages  are  par- 
tially choked  by  dirt  a  larger  difference  maybe  expected. 

Mr.  Baumann  deals  with  the  heat  value  of  the 
alternator  losses,  and  with  a  figure  of  ;^i  7,000  given 
verbally  at  the  Manchester  meeting.  With  an  electrical 
unit  of  10,000  kw.  and  5  per  cent  loss,  50  per  cent 
load  factor,  and  coal  at  50s.  per  ton,  the  heat  given 
to  the  hotvvell  by  the  circulating  arrangement  shown 
in  Fig.  13  is  equivalent  to  that  of  300  tons  of  coal  per 
annum,  which  capitahzed  at  6  per  cent  for  15  years 
^;/^i7,ooo.  In  stations  having  no  exhaust  steam  and 
where  the  hotwells  are  heated  by  live  steam  this  is 
the  correct  figure.  If,  however,  exhaust  steam  is 
available  by  bleeding  the  exhaust  steam,  or  by  fixing 
a  heater  near  the  exhaust  end  of  the  turbine,  the  same 
amount  of  heat  can  be  obtained  at  a  much  cheaper 
rate.  Many  existing  stations  are  still  using  Uve  steam 
for  heating.  Regarding  the  form  of  air  cooler  proposed 
for  marine  use  shown  in  diagram  form  (Fig.  H),  the 
arrangement  is  certainly  very  compact  and  I  have 
been  wondering  whether  it  has  the  approval  of  Jlr. 
Baumann's  colleague,  Mr.  Peck.  He  views  with  con- 
siderable misgiving  the  presence  of  solidly  welded 
water  joints  inside  the  machine,  but  the  arrangement 
shown  in  Fig.  H  will  contain  manj'  more  water  joints 
either  packed  or  expanded.  The  rolling  of  the  ship 
in  rough  weather  will  throw  considerable  racking 
stresses  on  the  long  vertical  air  cooling  tubes,  and 
consequentiv    upon    their    joints    at    the   tube    plates. 
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Removing  the  coolers  further  from  the  alternator 
gives  no  benefit,  as  the  current  of  coohng  air  would 
immediately  sweep  the  leakage  water  into  the  windings. 
In  effect,  what  Mr.  Eaumann  suggests  is  a  cooler  with 
metal  cooling  tubes  about  No.  i8  gauge,  whilst  in  the 
proposals  put  forward  metal  of  less  than  No.  lo  gauge 
would  not  be  used,  and  generally  the  enclosing  walls 
would  be  I  inch  or  more  in  thickness.  With  an  external 
cooler  for  the  ventilating  air  it  would  appear  that,  whilst 


the  alternator  would  remain  with  its  present  weaknesses, 
the  risks  of  water  leakage  would  be  certainly  as  great 
with  the  external  coolers  (Fig.  H)  as  with  the  internal 
coolers  (Figs.  9  and  10).  The  moral  to  be  drawn  is 
that  a  novel  construction  (Figs,  g  and  10)  is  open  to 
suspicion  whilst  a  famihar  construction  (Fig.  H)  is  not. 
If  water  coohng  is  contemplated  at  all  the  problem 
should  be  viewed  broadly'  and  all  its  possible  advantages 
considered. 


North-Eastern  Centre,  at  Newcastle,  26  January,  1920. 


Mr.  J.  Rosen  :  I  cannot  agree  with  the  author  that 
turbo-alternators  as  at  present  designed  are  unreliable. 
Machines  put  into  commission  15  years  ago  are  still 
running,  and  during  this  period  have  received  only 
occasional  overhauls.  Certainly  there  have  been  difficul- 
ties and  failures,  but  these,  as  pointed  out  in  the  paper, 
are  largely  the  result  of  the  large  increases  in  the  size 
of  plant,  and  also  due  to  station  conditions  ;  the  several 
causes  of  the  troubles  have  now  been  traced  and  over- 
come. Station  engineers,  as  a  rule,  do  not  pay  sufficient 
attention  to  the  electrical  end  of  the  plant.  If  on 
every  occasion  when  the  turbine  is  overhauled — about 
once  a  year — the  alternator  rotor  were  removed,  an 
examination  made  of  the  alternator  windings,  and  the 
stator  windings  subjected  to  a  pressure  50  per  cent 
above  phase  voltage,  a  large  number  of  the  serious 
breakdowns  would,  I  think,  be  obviated.  A  local 
breakdown  under  the  pressure  test  is  readily  repaired, 
whereas  a  breakdown  on  load  is  more  serious  and 
usually  results  in  the  complete  rewinding,  and  even 
rebuilding,  of  the  stator  core  with  consequent  inconveni- 
ence and  expense.  An  examination  and  test  such  as 
those  outlined  can  be  made  at  a  time  when  it  is  possible 
to  spare  the  machine  and  make  the  necessary  repairs. 
Such  an  overhaul  is  well  worth  while,  and  is  an  effective 
insurance  against  a  breakdown  at  a  time  when  the  machine 
can  ill  be  spared.  I  shall  now  refer  briefly  to  some  of 
the  difficulties  mentioned  in  the  paper.  The  critical 
speeds  and  stresses  in  the  present  design  of  rotors  are 
now  accurately  calculated.  The  running  speed  is  kept 
well  away  from  the  critical  speed,  and  also  a  large  factor 
of  safety  for  the  stresses  is  allowed  in  the  design.  Recent 
improvements  in  material,  and  new  methods  of  testing, 
reduce  to  a  minimum  the  danger  of  a  breakdown  due 
to  faulty  material.  The  author  refers  to  a  36  in. 
diameter  rotor  running  at  3,000  r.p.m.,  which  gives 
a  peripheral  speed  of  470  feet  per  second.  This  speed 
certainly  appears  to  be  high,  and  I  should  be  interested 
to  have  any  further  particulars  of  this  machine  which 
the  author  is  able  to  give.  Nickel  chrome  steel  rings 
are  not  a  novelty,  as  the  author  suggests.  They  have 
been  successfully  employed  by  Messrs.  C.  A.  Parsons  & 
Co.  during  the  past  10  years.  Also,  quite  recently,  a 
design  of  bronze  rotor  end  cap  filled  with  high-tensile 
steel  bands  has  been  used  ;  this  cap  was  fitted  to  a  single- 
phase  alternator,  the  rotor  windings  of  which  were  secured 
by  the  bronze  end  cap,  as  it  was  impossible  to  use  nickel 
chrome  steel  rings  owing  to  the  resulting  overheating 
due  to  eddy  currents.  Side  slip  of  the  rotor  windings, 
mentioned  on  page  127,  is  eliminated  by  the  accurate 


I  forming  of  the  rotor  coils  and  by  suitably  packing  them. 
E.xception  is  taken  to  the  flexible  coupling.  This 
type  of  coupling  with  flat  faces  is  perfectly  satisfactory, 
so  long  as  the  working  pressure  is  kept  within  limits 
dictated  by  long  experience  and  the  lubrication  is 
properly  arranged.  An  imperfectly  lubricated  coupling 
will  certainly  give  trouble.  A  safeguard  in  case  of  fire 
is  the  use  of  steam  sprays,  which  have  been  fitted  inside 
the  stator  end-shields  on  a  few  machines  in  this  country, 
but  up  to  the  present  it  had  not  been  found  necessary 
to  use  them.  Another  difficulty  to  which  the  author 
does  not  refer  is  the  danger  of  grit,  coke  dust,  or  similar 
material  being  drawn  into  the  alternator  and  thrown 
out  by  the  rotor.  The  result  is  a  sand-blast  action  on 
the  stator  conductors,  which  rapidly  cuts  into  the 
insulation.  I  have  had  experience  of  such  trouble, 
but  before  a  breakdown  occurred  the  fault  was  located. 
However,  if  a  breakdown  had  occurred,  the  evidence 
of  the  cause  of  the  breakdown  would  have  been  completely 
destroyed.  This  confirms  the  necessity  previously 
mentioned  for  having  periodic  overhauls  of  the  alternator. 
The  author  has  encountered  difficulties  with  what  he 
terms  "  crushed  strand  "  construction  of  conductors.  I 
should  like  to  say  that  cables  made  upon  Parsons'  cable- 
making  machine  have  been  very  successful  and  have 
given  little  or  no  trouble.  The  special  feature  of  the 
machine  is  that  the  cable  is  made  of  any  desired  section, 
and  is  formed  without  any  cores  and  without  crushing. 
The  only  pressure  to  be  applied  is  that  required  for 
moulding  the  insulation  on  the  conductor.  By  the 
methods  employed,  a  very  mechanical  and  substantial 
construction  is  obtained.  Sweated  joints  with  this  type 
of  conductor,  with  the  strands  stemmed  tightly  in  the 
loop  of  the  end-connection  strip,  give  no  trouble.  The 
Haefley  wrapping  referred  to  on  page  128  gives  a  very 
hard  tube  which  has  a  high  dielectric  strength.  The 
mechanical  properties  of  such  insulation,  however, 
are  not  unlike  those  of  porcelain,  and  it  has  proved  in 
many  cases  unsuitable  for  use  in  turbo-alternators. 
Experience  has  proved  that  the  insulation  used  must 
have  flexibility,  and  must  permit  of  relative  movement 
between  the  copper  and  the  insulation  and  between 
the  various  layers  of  insulation.  Such  flexibility  is 
essential  on  turbo-alternators  owing  to  the  comparatively 
long  length  of  conductor  bar,  as  repeated  expansion 
and  contraction  of  the  copper  must  take  place  while  on 
load  ;  further,  some  "  give  "  of  the  windings  is  inevitable 
when  machines  are  subjected  to  short-circuiting  such 
as  is  certain  to  occur  in  practice.  The  insulation  and 
varnish  chosea  must  be  such  that  they  always  retain 
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this  quality  of  flexibility.  I  recall  a  case  of  a  breakdown 
under  pressure  test,  at  cracks  in  the  hard  insulation  of 
a  conductor  bar,  immediately,  after  the  machine  had 
been  dried  out.  A  similar  breakdown  occurred  on 
another  machine  due  to  the  same  cause  after  the  machine 
had  been  in  commission  for  four  years.  The  author 
refers  at  length  to  the  water-cooling  of  turbo-alternators, 
and  he  considers  that  it  will  eventually  prove  a  cure  for 
the  difficulties  experienced  with  the  air-cooled  machine. 
It  might  be  of  interest  to  give  a  short  history  of  the 
earliest  experiments  in  liquid-cooling,  which  I  think 
was  first  applied  to  electrical  machinery  by  Sir  Charles 
Parsons  in  his  first  very  high-speed  dynamos  built 
in  18S4  to  1889.  In  these  machines  the  shaft  of  the 
dynamo  armature  was  hollow,  and  cool  oil  was  continu- 
ously pumped  through  it  to  the  outboard  bearing.  In 
1904-5  an  alternator  was  built  in  which  the  stator  core 
was  cooled  by  an  arrangement  of  ducts  very  similar 
to  those  described  by  the  author  in  Fig.  10.  In  1905 
another  alternator  was  built  in  which  the  stator  core 
was  cooled  by  a  series  of  longitudinal  water  pipes,  which 
passed  through  specially  provided  tunnels  towards 
the  outside  of  the  core  and  connected  by  water  boxes 
at. each  end  of  the  core.  The  results  of  the  tests,  as 
far  as  I  know,  were  not  published,  but  the  experiments 
show  that  water  cooling  of  electrical  plant  has  already 
been  seriously  considered.  With  a  water-cooled  alter- 
nator there  is  the  danger  of  bringing  the  water  into 
proximity  to  the  alternator  windings  and  of  possible 
leaks  occurring.  Leaks  cannot  be  entirelv  obviated. 
In  the  case  of  the  more  recent  water-cooled  rotors  of 
Messrs.  C.  A.  Parsons  &  Co.'s  manufacture  referred  to 
in  the  paper,  weldless  steel  tubes  are  used  to  circulate 
the  water  and  all  the  joints  are  made  outside  the  stator 
end  shields,  so  that  if  a  leak  occurs  it  is  at  once  apparent 
and  there  is  no  danger  to  the  windings.  Facilities 
are  provided  for  cleaning  the  water  spaces.  Designs 
with  projections  from  the  rotor  body  between  the  coil 
ends  were  set  out,  but  were  not  adopted  owing  to  the 
difficulty  in  making  allowance  for  the  expansion  of 
the  windings.  It  should  not  be  forgotten  that  bj- 
bringing  the  stator  end-windings  throughout  their 
length  into  close  contact  with  metal,  thicker  insulation 
must  be  used,  and  therefore  an  increased  heat  drop 
must  be  allowed  across  the  insulation,  which  means 
either  more  expensive  machinery,  or  higher  tempera- 
tures than  are  at  present  permissible  ;  also  there  will 
be  an  increased  eddy-current  lo.ss  in  the  metal  supports, 
and  this  loss  will  be  by  no  means  negligible.  The  paper 
gives  engineers  an  insight  into  some  of  the  difficulties 
with  which  the  manufacturer  has  to  contend,  and  I  hope 
it  will  result  in  a  better  understanding  between  the  station 
engineer  and  the  maker,  as  it  is  only  by  the  closest  co- 
operation that  difficulties  can  be  foreseen  and  overcome. 
Mr.  W.  G.  Turner  :  I  am  most  interested  in 
the  proposal  to  substitute  water  cooling  for  air  cooling 
of  turbo-alternators,  which  method  I  feel  sure  will  be 
adopted  extensively  in  the  future.  By  the  adoption 
of  the  method  suggested  of  utilizing  the  condensate 
for  cooling  purposes  the  greater  part  of  the  heat  losses 
of  the  alternator  will  be  utilized  and  the  plant  be  rendered 
more  efficient.  Further,  a  greater  output  and  a  more 
flexible  alternator  will  be  obtained  from  the  same  total 


weight  of  the  material.  The  chief  difficulty  appears 
to  be  to  design  a  machine  in  which  the  cooling  water 
can  be  conveyed  through  the  water-circulating  system 
without  leakage.  Again  a  difficulty  arises  in  that 
the  condensate  of  the  steam  turbine  does  not  always 
comply  with  the  ideal  conditions  recommended.  Firstly, 
plant  has  often  to  be  run  for  a  considerable  tiine  with 
leaky  condenser  tubes  both  before  and  after  the  dis- 
covery is  made  ;  secondly,  there  is  the  possible  danger 
of  impurities  reaching  the  condenser  through  the 
priming  of  boilers  ;  and,  thirdly,  with  mixed-pressure 
or  exhaust-steam  turbines  thick  oil  is  always  found  in 
the  exhaust  steam  and  condensate  in  spite  of  precautions 

[  taken  to  eliminate  it.  These  troubles  would  each  tend 
to  make  the  condensate  impure  and  might  cause  corrosion 
or  deposit.  It  would  appear  to  be  necesary  so  to  design 
the  machine  that  access  could  be  gained  to  all  water 
passages  for  cleaning  purposes.  Further,  the  water 
passages  should  be  so  designed  and  constructed  as  to 
prevent  sudden  changes  in  the  direction  of  flow  of 
the  water  such  as  would  occur  in  the  small  pipes  leading 
into  the  hollow  rotor  teeth,  shown  in  Fig.  9,  where  the 
scouring  action  set  up  due  to  the  change  in  direction 
of  flow  might  ultimately  wash  through  the  metal  and 
so  cause  leakage.  These  remarks  should  not  in  any 
sense  be  considered  of  a  condemnatory  character  but 
as  a  means  of  drawing  attention  to  possible  causes  of 
failure  of  the  scheme  now  put  forward. 

Mr.  J.  W.  Jackson  :     The   author  referred   to   the 
turbine  as  having  been   first  installed  in   1903,   but   I 

'  would  point  out  that  the  turbine  had  become  a  commer- 
cial proposition  on  the  North-East  Coast  some  years 
before  that  date.  In  this  district  many  experiments 
have   been   made   on   air  cooling   and  filtering.     Great 

i  difficulties  had  been  met  with  on  cloth  filters  and  also 
on  spray  filters.  The  cloth  filter  from  many  points  of 
view  was  very  satisfactory  while  in  use,  but  proved  most 
difficult  to  clean  when  out  of  action,  the  particular 
difficulty  being  that  of  finding  a  laundry  to  undertake 
work  of  this  sort,  wdth  which  the  usual  power  station 
staff  appeared  unable  to  cope,  ^^'hile  reports  as  to 
the  behaviour  of  the  spray  filter  indicate  great  divergence 
of  opinion,  in  some  cases  it  has  been  found  extremely 
sensitive  to  changes  in  humidity  of  the  atmosphere, 
thus  allowing'  large  quantities  of  free  water  to  enter 
the  alternator  system.  The  same  trouble  apparently 
can  be  caused  by  having  too  big  a  pressure  or  too  small 
a  pressure  on  the  sprays  ;  that  is  to  say,  there  is  an 
ideal  pressure  for  the  sprays  in  their  original  condition 
of  cleanliness,  and  this  pressure  of  course  varies  as  the 
sprav  orifices  become  fouled.  There  is  a  further  difficulty 
of  keeping  the  spray  system  in  order  through  severe 
frosts.  We  have,  however,  had  experience  also  with 
the  Heenan  &  Froude  type  of  filter  and  have  found 
a  considerable  degree  of  freedom  from  the  troubles  above 
mentioned.  This,  however,  we  consider  to  be  due  to 
the  fact  that  we  are  continuously  changing  the  water 
in  the  tanks,  thereby  keeping  down  to  a  minimum  the 
solids  in  suspension  and  the  concentration  of  solids 
in  solution.  A  scheme  has  been  developed  for  water 
cooling  the  circulating  air  on  the  inverse  principle  of  the 
air  heater.  Circulating  water  such  as  is  used  in  the 
condenser  would   prove   quite   suitable   for   this   work. 
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As  the  air  is  contained  in  a  completely  closed  system 
it  requires  cooling  only,  and  so  no  Alteration  troubles 
can  possibly  develop.  The  author  has  developed  a 
system  of  water  cooling  which  will  call  for  a  wider  appli- 
cation of  this  system  and  which  has  already  been  put 
into  practice,  so  far  as  the  cooling  of  the  rotor  wind- 
ings, with  very  good  results.  The  author  points  out 
the  necessity  for  providing  against  the  possibility  of 
corrosion  and  for  making  sure  that  the  water  employed 
will  be  quite  inert.  There  are  two  special  difficulties 
that  appeal  to  us  in  this  particular  respect.  One  is 
that  it  would  be  far  better  to  use  water  which  is  entirely 
separated  from  the  condensate  but  which  can  be  cooled 
in  a  standard  water  cooler,  using  the  condensate  as  the 
circulating  water  for  this  cooling  system.  The  water 
used  on  the  enclosed  system  will  then  only  need  to  be 
treated  once  to  remove  all  corrosive  influences,  and 
experience  has  proved  that  with  suitable  chemicals 
the  water  can  be  kept  in  a  perfectly  neutral  condition 
from  a  corrosion  point  of  view.  If,  however,  the  con- 
denser condensate  water  is  used  direct  on  this  system, 
then  the  whole  of  the  water  passing  through  the  alterna- 
tor will  require  treatment,  and  this  we  are  afraid  will 
condemn  the  system  since,  m  order  to  put  this  cooling 
water  into  such  a  state  that  there  will  be  no  danger  from 
corrosion,  the  water  may  just  as  easily  be  rendered 
totally  unsuitable  for  boiler-feed  purposes.  The  other 
difficulty  is  to  ensure  that  the  water  used  on  the  cooling 
system  is  never  allowed  to  fall  in  temperature  below 
the  dew  point,  as  otherwise  a  serious  amount  of  free 
water  would  collect  on  the  surfaces  of  the  whole  of  the 
cooling  system  and  considerable  damage  be  done  to  the 
alternator.  On  page  131  the  author  points  out 
difficulties  experienced  with  rotor  couplings  of  the  flexible 
type.  We  have  seen  many  turbo-generators  of  various 
capacities  fitted  with  flexible  couplings  and  the  con- 
clusion we  have  arrived  at  is  that,  provided  the  wearing 
surfaces  are  kept  under  observation  when  the  remainder 
of  the  plant  is  undergoing  its  general  overhaul,  st)  as  to 
make  sure  that  the  couplings  really  are  flexible  and  do 
not  become  rigid,  it  is  by  far  the  best  system  of  connec- 
tion between  the  two  different  types  of  machines.  We 
have  seen  very  serious  trouble  develop  on  turbo-alter- 
nators where  the  couplings  have  been  rigid,  and  the 
cause  for  this  does  not  seem  far  to  seek;  namely,  that 
unless  the  designer  has  laid  the  plant  out  in  such  a 
way  that  the  centres  of  the  respective  machines  are  in 
line  when  the  turbine  is  working  under  a  certain  loading 
condition  which  will  be  normal  load,  there  is  bound  to 
be  trouble  from  vibration  due  to  the  differences  in  height 
of  centres  on  the  no-load  and  light-load  conditions  which 
may  cause  this  vibration  to  persist  for  even  two  hours 
after  the  machine  has  been  got  on  to  full  load.  It  will 
be  seen  that  the  point  that  the  designer  must  keep  before 
him  in  this  connection  is  an  extremely  difficult  one  to 
settle,  and  so  we  favour  the  flexible  coupling  every  time 
for  this  reason.  The  author  points  out  the  necessity 
of  obtaining  a  varnish  or  compound  for  treating  the 
coils  of  his  alternator  which  will  have  the  following 
properties:  good  heat  conductivity,  high  insulating 
properties,  water-proofing  properties,  and  be  fire- 
resisting.  Should  the  author  be  successful  in  his  search 
we  should  be  glad  to  hear  further  from  him. 


Mr.  J.  R.  P.  Lunn  :  I  can  fully  confirm  what  Mr. 
Jackson  has  said  with  regard  to  the  corrosive  action  of 
condensed  water,  as  I  know  of  cases  where  whole  lengths 
of  wrought-iron  feed  pipes  have  had  to  be  renewed  owing 
to  the  extent  to  which  they  were  corroded  by  the  con- 
densed water  passing  through  them.  I  should  like  to 
ask  the  author  whether  oil  could  not  be  used  for  cooling 
purposes  instead  of  water,  as  with  oil  a  leakage  would 
not  be  so  likely  to  cause  trouble.  The  oil  would  of 
course  have  to  be  cooled  and  that  would  tend  to  increase 
the  cost.  I  can  also  confirm  from  my  own  experience 
what  the  author  has  said  in  regard  to  the  choking  up 
of  the  air  passages  unless  great  care  is  taken  in  filtering 
the  air.  Cloth  filters  are  very  expensive  and  trouble- 
some to  keep  in  good  working  order,  and  they  are  liable 
to  get  choked  with  dirt  and  to  reduce  to  a  serious  extent 
the  air  passing  through  the  alternator.  We  are  using 
wet  air  filters  of  the  water-film  type  and  find  that  they 

;    give  satisfactory  results.     They  do  not  remove  the  very 

j  fine  soot  from  the  air,  and  if  white  cotton  wool  is  suspended 
between  the  filter  and  the  alternator  it  soon  becomes 
dirty,  but  we  find  very  little  dirt  in  the  alternators, 
and  that  is  the  main  consideration.  I  had  a  case  recently 
of  the  cracking  of  the  micanite  insulation  on  the  stator 
bars  under  the  short-circuit  conditions  referred  to  by  the 
author.  An  internal  short-circuit,  set  up  by  arcing 
at  a  defective  joint,  occurred  in  a  3,000  kw.  alternator, 
and  although  the  machine,  which  is  protected  by 
balanced  transformer  trip-gear,  was  disconnected  before 
any  appreciable  damage  was  done  by  the  arc,  it  was 
found  that  the  micanite  insulation  on  all  the  stator  bars 

j  of  a  certain  length  was  cracked  at  the  point  where  the 
bars  emerged  from  the  core  plates.  These  stator  bars 
were  unsupported  except  by  the  end  connections  as  they 

i  did  not  project  very  far,  but  other  stator  bars  which 
projected  much  further  from  the  stator  core  were  pro- 
vided with  supports  and  these  bars  were  not  injured  by 
the  strain  set  up  by  the  short-circuit.  The  very  trifling 
amount  of  burning   or  fusing   which   occurred   in   this 

1  case  indicates,  I  think,  the  great  advantage  of  efficient 
protective  gear,  and  especially  of  the  system  of  killing 
the  alternator  field  at  the  same  time  as  the  main  switch 
is  opened.  In  order  further  to  minimize  the  damage 
caused  by  an  electrical  breakdown  in  an  alternator, 
I  consider  it  desirable  to  fit  dampers  in  the  air  ducts, 
so  that  whenever  there  is  reason  to  suspect  that  firing 
is  occurring  inside  the  alternator  the  damper  can  be 
closed  and  the  supply  of  air  shut  off.  I  have  fitted 
dampers  to  my  alternators  but  so  far  have  not  had 
reason  to  use  them.  I  do  not  understand  why  there 
should  be  so  much  difficulty  in  measuring  the  tempera- 
ture of  the  alternator  wmdings  while  the  machine  is 
running.  It  is  surely  possible  to  fix  a  distance  thermo- 
meter at  some  point  in  the  alternator  at  which  a  temper- 

1  ature  very  nearly  approaching  the  maximum  will  be 
attained,  and  although  it  may  not  be  possible  actually  to 
measure  the  maximum  temperature  it  should  not  be 
difficult  to  obtain  data  which  would  enable  the  maximum 
temperature  to  be  calculated  with  approximate  accuracy 
from  the  readings  of  this  thermometer.  At  any  rate  this 
would  be  a  much  more  accurate  guide  than  to  take  the 
temperature  of  the  ventilating  air  leaving  the  machine, 
as  when  the  ventilating  passages  become  choked   the 
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temperature  of  the  air  leaving  the  machine  for  any  given 
conditions  of  loading  would  be  lower,  and  the  actual 
temperature  of  the  windings  would  be  higher  than  when 
the  ventilating  passages  were  clean. 

Mr.    C.    T.    S.    Arnett    [communicated)  :     There   is 
undoubtedly  much   to   be   desired   in  the   quality* and 
method  of  insulating  the  stator  windings  of  large  alter- 
nators ;    also  the  end  bracing  of  some  machines  is  far 
from  satisfactory-,  especially  in  alternators  of  6,000  kw. 
and   over.     I    consider   that   an   alternator  wound   for 
3,000  volts  and  direct  coupled  to  the  supply,  i.e.  not 
through  transformers,  has  to  stand  surges  which  make 
it  necessarj-  to  insulate  this  machine  with  as  heavy  insula- 
tion material  as  that  used  for,  say,  a  10,000-volt  machine, 
since  the  6,000-volt  machine  may  quite  well  have  to 
stand  voltages  on  a  surge  of  a  very  high  value.     Amongst 
other  machines  we  installed  a  6,000  kw.  set  at  2,500  volts, 
and  after  this  machine  had  been  running  six  months 
with    an    unearthed    neutral    one    of    our    high-tension 
overhead  feeders  went  to  earth  on  one  phase,  a  short- 
circuit  occurred,  since  there  had  evidentlj^  been  a  weak 
spot  in  the  windings  of  the  alternator  on  one  other 
phase   which   did   not   show   untU  the   disturbance   on 
the  overhead  feeder  fault  developed,  the  end  windings    1 
were   verj'   badly  distorted,   and   the   machine  had   to 
have  these   end   connections   rebuilt.     The   contractors 
were  inchned  to  blame  the  wet  air  filter.     The  machine 
was  put  on  load  again  after  repairs  had  been  effected, 
and  the  wet  air  filter  was  kept  out  of  commission,  the 
insulation    then    varied   to    a   certain  extent  \vith  the 
humidity  of  the  atmosphere  but  gradually  fell  to  the 
dangerously  low  figure  of  0-4  megohm.     The  machine 
was  taken  out,  cleaned,  varnished,  and  special  attention 
was  given  to  a  point  where  two  phases  cross  at  the  end 
windings,  then  put  back  into  commission  with  the  wet 
air  filter  in  commission  and  up  to  the  present  the  insula- 
tion has  remained  good.     Dampers  are  now  fitted  to 
the  wet  air  filter  and  the   air  outlet.     If  these  are  not 
closed    when    the    machine    is    standing,    condensation 
takes  place  on  the  winding  and  the  chimney-draught 
action   of   the   ventilating   passages   to   and   from    the 
machine  conducts  outside  air  and  dust  to  the  windings, 
and  if  the  atmosphere  is  very  humid  condensation  takes 
place.     It    is    therefore    in    my    experience    absolutely 
essential    to    have    dampers    to    stop    natural    draught 
circulation  of  air  when  a  machine  is  cold  and  the  wet 
air  filter  is  off.     All  this  goes  to  show  that  in  this  case 
it  is  not  the  wet  air  filter  (if  properly  used)  that  develops 
weak  spots  in  the  insulation  but  the  circulation  of  moist 
air  and  dust  from  outside.     Tests   indicated  a  fall  of 
insulation    resistance    when    dampers    were    left    open 
and  the  wet  air  filter  was  off  on  humid  days  with  the 
machine  standing  or  running,  whereas  on  all  occasions 
insulation    resistance    increased    when    dampers    were 
closed  with  the  machine   standing,  and  remained  con- 
stant   when    the    machine    was    running    on    the   wet 
air  filter.     There   is  no  doubt  that  the  proper  specifi- 
cation   and    proper    handling    of    quotations    by     the 
buyer  plays  a  great  part  in  the  satisfacton,-  ser\-ice  of 
an  alternator.     It  is  too  often  found  in  a  large  works, 
such  as  an  iron  and  steel  works,  that  an  alternator  is 
bought    on    price    by    the    chief    mechanical    engineer 
who  has  no   knowledge  of  electrical   engineering,   and 


the  sooner  general  managers  recognize  that  the  chief 
engineer  must  be  both  an  electrical  and  a  mechanical 
man  the  sooner  wiU  they  get  more  continuous  serv'ice 
from  their  rapidly  increasing  electrical  equipment. 
Makers  should  be  encouraged  to  vie  with  each  other  from 
the  point  of  construction  rather  than  of  price,  although 
price  must  be  taken  into  consideration  but  only  when 
balanced  against  construction.  To  do  this  with  all 
electrical  equipment  will  require  men  of  a  high  standard 
which  I  am  sure  can  be  obtained  from  our  university 
graduates  who  must  also  have  had  years  of  practical 
experience.  There  is  much  to  be  said  in  favour  of  the 
re-circulation  of  the  discharge  air  of  the  alternator, 
after  passing  this  air  through  a  cooler.  This  is,  in  my 
opinion,  the  best  method  for  very  dirty  atmospheres. 

Mr.  T.  Carter  (communicated)  :  I  think  that  on 
the  whole  the  paper  is  much  too  pessimistic,  and  one 
of  the  most  definite  answers  to  the  rather  gloomy 
position  taken  up  by  the  author  is  that  such  accidents 
as  he  has  described  do  not  happen  daUy.  I  think  that 
manufacturers  are  fully  aware  of  the  defects  which  are 
bound  up  with  their  designs,  and  they  are  already  working 
very  satisfactorily  along  the  lines  of  many  of  the  remedies 
proposed  by  the  author.  We  are  all  waiting  patiently 
for  someone  to  discover  the  perfect  insulation,  the 
characteristics  of  which  are  well  known  but  so  difficult 
to  produce.  I  hope  that  the  discussion  on  this  paper 
wiU  be  an  indication  to  the  Electrical  Research  Com- 
mittee that  the  problem  of  insulation  is  extremelv 
urgent. 

Mr.  H.  W.  Clothier  (communicated)  :  It  is  over 
20  years  since  Ferranti  single-phase  alternators  with 
stationary  armatures  were  made,  and,  Lf  I  remember 
correctly,  the  end  windings  of  each  core  section  were 
closely  packed  in  a  separate  cast  gunmetal  box  lined 
on  the  inside  with  moulded  ebonite.  This  box  formed  a 
support  for  the  coU  and  was  a  system  of  metal-clad 
protection  for  the  conductors.  At  the  same  time  it 
clamped  the  end  core-plates.  It  seems  to  me  that  the 
armouring  of  conductors,  so  usefuUy  applied  to  other 
apparatus  on  a  power-supply  system,  should  be  equally 
beneficial  to  alternator  design,  and  that  the  practice 
initiated  on  the  early  British  alternators  and  advocated 
bj-the  author  should  have  ever^' encouragement  from  al- 
ternator designers.  On  reference  to  Fig.  10  a  weak  point 
occurs  where  the  coil  leaves  the  core.  It  is  unarmoured 
here  and  I  understood  the  author  to  say  that  the  particu- 
lar place  was  a  source  of  trouble  on  existing  designs.  It 
will  be  interesting  to  watch  the  future  development. 
If  it  leads  to  a  complete  armouring  of  all  conductors 
throughout  the  whole  electrical  circuit,  such  a  policy 
certainly  seems  to  make  for  strength  and  safety. 

Mr.  W.  T.  Dalton  (communicated)  :  ^\^lether  sta- 
tion engineers  agree  with  or  dispute  the  author's  state- 
ment "  that  modem  turbo  plant  does  not  compare 
favourably  for  reliability  with  the  old  low-speed  reci- 
procating sets,"  will  probably  depend  upon  individual 
experience.  The  author  states  that  failures  as  a  rule 
onlv  occur  on  large  sets;  but  2.ooo-k%v.  to  3,000-kw. 
generators  would  not  be  called  large  as  matters  progress 
to-day,  and  there  have  been  failures  with  such  sizes. 
In  two  instances  the  machines  were  running  at  unity 
power  factor  with  the  air  outlet  temperature  90  to  95°  F. 
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This  does  not  look  like  temperature  trouble,  but  rather 
failure  of  insulation.  The  present  general  design  of 
alternators  makes  it  necessary  to  .arrange  the  end 
windings  of  the  stator  in  a  confined  space  at  each  end, 
the  space  available  being  determined  by  the  diameter 
of  the  stator  frame  ;  but  even  at  the  sacrifice  of  symme- 
trical design  more  room  could  be  given  for  the  end 
windings  by  increasing  the  diameter  at  each  end, 
thereby  providing  greater  space  for  insulation,  air- 
cooling,  and  efficient  anchoring.  In  comparing  old  plant 
with  modern  plant  one  must  take  into  consideration 
that  the  present-day  ideas  of  rating  are  very  different 
from  those  of  years  ago  ;  and  this  fact,  together  with 
the  high  speeds  which  are  now  universal,  must  tend 
towards  greater  risk.  Vibration  on  such  plant  cannot 
be  entirely  eliminated,  and  therefore  the  opening  up 
of  plant  for  frequent  inspection  will  in  many  cases 
result  in  the  detection  of  small  defects  which,  if  allowed 
to  develop,  would  lead  to  complete  breakdown.  It  is 
possible  for  a  dry  air  filter  to  be  cleaned  by  a  vacuum 
cleaner  while  the  machine  is  running,  and  this  practice 
is  in  common  use.  The  fitting  of  a  breaking  switch 
in  the  main  alternator  field  operated  in  conjunction 
with  the  Merz-Price  protection  gear  has  come  into  favour 
of  late  years,  and  prevents  the  disastrous  fusing  of  the 
core  and  conductors  in  the  event  of  an  internal  short- 
circuit.  Apart  from  more  complete  periodical  tests 
of  the  protection  gear,  this  switch  should  be  operated 
by  hand  just  previous  to  each  occasion  when  the  machine 
is  put  on  load,  in  order  to  make  as  certain  as  possible 
that  it  is  free  to  operate  at  a  critical  moment.  Certain 
designs  are  liable,  if  not  carefully  adjusted,  to  remain 
fixed  in  the  closed  position.  Where  step-up  transformers 
form  part  of  a  turbo-alternator  unit,  the  voltage  of  the 
alternator  should  be  chosen  as  low  as  is  compatible 
with  other  considerations  of  design  so  as  to  throw  the 
greater  risk  on  the  transformer,  which  from  its  character 
has  a  greater  factor  of  safety.  Transformers  so  used 
with  a  certain  amount  of  reactance  will  act  as  a  buffer 
in  case  of  failure  of  the  alternator.  It  cannot  be 
disputed  that  to  add  reactance  to  an  alternator  adversely 
affects  the  regulation  of  the  machine,  but  this  would 
not  be  so  if  the  ordinary  commercial  power  load  did  not 
produce  a  lagging  power  factor  on  the  system.  As 
the  size  of  generators  increases  it  becomes  more  necessary 
to  limit  the  enormous  energy  given  out  on  a  short-circuit, 
and  as  with  our  present  knowledge  reactances  are  the 
most  efficient  method  of  limiting  this  energy,  the  objec- 
tion to  their  use  in  so  far  as  it  affects  the  regulation  of 
the  alternators  would  disappear  to  a  very  large  extent 
on  a  unity-power-factor  system.  This  is  another  reason 
why  the  whole  question  of  the  design  and  use  of  efficient 
power-factor  correction  apparatus  should  receive  serious 
attention.  On  a  fault  taking  place  on  one  alternator, 
external  reactances,  fitted  to  a  group  of  alternators 
in  the  phase  leads  of  each,  limit  the  current  given  out 
by  the  remaining  plant,  partly  by  the  combined  effect 
of  the  reactances  on  the  good  machines  and  the  reactance 
of  the  faulty  machine  ;  but  the  faulty  machine  has  no 
reactance  protection  if  the  stator  fails  at  the  machine 
side  of  the  terminals.  To  relieve  the  mechanical 
stress  set  up  on  the  faulty  machine,  reactance  could  be 
inserted     in    each    phase    winding    at    the    star    point. 


Whether  external  reactance  should  be  introduced  partly 
at  the  phase  leads  and  partly  in  each  winding  at  the 
star  point  is  a  matter  that  would  require  careful  con- 
sideration. Certainly  it  might  be  argued  that  it  is 
better  to  give  as  much  protection  as  possible  to  the 
good»  plant  left  running  and  let  the  faulty  set  take  its 
chance.  If  this  argument  be  maintained,  no  reactance 
should  be  inserted  at  the  star  point. 

Mr.  J.  Shepherd  {in  reply)  :  Mr.  Rosen,  speaking 
as  a  designer,  does  not  agree  that  turbo-alternators  as 
at  present  constructed  are  unreliable  ; .  obviously  a 
standard  of  reliability  is  wanted.  Mr.  Rosen  states 
that  machines  have  been  in  commission  for  13  years 
with  only  occasional  overhauls.  If  that  standard  were 
met  by  all  turbo-alternators  I  would  agree  that  turbo- 
alternators  are  thoroughlv  reliable,  but  it  is  common 
knowledge  amongst  engineers  that,  whilst  a  few 
isolated  machines  may  show  so  excellent  a  record, 
the  case  is  not  representative.  I  agree  with  Mr.  Rosen 
regarding  the  necessity  of  periodic  and  thorough  o\-er- 
haul,  which  of  late  vears  has  been  impossible  to  carry 
out  owing  to  lack  of  spare  plant.  The  breakdown 
from  sandblast  action  of  grit  I  have  not  experienced 
or  seen  ;  an  efficient  filter  would  prevent  the  trouble. 
I  note  with  interest  the  description  of  rotor  cooling  by 
water,  designed  by  Mes.srs.  Parsons,  using  weld  less 
tubes  expanded  in,  also  a  brief  account  of  earlier  ex- 
periments. The  eddy-current  losses  in  the  coil  supports 
cannot  be  calculated,  but  a  superior  limit  can  be  defined 
which  is  of  trifling  amount. 

Mr.  Turner  gives  his  views  on  the  unsuitability  of 
the  condensate  for  general  cooling.  I  understand  that 
in  the  Newcastle  district  the  condensate  is  found  to 
be  corrosive.  In  such  cases  a  closed  system,  with 
auxilian,'  coolers  would  be  necessary  in  place  of  the 
arrangement  shown  in  Fig.  13.  The  water  passages 
in   Fig.   9   must   be  taken   only   as   diagramniatic. 

Mr.  Jackson's  remarks  are  of  much  value  coming 
from  an  operating  engineer  having  had  experience 
with  water-cooled  turbo-generators.  I  understand  that 
experience  at  Carville  points  to  the  necessity  of  a 
closed  cooling  system  owing  to  the  corrosive  nature 
of  the  condensate.  The  risk  of  surface  condensation 
is  fully  dealt  with  in  the  paper.  Regarding  flexible 
or  rigid  couplings,  the  general  experience  is  that  rigid 
couplings  give  less  trouble  than  flexible  couplings  and 
most  makers  only  supply  them  when  specially  ordered. 

Mr,  Lunn  also  deals  with  corrosive  condensate. 
The  problem  certainly  appears  to  be  acute  in  the  New- 
castle district.  The  possibility  of  oil  cooling  is  dealt 
with  elsewhere. 

Mr.  Arnett  recommends  external  air  coolers.  I  have 
dealt  with  this  proposal  fully  in  the  Manchester  dis- 
cussion (see  page  2y2),  to  which  I  would  refer  him. 

Mr.  Clothier  asks  regarding  supports  to  the  stator  ceils 
on  leaving  the  core  slots.  Although  no  supfjort  is 
shown  in  the  small  scale  drawing  (Fig.  11),  the  profile  of 
the  stator  tooth  is  carried  on  the  end  supports  and 
gradually  cut  away  as  the  stator  bars  of  the  same  group 
converge  into  their  common  winding  slot. 

The  remarks  of  the  other  contributors  to  the  dis- 
cussion do  not  call  for  specific  comment  as  the  points 
they  raise  have  already  been   dealt  with. 
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Binningliam,  7  January,  1920.) 


Introduction. 

The  problem  of  the  elimination  of  eddy  currents  from 
the  staler  conductors  is  one  of  considerable  importance  in 
the  design  of  present-day  alternating-current  machinery, 
and  the  original  memoir  of  A.  B.  Field  on  this  subject, 
published  in  the  Transactions  of  the  American  Institute  of 
Electrical  Engineers,  vol.  24,  in  1905,  has  been  of  inestim- 
able value  to  designers." 

Field's  paper  contained,  in  the  first  place,  a  general 
physical  discussion  of  the  problem,  and  concluded  with  an 
analytical  investigation  of  some  of  the  usual  cases  which 
arise  in  practice.     The  analytical  treatment  of  the  subject 

gives  rise  to  the  differential  equation    y^^K    -*,  but  to 
^  ^  (/.V=  di 

those  who  are  not  familiar  with  it,  or  who  are  not  skilled 

in  the  manipulation  of  its  solution,  a  full  appreciation  of 

the  relations  of  magnitude  and  phases  of  currents  in  the 

various  parts   of   a   conductor  or  a  system  of  laminated 

conductors  must  be  difficult. 

In  the  present  communication,  therefore,  it  is  proposed 
to  attack  the  problem  in  a  synthetic  rather  than  in  an 
analytical  manner,  with  a  view  more  especially  to  dealing 
with  some  of  the  more  advanced  problems  which  have 
demanded  consideration  during  recent  years.  The  author 
appreciates  that  the  possibility  of  such  a  synthetic  treat- 
ment is  evident  from  the  early  part  of  Field's  original  paper, 
but  he  feels  that  a  development  of  this  subject  on  these 
lines  is  of  considerable  value,  especially  as  it  leads  to  an 
approximation  which  considerably  simplifies  the  calcula- 
tion of  most  practical  cases. 

The  subject  matter  of  the  paper  is  divided  under  the 
following  headings  :— 

(i)  General   physical  discussion   and   calculations   of  a 
bottom  conductor  in  a  slot. 

(2)  Calculation  of  a  conductor  higher  in  the  slot  than  the 

bottom. 

(3)  Depth  of  conductor  for  minimum  loss  and  minimum 

temperature  rise. 

(4)  Losses  in   top   conductors   when    subjected   to   the 

external  influence  of  currents  out  of  phase  with 
those  they  themselves  carry  (as  in  some  conductors 
of  a  two-layer  fractional-pitch  winding). 

(5)  Losses   in   conductors    consisting   of    a   number   of 

laminations  connected  solidly  together  at  the 
ends. 

(6)  Losses  in  coils  in  which  insulated  laminations  are 

continued  from  turn  to  turn. 

(7)  Losses  in  conductors  and  coils  in  which  insulated 

laminations  successively  occupy  different  positions 
in  the  conductor. 

•  Also  see  M.  B.  FIELD,  yoiirnol  l.E.E.    1906,  voL  37,  p.  S3. 


Two  appendixes  arc  added  dealing  with  special  features 
of  the  problem,  viz. — 

I.  Complete  synthetical  treatment  of  the  eddy-current 

problem  in  solid  conductors. 
II.  Losses  in  conductors  of  such  irregular  shapes  as  are 
not  amenable  to  mathematical  representations. 

List  of  Symbols. 

a  =  ratio  of  total  width  of  copper  across  slot  to  widtli 
of  slot  =  («•/>'). 

b  =  ratio  of  core  length  to  half  length  of  one  turn  of 
winding. 

c  ^  ratio  of  total  depth  of  copper  in  a  laminated  con- 
ductor to  total  depth  of  copper,  i.e.  including  all  insulation 
between  the  laminations. 

</  =  a  quantity  involving  the  various  factors  in  the 
eddy-current  calculations  and  equal  to  2  ;r  Ws/{falio'> p)  or 
J  H" ^(t  a)  for  copper  at  100"  C. 

/=  frequency  in  periods  per  second. 

ff^a  quantity  involving  certain  of  the  factors  in  eddy- 
current  calculation  and  equal  to  ^irf alio''. 

h  =  height  of  a  conductor  in  cm.  considered  as  a 
variable,  measured  from  the  bottom  of  the  conductor. 

H  =  total  height  of  a  conductor  in  cm. 

H"^  total  height  of  a  conductor  in  inches. 

/^mathematically  the  imaginary  quantity  v/( — i), 
phj'sically  the  indication  of  a  time  lag  of  a  quarter  of  a 
complete  period. 

K  =  in  general  the  extra  loss  factor,  i.e.  the  ratio  of  the 
extra  loss  with  alternating  current  to  tlie  normal  loss  with 
direct  current. 

K„  K,,  etc.  :=  extra  loss  factor  due  to  local  eddy  currents 
in  portions  of  a  laminated  conductor. 

IC,  ^  extra  loss  factor  due  to  circulating  eddy  currents 
in  a  laminated  conductor. 

m  =  number  of  turns  in  a  coil,  or  in  a  two-laver  windmg 
the  number  of  conductors  per  slot  in  each  layer. 

m,  in  Appendix  I,  is  a  quantity  involving  certain  of 
the   factors   in    eddy-current    calculations    and    equal   to 


^Ji  -  V 


n  =  number  of  laminations  in  a  laminated  conductor. 

N  =  number  of  laminations  in  an  equivalent  laminated 
conductor. 

^  ^  in  general,  the  number  of  tlie  conductor  under 
consideration  counting  from  the  bottom  of  the  slot  ;  and 
in    particular,   the   total   number  of  conductors  in  a  slot. 

P  :=  equivalent  conductor  for  any  particular  arrange- 
ment of  conductors. 

5  :=  in  general,  the  number  of  any  particular  lamination 
of  a  conductor  counting  from  the  bottom  of  the  slot  or 
from  the  bottom  of  a  particular  conductor,  as  the  case 
may  be. 
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r„  r,,  r^,  etc  ^fractional  portions  of  an  unevenly  divided 
conductor. 

/•=  in  the  case  of  a  conductor  divided  into  two  unequal 
parts,  the  fractional  part  that  the  upper  section  bears 
to  the  whole  depth  ;  in  cable  conductors  the  fractional 
portion  of  a  cycle  of  transference  which  is  completed  ; 
and  in  step-by-step  transference,  the  number  of  lami- 
nations which  have  been  transferred  when  the  winding 
is  completed. 

s  =  fractional  number  of  coils  in  relation  to  the  total 
number  in  the  winding,  the  top  sides  of  which  are 
subjected  to  external  influence  out  of  phase  with  their 
own  current. 

t^a  particular  conductor  in  the  top  layer  of  a  two- 
layer  conductor. 

w  =  total  width  of  copper  across  slot,  cm.  or  inches.     . 

y  =  width  of  slot,  cm.  or  inches. 

p  =  specific  resistance  in  practical  units,  ohms  per  cm. 
cube. 

0  =  in  windings  with  fractional  pitches  the  phase 
difference  between  currents  in  the  top  and  bottom  layers 
in  those  slots  having  conductors  belonging  to  different 
phases. 

(i)  General  Physic^vl  Consider.ations  and  the  Cal- 
culation OF  a  Bottom  Conductor  in  a  Slot. 

General  considerations. — Eddy-current  phenomena  arise 
from  the  fact  that  when  a  conductor  carries  current,  flux 
passes  not  only  around  the  conductor  as  a  whole,  but  also 
along  paths  situated  either  wholly  or  partially  inside  the 
conductor  itself.  The  result  is  that  whereas  direct  current 
would  be  evenly  distributed  over  the  whole  of  the  section, 
with  alternating  current  there  is  a  different  virtual  value 
of  current  and  also  a  different  phase  of  current  for  every 
symmetrical  lamina  in  the  conductor. 

When  a  conductor  is  situated  in  the  usual  slot  with 
parallel  sides,  the  local  fluxes  pass  normally  across  the 
conductor  and  complete  their  circuit  by  traversing  the 
iron  at  the  back  of  the  slot.  The  reluctance  of  this 
portion  of  the  path  is  considered  to  be  negligible. 

The  investigation  of  eddy-current  phenomena  is  carried 
out  in  the  four  following  stages,  in  each  of  which  one  of 
the  fundamental  laws  or  relations  of  electromagnetism  is 
applied.  The  stages  are  enumerated  specially  with  refer- 
ence to  a  bottom  slot  conductor  as  follows  : — 

(i)  The  total  current  between  any  lamina  and  the 
bottom  of  the  slot  produces  an  alternating  magneto- 
motive force,  the  quantities  being  connected  by  the 
usual  4  7r/io. 

(2)  This  alternating  magnetomotive  force  gives  rise  to 
alternating  flux  density  across  the  lamina.  These  quan- 
tities are  connected  by  the  magnetic  reluctance  of  the 
path  pursued  by  the  flux  passing  through  the  lamina  in 
question. 

(3)  The  total  alternating  flux  between  the  bottom  of  the 
conductor  and  the  lamina  in  question  produces  an  alter- 
nating electromotive  force  between  these  two  points 
normal  to  the  section.  The  relation  between  these  two 
quantities  involves  the  frequency  and  also,  if  the  pressure 
is  expressed  in  volts,  the  relation  between  the  absolute 
and  the  practical  unit  of  voltage. 

(4)  This  electromotive  force  combined  with  the  resist- 


ance component  of  the  applied  external  electromotive 
force  gives  rise  to  a  current  in  the  lamina  in  question. 
The  value  of  this  current  is  governed  by  the  resistance  of 
the  material. 

In  the  usual  analytical  investigation  a  symbol  is  taken 
to  represent  the  complex  current  distribution  in  the  con- 
ductor, and  after  operating  upon  the  symbol  in  accordance 
with  each  of  the  physical  relations  enumerated  above,  the 
result  is  equated  to  the  original  symbol,  thus  forming 
a  differential  equation.  The  differential  equation  may, 
however,  only  represent  in  general  terms  the  conditions 
of  any  particular  problem,  or,  in  other  words,  the  same 
equation  may  be  represent.ative  of  several  allied  problems, 
so  that  its  solution  only  discloses  in  general  details  the 
nature  of  the  current  distribution  as  represented  by  the 
symbol.  The  e.xact  details  are  subsequently  determined 
from  a  knowledge  of  the  distinctive  features  of  the  problem 
in  hand. 

In  the  proposed  synthetical  treatment,  instead  of  basing 
the  argument  on  a  symbol  which  we  conceive  to  represent 
the  final  complex  distribution  of  current  in  the  conductor, 
we  start  by  assuming  the  distribution  of  current  to  be 
uniform,  as  would  be  the  case  if  the  external  electromotive 
force  were  the  only  one  under  consideration. 

We  then  proceed  to  determine  the  simple  algebraical 
expressions  for  the  physical  quantities  which,  in  turn, 
would  result  from  this  uniformly  distributed  alternative 
current.  We  are  thus  able  to  calculate  a  local  current 
in  the  conductor,  which  we  can  conceive  is  superimposed 
upon  the  original  current  in  order  to  satisfy  the  alternating 
flux  set  up  by  the  original  current.  This  alternating 
current,  whatever  its  actual  value  in  any  lamina,  is  every- 
where 90°  out  of  phase  in  time  with  the  original  current. 

We  may  next  proceed  to  take  the  eddy  current  thus 
found,  which  we  will  call  the  eddy  current  of  the  first 
order,  and  carry  through  the  same  processes  as  were 
applied  to  the  original  uniformly  distributed  alternating 
current,  and  we  shall  then  obtain  what  we  may  call  the 
eddy  current  of  the  second  order  which  will  flow  in  order 
to  satisfy  the  alternating  flux  set  up  by  the  eddy  current  of 
the  first  order. 

This  second  eddy  current  will,  in. turn,  be  go°  in  time 
phase  behind  the  first  eddy  current ;  that  is,  it  will  be  in 
exactly  opposite  phase  to  the  original  uniformly  distributed 
current. 

In  the  same  way  we  may  go  on  indefinitely  calculating 
successive  orders  of  eddy  currents,  each  of  which  will  lag 
behind  the  previous  one  by  90°. 

When  we  have  carried  our  calculations  to  a  sufficient 
extent  it  will  be  found  that  the  total  resulting  current  is 
the  same  as  that  obtained  by  the  analytical  method.  The 
value  of  the  present  method  lies  in  the  fortunate  fact  that 
for  most  practical  cases  it  is  only  necessary  to  calculate 
the  eddy  current  of  the  first  order  ;  for  it  is  found  that 
if  conductors  are  so  deep  that  the  second  order  is  appre- 
ciable in  magnitude,  the  total  loss  in  such  conductor  is 
too  high  to  admit  of  it  being  of  practical  use. 

Caliulalion  of  bottom  conductor. — We  will  now  give  the 
simple  mathematics  for  the  proposed  method  as  applied  to 
the  simplest  case,  viz.  that  for  the  bottom  conductor  in 
a  slot.     The  process  is  indicated  graphically  in  Fig.  i. 

Starting  with  a  uniformly  distributed  alternating  current 
of   I  ampere  per  sq.  cm.  (see  Fig.  la),  the  total  volume 
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of  current  between  the  bottom  of  the  conductor  and  any 
point  at  distance  h  from  the  bottom  is  h  it'. 

The  magnetizing  force  at  /;  =4  7rt£'//io  (see  Fig  i6),and 
the  flux  densitj'  at  lt=.  ^wn'hl\oy  =  ^w  a  /;/io. 

The  total  flux  linkage  between  /(  and  the  bottom  of  the 
conductor  is 

4;rfl/iol/;  d  h  =  2  ir  ah'jio  (see  Fig.  ic) 
The  voltage  generated  by  this  linkage  at  frequency/ 

=  (2jr/X  2  ■Jra/lo^)h'  =  gh' 

Now  the  average  value  of  this  voltage  between  the 
bottom  and  the  top  of  the  conductor  is 


is  the  ratio  of  this  sum  to  the  sura  of  the  squares  of 
each  element  of  the  original  uniformly  distributed 
current. 

The  extra  loss  factor  is  therefore 


'  45 


(0 


Therefore  the  actual  voltage  which  produces  eddy  current 


where  d=2w  H v'[/'a/(io'p)]- 

It  will  be  found  that  this  result  corresponds  to  the 
first  term  of  Field's  expression  when  it  is  expanded  in 
terms  of  d.  With  regard  to  the  development  of  further 
terms  along  similar  lines,  it  will  be  obvious  from  the 
operations  which  are  necessary  to  obtain  each  fresh  term, 
that  they  will  consist  of  ascending  powers  of  rf\  i.e.  ri*, 
d",  d'^,  etc.  It  would  be  simple,  though  laborious,  to 
proceed  to  discover  the  coefficient  of  the  next  terms  of 
the  series,  but  in  most  practical  cases  this  is  unnecessary. 


Em 


/  Me  to  ^>^^ 
canductor 


/l)u£toi5'&2'>-'l 
conductors 


Fig.  I  a. — Current 
distribution  diagram. 


Fig.  lb. — Magneto- 
motive force  diagram. 


Fig.  ic — Flux  linkage 
or  voltage  diagram. 


Fig.  id. — Eddy-current 
diagram  of  first  order. 


at  any  point  //  is  g  (A'  —  JH°),  because  the  integral  of  the 
eddy  current  over  the  whole  of  the  height  of  the  con- 
ductor must  be  zero. 

The  actual  eddy  current  of  the  first  order  at  any  position 
//  is  therefore  (see  Fig.  id) 

J(/r-lH=) 

The  distribution  of  this  first  order  of  eddy  current 
across  the  depth  of  the  conductor  is  therefore  parabolic. 

With  reference  to  the  calculation  of  the  extra  losses,  we 
define  "  extra  loss  factor "  as  the  ratio  of  the  extra  loss 
due  to  eddy  currents  only  to  the  loss  which  would  arise 
from  uniform  distribution  of  current.  If  all  eddy  currents 
beyond  the  first  order  can  be  neglected,  the  calculation  of 
the  extra  loss  factor  is  simple.  Inasmuch  as  the  first  eddy 
current  is  at  right  angles  to  the  initial  current,  the  extra 
loss  in  the  conductor  is  proportional  to  the  sum  of  the 
square  of  each  element  of  eddy  current,  taken  over  the 
full  depth  of   the   conductor  ;   and   the  extra   loss  factor 
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The  justification  for  the  use  of  the  first  term  only  in  most 
practical  cases  will  be  discussed  in  the  next  section. 

(2)   Calculation    of    a    Conductor     Higher    in    the 
Slot  than  the  Bottom. 

Deduction  of  approximate  expression. — When  we  come 
to  consider  the  eddy-current  losses  in  the  second  con- 
ductor, we  find,  on  referring  to  Fig.  i,  that  the  flux  which 
passes  across  the  conductor  depends  not  only  upon  the 
current  in  the  conductor  itself  but  also  upon  the  currents 
in  the  conductor  below  it. 

Starting  with  our  previous  assumption  of  uniformly 
distributed  alternating  current  of  i  ampere  per  sq.  cm. 
(see  Fig.  la),  the  total  volume  of  current  between  the 
bottom  of  the  slot  and  any  point  /;  in  the  p{.h.  conductor, 
counting  li  from  the  bottom  of  the  />th  conductor,  is 
[/;  +  (/.- I)  H]  If. 

The  magnetizing  force  at  /;  is  (.^Trwjio)  \li-\-ip  —  i)H  [ . 


Flux  density  =  (4  wii.iio){h  +  (p  —  i)H  | . 


19 
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Total  flux  linkage  between  //  and  bottom  of  conductor 
=  (4^n/io)[|/r+(/.-i)//H]. 

The  voltage  generated  by  this  linkage  at  frequency 
f=  (2  tt/  X  2  TT  alio")  [/r  +  2  (/>  —  I)  /;  H]. 

The  graphical  representation  of  this  expression  is  a 
parabola  of  the  same  form  as  was  found  for  the  bottom 
conductor,  with  the  addition  of  a  straight  line,  the  slope  of 
which  is  proportional  to  the  number  of  conductors  below 
the  one  in  question. 

Further,  the  height  of  tlie  parabola  at  tlie  end  of  the 
conductor  is  half  the  height  of  the  straight  line  when 
drawn  for  one  external  conductor  (see  Fig.  icV 

A  full  appreciation  of  these  points  is  important  in  many 
of  the  subsequent  sections  of  this  paper. 

The  average  value  of  the  last  exf>ression  between  the  top 
and  bottom  of  the  conductor  is  .?  [J  H=  +  (/■  —  i)  H]. 
Therefore  the  eddy  current  of  the  first  order  at  any  point 
h  is 

a"/p)  [(/'=  -  J  H=)  +  (/>  +  0  (2  //  H  -  H^)] 

The  extra  loss  factor  in  this  case  is  then 

;H  f  [(''^  -  J  H=)  +  (^  -  I)  (2  /,  H  -  H=)]'  d  U 

"        ■'o 

The  result  of  the  integration  give,s  the  extra  loss  factor 
in  the  pih  conductor  (as  far  as  the  tir^t  order  of  eddy 
currents  is  concerned)  as 


4d* 

7s 


+ 


(t-'). 


(2) 


Where  we  require  the  average  factor  for  all  the 
p  conductors,  the  following  expression  may  be  derived 
from  the  previous  one. 

The  average  extra  loss  factor  for  p  conductors  is 


45 


■l'  + 


r.r)' 


(3) 


Limitation  to  use  of  approximate  expressions  for  loss  . 
factor. — As  already  mentioned,  the  complete  expression 
for  the  extra  loss  factor  may  be  given  in  the  form  of  an 
infinite  series  in  ascending  powers  of  d*.  The  expression 
consists  of  two  parts,  as  already  shown,  the  second  part 
involving  the  number  of  the  conductor  under  considera- 
tion. The  first  three  terms  of  each  part  of  the  expression 
for  the  extra  loss  factor  are  : 

(o"o89  d*  —  o'oo339  d"  -\-  o'oooi38  lY")  +  ^  {p'  —  p) 
((/■i  — 0-041  d^  +  0-00168  d'") 

For  the  lower  values  of  d,  the  terms  of  the  expressions 
are  convergent  from  the  first  term  onwards,  and  when 
rf  =  I'l  the  sum  of  tlie  second  and  third  terms  is  less  than 
6  per  cent  of  the  first.  It  is  suggested,  therefore,  that  the 
approximate  method  may  be  used  without  fear  of  practical 
error  for  all  values  of  d  up  to  11. 

The  height  of  a  solid  conductor  corresponding  to 
,i  ^  II  when  frequency  ^  50,  a  =  075  and  the  conductor 
is  solid  copper,  at  approximately  100°  C.  is  0-54  inch 
(1-37  cm.). 

The  losses  arising  in  such  a  conductor  placed  at  different 
positions  in  the  slot  are  given  in  the  following  table  : — 


No.  of  conductors 
in  slot 

Extra  loss  factor  in 
sep;irnte  conductors 

Average  extra  loss 
factor  in  all  con- 
ductors 

I 

2 

3 
4 

0-13 
I'll 
306 
5-9 

013 

o'6i 
1-43 

2'S5 

It   will   be   seen   that   the   limitation   fully    covers    the 
practical  range  of  conductors. 


(3)   Depths   of    Coxductor    for    Miximum    Loss    .^\u 
Minimum  Temperature  Rise. 

Depths  of  conductor  for  a  minimum  loss. — It  is  generally 
recognized  that  under  given  conditions  there  is  a  certain 
depth  of  conductor,  known  by  writers  as  the  "critical 
depth  of  conductor,"  which  gives  a  minimum  loss.  This 
arises  out  of  the  fact  that  when  this  critical  depth  is 
exceeded  the  rate  of  increase  of  the  eddy-loss  factor  is 
greater  than  tlie  rate  of  increase  of  the  deplh  of  the 
conductor. 

This  point  may  be  very  conveniently  investigated  by 
means  of  the  approximate  formula  just  proposed.  The 
total  loss  factor  for  any  condition  may  be  written  j  +  n  d', 
where  a  involves  all  the  coefficients  of  d*  in  anv  of  the 
approximate  formute  i,  2,  or  3. 

As  d  is  proportional  to  the  depth  (H)  of  the  conductor 
and  the  normal  loss  is  inversely  proportional  to  H,  the 
total  loss  in  the  conductor  involving  the  normal  1=  R  and 
also  the  eddy-current  loss  will  be  proportional  to  ijd  +  n  aK 

Differentiating  this  and  equating  to  zero  for  a  minimum 
value  we  have  —  ijd-  4-30  d-  =  o,  whence  d'  =  1/^3  a)  for 
the  minimum  loss. 

Putting  this  value  at  d*  in  the  expression  for  the  extra 
loss  factor  we  obtain  a  value  of  0^33  for  any  value  of  a,  so 
we  may  say  that  the  value  of  d  or  of  H  (height  of  the  con- 
ductor) giving  a  minimum  loss  is  that  value  which  gives  a 
value  of  total  loss  factor  equal  to  i'33. 

It  will  be  noticed  that  tlie  argument  applies  not  only  to 
individual  conductors  i,  2,  3,  etc.,  but  also  to  the  average 
value  of  the  loss  factor  for  all  tlie  conductors,  for  in  this 
case  the  average  loss  factor  is  of  the  same  form  but  with  a 
different  coefficient  for  d',  and  it  has  been  shown  that  the 
conclusion  is  independent  of  the  value  of  this  coefficient. 

It  will  be  noticed  that  this  value,  as  far  as  the  first 
conductor  is  concerned,  is  slightly  outside  the  range  over 
which  it  is  suggested  the  approximate  formula  should  be 
used  ;  but  for  the  other  conductors,  and  also  for  the 
average  value  of  all  the  conductors,  the  conclusion  is  quite 
legitimate  for  practical  purposes. 

Depth  of  conductor  for  minimum  intensity  of  heal  dissipa- 
tion.— In  many  practical  cases  the  actual  loss  is  not  so 
important  as  the  temperature  rise  which  results,  and  this 
depends  not  only  upon  the  total  loss,  but  also  upon  the 
facility  in  dissipating  it.  It  is  useful  therefore  to  inquire 
into  the  condition  which  gives  a  minimum  of  heat  dissipa- 
tion. This  condition  will  arise  when  the  value  of  tlie  lo^s 
factor  increases  faster  than  the  square  of  the  depth  of  the 
conductor,  assuming  that  most  of  the  heat  is  dissipated 
from  the  sides  of  the  conductor. 
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If,  as  before,  the  extra  loss  factor  equals  a  d*,  then  the 
intensity  of  heat  dissipation  is  proportional  to  (i  Ui')  +  n  d-. 

Differentiating  an  equating  to  y'^ero  for  minimum  value 
we  have  —  ijiP  +  2  a  rf  =  o,  or  d'  =  ila. 

Inserting  this  value  of  d^  in  the  expression  for  the  extra 
loss  factor,  we  have  a  minimum  intensit\'  of  heat  dissipation 
when  the  factor  is  unity  ;  that  is,  the  height  of  the  con- 
ductor giving  a  total  loss  factor  of  2  will  be  that  which 
gives  a  minimum  temperature  rise  in  that  conductor. 

The  same  reservation  applies  as  in  the  previous  para- 
graph to  the  use  of  this  expression  with  regard  to  the  first 
conductor. 


(4)  Losses  in  Top  Conductors  when  Subjected  to 
THE  External  Influence  of  Currents  out  of 
Phase  with  those  they  themselves  carry. 

In  a  full-pitch  winding  of  the  two-layer  tj'pe,  the  current 
in  the  bottom  layer  is  of  the  same  phase  as  the  current  in 
the  top  layer.  If  the  pitch  is  fractional,  i.e.  if  the  complete 
coil  does  not  span  a  complete  pole  pitch,  certain  slots  will 
have  a  current  in  the  bottom  layer  which  is  of  a  different 
phase  from  the  current  in  the  top  layer  (sec  Fig.  2). 
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4 
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Fig.  3. 


The  mo^t  frequent  case  occurring  iji  practice  is  that  of 
a  three-phase  machine,  and  in  the  usual  form  of  winding 
in  which  there  are  six  ranges  of  phase  coils  in  every  two 
poles,  the  phase  differences  between  the  currents  in  the  top 
and  bottom  layers  in  those  slots  which  are  carrying  two 
different  phases  is  60°. 

The  case  just  cited,  in  which  each  layer  consists  of  one 
conductor  only,  is,  however,  a  particular  case  of  the  more 
general  case  of  such  a  multi-turn  coil  as  indicated  in  Fig.  3, 
in  which  we  have  8  isolated  conductors. 

The  losses  in  the  bottom  4  conductors  are  calculated  in 
the  manner  already  indicated,  as  they  are  all  carrying 
current  corresponding  to,  say,  phase  A. 

The  fiftli  conductor,  however,  is  carrying  current  of 
another  phase,  say  phase  B,  but  is  subjected  to  the  external 
influence  of  flux  arising  from  4  conductors  of  phase  A. 
Similarly  the  sixth  conductor  is  carrying  current  of  phase 
B  but  is  subjected  to  the  external  influence  of  one  con- 
ductor of  phase  B  and  4  conductors  of  phase  A,  and  so  on. 

Considering  the  case  represented  in  Fig.  2  first,  let,  in 
Fig.  4,  O  A  and  O  B  differing  in  phase  by  angle  f  represent 
the  currents  in  the  bottom  and  top  layers  respectively. 
Then  resolving  phase  A  into  right-angle  components,  as 
OC  and  O  D,  we  have  tlie  top  conductor  subjected — 


(a)  To  the  influence  of  its  own  current  and  also  to  the 
external  influence  of  a  current  O  D  in  phase  with 
its  own  current,  and 

(6)  To  the  external  influence  of  current  O  C  at  right 
angles  to  its  own  current. 

The  combined  effect  under  heading  la)  will  be  to  set  up 
an  eddy  current  of  the  first  order  which  is  at  right  angles 
to  the  currents  O  B  ;  and  the  effect  of  (h)  will  be  to  set  up 
an  eddy  current  of  the  first  order  which  is  at  right  angles 
to  the  current  component  O  C,  that  is,  in  phase  with  the 
current  O  B. 

Now  the  loss  factor  due  to  (u)  may  be  calculated  direct 
from  formula  (2)  bj'  taking  a  value  of  p  equal  to  i  -|-  cos<p,. 

The  extra  loss  factor  is  therefore 


4^-1      /cos  »  4- cos' 0'^,^ 
45        ^  3  ^ 


(4) 


Witli  regard  now  to  condition  (h)  above,  the  first  order 
of  eddy  current  due  to  this  influence  will  be 

K  sin  0  (2  /(  H  —  H')* 

Combining    this    current    with    the    original    constant 
current  with  which  it  is  in  phase,  squaring  and  averaging 


Fig.  4. 


Fig.  5. 


over  the  depth  of  the  conductor  we  find  that  the  extra  loss 
factor  due  to  the  condition  (h)  is 

J  if<  sin'  f (5) 

The   extra   loss   factor   in   the   present    case    from    all 
causes  is  therefore  the  sum  of  (4)  and  (5),  which  gives 


4rf4 
45 


4- 


(2jco^:i?V4 


(6) 


In  the  more  general  cases  where  there  are  in  sections  in 
the  layers  and  when  we  have  the  /th  section  in  the  top 
layer  under  consideration,  reconsidering  the  case  on  the 
same  lines  as  before,  the  extra  loss  factor  in  this  section  is 
given  by 

id_'       r(m  +  f)[m  4- /-i)  — 2  ;»  (2 /- i)  sin'i^n^^     ^_^ 
45        L  3  -I  ' 


The  following  expression  for  the  average  extra  loss 
factor  in  all  the  sections  of  the  top  layer  may  be  developed 
from  the  last  one 


4d^  _^  f{7m'—i)  —  6m'(sin'i<p)\^^ 
45    ■    \  9 


d'.     .     .     (8) 


The   following    expression    for   the   average   total   loss 
*  Cl".  expression  for  /th  conductor  at  bottom  of  page  281. 
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factor  in  all  sections  of  both  top  and  bottom  layers  may 
also  be  readily  deduced  : — 


45 


(4m'— I)  — 3  m' (sin=  | ^ 


y. 


(9) 


In  each  of  the  last  three  expressions  the  first  part  of  the 
last  term  relates  to  the  conditions  when  no  phase  difference 
exists  between  the  layers,  while  the  second  part  gives  the 
reduction  when  a  phase  angle  tp  does  exist  between  them. 

The  correction  factors  in  the  above  expressions  have 
been  developed  with  reference  to  the  first  order  of  eddy 
currents.  It  is  easy  to  show,  however,  that  the  same  factors 
apply  to  the  complete  expressions  developed  by  Field  by 
substituting  new  boundary  conditions  in  the  determinant 


laminate  the  conductor  into  a  large  number  of  small  sec- 
tions, it  may  still  be  possible  to  divide  it  into  two  sections 
only,  and  in  order  that  full  advantage  may  be  taken  of  this 
simple  sub-division,  it  is  well  to  know  what  relative  sections 
to  use  in  order  that  the  loss  in  the  conductor  may  be  a 
minimum. 

An  interesting  case  of  unequal  sub-division  is  indicated 
in  Fig.  5,  in  which  adjacent  conductors  in  a  bundle  of  6 
conductors  are  unequally  divided  in  order  that  the  separate 
sections  keep  their  proper  places  during  the  insulation 
process. 

We  will  first  consider  the  case  of  a  bottom  conductor 
divided  into  two  unequal  sections,  and  will  then  apply  the 
principles  established  in  this  case  to  the  calculation  of  a 
number  of  others. 


Fig.  6a. — Eddy-current  distri- 
bution in  solid  conductor. 


Fig.  66. — Local  eddy  cur- 
rent distribution  in  solid 
portions  of  divided 
conductor. 


A    (T 

Fig.  6c. — Circulat- 
ing eddy  current 
between  portions 
of  conductor 
when  t=  I. 


z 

F           / 
P 

7 

E 

Fig.  6d. — Resultant 
eddy  current  in 
divided  conduc- 
tor when  6  =o'5. 


Fig.  6. — Diagrams  relating  to  bottom  conductor  unequally  divided. 


on  page  782  of  his  paper  before  the  American  Institute  of 
Electrical  Engineers. 

(5)  Losses  in  Conductor  Consisting  of  a  Number  of 
Laminations  Connected  Solidly  Together  at 
THE  Ends. 

General  considerations.— The  losses  arising  in  a  conduc- 
tor divided  into  a  number  of  sections  all  connected 
together  at  the  ends  of  the  conductor  are  of  considerable 
importance,  as  this  is  the  simplest  method  of  minimizing 
the  eddy  losses. 

The  case  of  the  infinitely  laminated  conductor  is  familiar, 
and  within  the  range  of  the  present  approximate  treat- 
ment the  extra  loss  factor  is  that  of  a  solid  conductor, 
reduced  by  the  square  of  the  ratio  of  the  core  length  to 
the  total  length  of  the  conductor,  that  is,  in  the  ratio  i  :  b-. 

The  more  practical  case  of  a  finite  number  of  lamina- 
tions will  give  rise  to  an  extra  loss  factor  intermediate 
between  the  solid  conductor  and  the  infinitely  laminated 
one. 

The  question  of  the  equal  sub-division  of  conductors  is 
not  the  only  one  of  importance,  for  in  some  cases  where 
for  mechanical  reasons  it  is  not  considered  advisable  to 


It  has  already  been  shown  that  the  eddy  currents  of  the 
first  degree  will  flow  as  a  result  of  a  voltage  represented 
by  a  parabolic  curve  as  A  B  C  (Fig.  6a).  If  the  conductor 
were  quite  solid  the  eddy-current  diagram  would  be 
given  by  the  figure  AEBFCBA,  the  height  AB 
being  one-third  the  total  height  D  C  of  the  parabola 
in  order  that  the  "figure  of  eight"  area  enclosed  may 
be  zero. 

If  the  depth  of  the  conductor  A  D  be  divided  unequallj' 
at  Q  into  portions  A  Q  and  Q  D,  then  : — 

Firstly,  the  bottom  portion  A  Q  is  acted  upon  internally 
by  the  voltage  represented  by  the  parabola  A  H  K  (Fig. 66), 
and  the  top  portion  Q  D  is  acted  on  internalh'  by  the 
voltage  represented  by  the  continuation  of  the  parabola 
K  M  C.  If  AG  represents  the  average  height  of  the  first 
voltage  diagram  and  Q  L  represents  the  average  height  of 
the  second  voltage  diagram,  then  the  bottom  sections  of 
the  conductor  will  carry  a  self-contained  local  eddy  current 
represented  by  the  area  AG  H  J  H  K  A,  and  the  top  section 
of  the  conductor  will  carry  a  self-contained  or  local  eddy 
current  represented  by  the  area  K  L  M  N  C  M  K.  The  losses 
in  each  of  the  unequal  sections  may  be  readily  calculated 
from  the  formulre  (i)  and  (2)  previously  given,  remember- 
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ing,  however,  that  the  value  of  p  is  determined  by  the 
intensity  of  the  total  magnetization  at  the  top  of  the 
section  in  question  in  relation  to  that  of  its  own  current. 

Secondlv,  we  have  the  voltage  difference  represented  by 
the  height]  L,  which  is  free  to  send  a  constant  circulating 
current  around  the  top  sections  of  the  conductors.  Such 
a  current  is  uniformly  distributed  in  each  section  of  the 
conductor.  The  actual  distribution  of  the  voltage  or  the 
value  of  the  current  density  in  each  of  the  two  sections 
is  obtained  as  in  Fig.  6c,  considering  Q  J  and  Q  L  with 
reference  to  A  E  the  average  height  of  the  original 
diagram. 

The  current  in  each  section  maybe  considered  therefore 
as  consisting  of  a  constant  portion  and  a  variable  portion. 
Inasmuch  as  the  average  value  of  the  variable  portion  is 
zero,  it  follows  that  the  total  eddy  loss  is  the  sum  of  the 
losses  calculated  for  the  constant  and  variable  eddy  currents 
when  flowing  separately. 

Now  if  the  sub-division  of  the  conductor  is  only  carried 
to  the  end  of  the  core,  both  currents  are  passing  through 
the  same  resistance  and  the  final  distribution  of  current  in 
the  complete  conductor  will  be  as  in  Fig.  6a. 

The  loss  due  to  the  circulating  current  in  Fig.  6c  is 
therefore  the  difference  between  tlie  losses  in  the  whole 
conductor  if  solid  and  the  sum  of  the  losses  in  the  separate 
solid  sections. 

If,  however,  the  division  between  sections  is  continued 
beyond  the  core  length,  the  circulating  eddy  current  will 
have  a  longer  path  than  the  local  eddy  currents.  In  fact 
the  ordinates  of  Fig.  6c  must  be  reduced  in  the  ratio  of 
core  length  to  conductor  length,  and  the  loss  factor  due  to 
circulating  currents  as  just  found  must  be  reduced  in  pro- 
portion to  the  square  of  this  ratio.  Fig.  6i<  has  been  drawn 
to  show  the  total  distribution  of  eddy  currents  of  the  first 
order  in  the  conductor  when  the  divided  conductor  is 
twice  the  length  of  the  core  portion. 

Putting  the  argument  into  general  terms,  let 

K,  =  extra  loss  factor  of  the  complete  conductor  if 
solid  ; 

K,,  K.,,  K„  etc.,  extra  loss  factors  in  the  separate  lami- 
nations due  only  to  local  currents,  i.e.  as  if  they 
were  separate  conductors  with  reference  to 
conductors  of  the  equal  thickness  in  each 
case  ; 

''i.  ''s.  ''3,  etc.,  the  ratios  of  the  height  of  the  first,  second, 
third,  etc.,  lamination  to  the  total  height  of  the 
conductor ; 

Kj.^  extra    loss   factor  due    to    currents   circulating 
between  sections  ; 
and  K  ^  extra  loss  factor  in  conductor  as  constructed. 

Then  the  extra  loss  factor  due  to  local  currents  in  all  the 
laminations  is,  witli.  reference  to  the  normal  loss  in  the 
complete  conductor, 

r,  K,  +  i\_  Kj  +  7-3  K3  -t-  etc.       .       .       (10) 

The  extra  loss  due  to  circulating  eddy  currents  among  the 
laminations  is 

6'(K,— r.  K,  — r,K,— r3K3— etc.)       .      (11) 

and  therefore  the  extra  loss  factor  due  to  the  combined 
local  and  circulating  eddy  currents  is 

6=  K,  +  (i  —  b')  ('•,  K.  -f  n K%  +  r^K,  +  etc.)  (12) 


Conductor  unequally  divided  into  two  sections. — Applying 
the  general  formula  to  the  pih  conductor  and  taking  r  as 
the  ratio  of  the  upper  of  the  two  sections,  we  find  that  the 
extra  loss  factor  is  given  by  the  expression 


d'\± 


+ 


b'  —  p 
3 


(i-6')(3/.-f— i)'r(i-r)- 


(13) 


The  expression  has  been  put  in  such  a  form  that  the  last 
term  shows  the  reduction  in  loss  factor  effected  by  dividing 
the  conductor.  It  will  be  seen  that  the  value  of  r  for  a 
minimum  loss  may  be  obtained  by  differentiating  the 
expression  (3/1 — r — 'iYr{i — r)  and  equating  the  result 
to  zero. 

The  result  is  the  following  equation  in  r  : — 

4y=_r(6/>.+  i)4-(3^— i)  =  o 

By  putting  successive  values  of  p  in  this  equation  and 
solving  it  for  r  we  compile  the  following  table  : — 


No.  of  conductor 


Very  large 


Divisions  from  top  to  give 
minimum  loss 


0-36 
0446 
0-463 
0-475 


Consideration  of  a  conductor  equally  divided  into  a 
number  of  sections. — In  this  case  considerable  simplifica- 
tion arises  from  the  fact  that  all  the  sections  forming  the 
conductor  are  equal  in  height.  Applying  the  fundamental 
formula  (2)  first  to  the  complete  conductor  as  if  solid,  and 
secondly  to  all  the  laminations  as  if  they  were  separate 
conductors,  we  find,  where  n  is  the  number  of  sections, 
that  the  extra  loss  factor  in  the  />th  conductor  is  given  by 


O'K 


j 


(/>=-/■)  + 1 


+  b"  c»  (n-  —  I 


-I  ^  uHp'-pni 


(14) 


The  factor  c  is  introduced  in  the  above  expression  to 
allow  for  the  insulation  required  between  the  laminations, 
as  the  flux  which  passes  between  the  laminations  across 
this  insulation  will  increase  the  circulating  current  around 
them.  It  is  the  ratio  of  the  total  depth  of  the  conductor  to 
the  actual  depth  of  copper. 

If  the  average  e.xtra  loss  factor  of  all  the  p  laminated 
conductors  is  required  in  place  of  that  of  the  pih.  conductor 
above,  \ip' —  i)  is  substituted  for  (p'  —  p)  in  formula  (14). 
When  the  conductor  in  question  is  the  tth  conductor  in  the 
top  layer  of  vi  conductors  and  the  two  layers  in  the  same 
slot  are  carrying  currents  differing  in  phase  by  an  angle  tp, 
then  the  terms  (p'—p)  in  formula  (16)  are  replaced  by 

{m-\-t){m  +  t  —  i)  —  2m{2t—  i)sin=|^      (14a) 

The  application  of  the  modifications  of  this  expression 
in  formulae  (8)  and  (9)  to  the  present  case  of  laminated 
conductors  will  be  apparent. 
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Fig.  7  has  been  plotted  from  the  forniulfe  in  this  section 
and  relates  : — 

(a)  (Full  lines)  to  a  conductor  of  a  total  depth  of  copper o'5 
inch  (frequency  =  50,  a  =  07,  b  =  o'S  and  f  =  i  for 
the  sake  of  example)  divided  into  different  numbers 
of  laminations,  namely  into  2,  3,  4,  and  5  parts  to 
give  the  same  total  depth.  Different  curves  relate 
to  the  first,  second,  third,  and  fourth  of  such  con- 
ductors from  the  bottom  of  tlie  slot. 

(h)  (Dotted  lines)  to  similarly  laminated  third  and  fourth 
conductors  in  slots  where  current  in  top  conductors 
differs  in  phase  from  current  in  bottom  conductors 
by  60°. 
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Fig.  7. — Extra  loss  factor  in  laminated  conductors. 


Loss  in  equally  lamitiaicd  coiiduclors  subjccicii  to  external 
influence  only. — The  case  of  a  conductor  not  carrying 
current  of  its  own  yet  subjected  to  the  external  influence 
of  other  conductors  is  of  interest  in  some  later  problems. 

The  loss  in  a  solid  conductor  due  to  an  external  influence 
corresponding  to  (/>  —  i)  is  represented  by 


id'{p- 


(IS) 


Using  this  expression,  we  tind  that  in  an  equally  lami- 
nated conductor  the  loss  factor,  i.e.  the  loss  compared  with 
the  normal  loss  in  a  conductor  of  the  same  size  carrying  the 
fundamental  current,  is 


(,///,V.  Jo-  i;'.»r{i  +  b' c"- {n' -  i)} 


(16) 


(6)  Losses  in  Coils  in  which  Insulated  Laminations 
ARE  Continued  from  Turn  to  Turn. 

General  considerations. — The  improvement  effected  by 
simple  laminations  as  discussed  in  the  last  section  is  often 
not  sufficient  for  practical  purposes,  and  it  is  now  proposed 
to  discuss  various  arrangements  by  which  further  improve- 
ment is  effected  by  continuing  the  separately  insulated 
laminations  of  the  conductor  from  turn  to  turn,  and  some- 
times from  coil  to  coil,  throughout  the  winding.  Field,  in 
his  paper,  discussed  a  number  of  these  cases  with  reference 
to  his  equations.  They  may,  however,  be  conveniently 
studied  with  reference  to  only  the  first  order  of  eddy- 
current  distribution  already  deduced.  It  is  proposed  to 
review  briefly  the  well-known  cases  and  then  to  consider 
certain  new  ones,  including  those  in  which  the  coil  has  a 
fractional  pitch. 

Now  the  parasitic  voltage  corresponding  to  the  eddy 
currents  of  the  first  order  can  be  represented  by  parabolas 
and  straight  lines  as  already  shown  in  Fig.  1.  It  will  be 
noted  that  the  slope  of  the  straight  line,  starting  from  the 
second,  increases  from  conductor  to  conductor  and  may 
be  represented  in  any  conductor,  say  the  />th,  by  the  figure 
(p —  i);  that  is,  for  the  fourth  conductor  the  slope  of  the 
straight  line  mav  be  represented  b}'  3,  and  so  on. 

It  will  also  be  noticed  that  the  final  height  of  the  para- 
bola for  each  conductor  is  the  same,  and  is  half  the  final 
height  of  the  straight  line  which  represents  the  unit  slope 
in  the  second  conductor. 

If  now  the  laminations  of  any  one  conductor  are  con- 
nected continuously  to  the  corresponding  laminations  of 
any  other  conductor,  the  resulting  parasitic  voltage  in  the 
two  conductors  will  be  represented  by  tlie  sum  of  the 
parabolas  and  straight  lines  relating  to  these  two  con- 
ductors. Most  of  the  cases  to  be  considered  will  not  have 
the  voltages  added  in  this  manner,  for  in  passing  through 
one  slot  to  the  next  the  laminations  are  reversed,  so  that 
the  top  of  the  voltage  diagram  of  the  one  conductor  will 
need  to  be  added  to  the  bottom  of  the  voltage  diagram  of 
the  other  conductor.  Some  actual  diagrams  are  given  later 
in  illustrating  particular  cases. 

The  problem  may  be  considered  bv  simple  algebra  as 
follows  : — 

The  parasitic  volt.age  of  the  /)th  conductor  is  indicated 
(leaving  out  constant  terms  and  constant  coefficients)  by 
the  expression  \h'  +  {p  —  i)  /;.  When,  however,  we  wish 
to  con.sider  the  parasitic  voltage  in  a  conductor  with  refer- 
ence to  the  reversed  order  of  the  laminations,  we  must 
change  the  variable  /;  to  (H  —  li),  so  that  the  expression 
for  the  parasitic  voltage  of  the  ^th  conductor  under  these 
conditions  is  ^(H  — //)' -f  (/>— i)  (H  - //),  or  \lr-ph, 
leaving  out  constant  terms  and  coefficients  as  before. 

In  considering,  therefore,  the  resulting  voltage  per  unit 
length,  say  in  the  second  and  fifth  conductors,  when  the 
laminations  of  one  of  tliese  is  reversed,  the  expression 
will  be  \{\h'--\-.^h  +  ^lf  —  2  /;],  i.e.  \  It'  -\-  li,  whence 
the  equivalent  value  of  p  is  2. 


Consideration    of    Special    Cases    ok 
Insulated  Laminations. 


Continuously 


We  will  now  proceed  to  consider  in  detail  some  of  the 
cases  which  arise  in  practice,  designating  them  by  the 
names  usually  given  to  the  types  of  winding  to  which  they 
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refer,  and  remembering  that  in  all  cases,  unless  otherwise 
stated,  the  order  of  laminations  is  reversed  on  opposite 
sides  of  the  coil. 

Case  I.  Siugle-laver  single  turn. — The  diagrammatic 
treatment  of  this  case  is  shown  in  Fig.  8.  The  first  half 
turn  of  the  coil  is  shown  in  Fig.  Si!  and  the  second  half 
turn  of  the  coil  is  shown  in  Fig.  86.  The  electromotive 
force  diagrams  are  both  shown  on  the  curves  of  Fig.  Sc, 
but  one  is  reversed  because  of  the  reversing  of  the 
laminations. 


be  the  same  as  the  loss  in  a  conductor  of  half  the  original 
depth.  When  the  conductor  is  infinitelj-  laminated,  the 
extra  loss  factor  in  the  coil  is  one-sixteenth  the  value  for  a 
single  infinitely  laminated  conductor. 

Case  II.  Windings  in  whicli  the  order  of  ihc  laminations 
IS  rei'ersed  at  intervals. — The  case  just  considered  is 
typical  of  several  others.  For  instance,  if  any  other  con- 
ductor than  the  first,  say  the  third,  be  caused  to  occupy  a 
similar  position  in  another  slot  after  being  reversed,  then 
the ,  straight-line    portion   of   the   voltage   diagrams   will 


± 

5 


VoltA  re  m 
slofA 


Voltage  iiL 
slot  B 


Fig.  S6 


Fig.  8c 


Fig.  &d. — Combined 
voltage  of  slots 
A  and  B. 


Fir;.  Se.  —  As 
-  Fig.  8i  with 
zero  moved 
and  ordin- 
ates reduced 
by  one-half. 


Fig.  ga. — Arrange- 
ment of  con- 
ductors in  slots. 


Fig.  gb. — Volt- 
tage   dia- 
grams    of 
conductors. 


Fig.  ge. — Voltages 
of  conductors 
superposed. 


Fig.  gd. — Voltage  diagrams 
combined. 


In  Fig.  8c  it  will  be  seen  that  the  result  is  a  parabola 
reflective  about  the  centre  of  the  conductor  but  of  the 
same  magnitude  as  before.  This  leads  to  the  rule  based 
upon  Field,  viz.  for  a  one-layer  winding  in  which  the 
conductor  is  twisted  over  the  middle  of  the  coil  the  eddy 
current  is  as  for  a  first  conductor  of  half  the  depth. 

The  algebraical  analysis  of  this  case  is  as  follows: — 

The  resulting  voltage  is  \(\h'  -\-  \lr  —li)  =  \lr-  —  \li. 
which  corresponds  to  a  conductor  of  the  degree  i. 

The  loss  in  such  a  conductor  may  readily  be  shown  to 


balance  one  another  and  the  exlra  loss  factor  due  to 
circulating  currents  in  this  third  conductor  will  be  as  for 
a  first  conductor  of  half  the  depth. 

The  same  principle  may  be  applied  to  complete  coils  or 
even  to  whole  ranges  of  coils. 

Case  III.  Double-layer  single-turn  coil.— Fig.  g  has  been 
drawn  for  this  case.  The  result  is  that  after  dividing  the 
ordinates  of  Fig.  gif  by  2,  the  loss  factor  due  to  circulating 
current  in  each  conductor  is  as  for  the  first  conductor. 

Case  IV.     Double-layer  multiple-turn  eoil,  lamination  being 
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continuous  Ihrouglioul  coil  and  reversed  at  each  end. — Again 
the  general  rule  may  be  briefly  stated.  The  loss  factor 
due  to  circulating  currents  is  as  for  conductor  of  a  degree 
corresponding  to  one-quarter  the  number  of  conductors 
per  slot,  plus  i  (see  Figs,  loa  and  loc  for  a  two-turn 
coil). 
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Fig.  loi. 


z'V^coadu.ctoT 


•reversed 


Fig.  IOC. — Voltage  diagram  for  Fig.  loa 
(net  straight-line  slope  =  4). 


•  -i^conductor 
•  I^'^COTlductoT 


2  ■-■^conductor  I 
3-iiconductorr''''"*'^'^ 


Fig.  lod. — Voltage  diagrams  for 
Fig.  106  (net  straight-line  slope 
=  0). 

Case  V.  Double-layer  viultiple-turn  coil,  laminations 
being  continuous  Ihrouglioul  coit,  modified  construction  for 
coils  with  even  number  of  turns. — The  partial  elimination  of 
the  straight  lines  by  one  another  in  the  previous  case  gives 
rise  to  the  question  whether  it  is  possible  to  arrange  the 
laminations  in  the  successive  half  turn  of  the  multiple  half 
coil  so  that  the  straight  lines  eliminate  one  another 
altogether.  If  this  can  be  done,  the  loss  due  to  circulating 
current  in  each  conductor  of  the  coil  is  obviously  reduced 


to  that  of  a  first  conductor  of  half  the  depth  of  the  con- 
ductor in  question,  as  in  Case  I. 

We  may  attain  the  desired  object  if  we  reverse  the  con- 
ductors, not  with  reference  to  their  layer,  but  with  refer- 
ence to  the  slope  of  the  straight-line  portion  of  their 
parasitic  voltage  diagrams.  For  instance,  in  the  case  of  a 
two-turn  coil  this  may  be  done  by  connecting  the  first 
and  fourth  conductors  so  that  they  are  cumulative  and  are 
opposed  to  the  second  and  third  conductors,  which  in 
themselves  are  cumulative  as  shown  in  Fig.  106.  The 
resulting  voltage  diagrams  arc  shown  in  Fig.  lorf. 

In  the  case  of  an  infinitely  laminated  conductor  the 
extra  loss  factor  will  be  reduced  from 

I  6=  rf-" 


b-d^  (  i  +  -)=-^— 5- 
\45      4/  180 


for  a  conductor  of  degree  ij,  to  b"  d'jiSo  for  a  conductor 
of  degree  J. 

A  comparison  of  the  algebraical  treatment  of  Cases  IV 
and  V  for  a  two-turn  coil  is  of  interest. 

In  the  arrangement  of  Case  IV  the  resulting  expression 
will  be  : — 

l[(llr-~-h)  +  (|/i=-2/0  +  (ilr-  +  2h)  4-  (i/i=  +  3'')] 

=  \  h'  +  i  /; 

which  corresponds  to  a  ij  conductor  (see  rule  given 
above). 

The  arrangement  of  Case  V  will  give 


i[(i/'=-/0  +  (Ur 


= 1  //=  - 


in 


which  corresponds  to  a  conductor  of  degree  J,  as  already 
deduced  by  the  graphical  method. •■■ 

Case  VI.  Double-layer  multiple-turn  coil,  laminations 
being  continuous  throughout  the  coil — modified  construction 
for  a  coil  with  an  odd  number  of  turns. — The  complete 
elimination  of  the  straight  portion  of  the  parasitic  voltage 
diagrams  is  not  possible  in  this  case,  as  the  sum  of  the 
slope  of  all  the  straight  portions  of  the  parasitic  voltage 
diagram  is  odd,  but  the  same  final  result — that  is,  making 
the  circulating  current  in  the  coil  equivalent  to  that  of  the 
first  conductor  of  half  the  depth — may  be  attained  by  so 
arranging  the  order  of  lamination  in  the  various  conductors 
that  a  single  unbalanced  straight  element  of  the  voltage 
diagram  remains  and  is  in  opposition  to  two  unbalanced 
parabolic  elements. 

Thus  in  a  three-turn  coil,  if  instead  of  the  laminations  of 
the  first,  second,  and  third  conductors  being  connected 
together  in  cumulative  effect,  and  in  opposition  to  the 
cumulative  effect  of  the  fourth,  fifth,  and  sixth  conductors, 
we  connect  the  first,  second,  third  and  fifth  conductors  to 
be  cumulative  and  to  be  in  opposition  to  the  cumulative 
effect  of  the  fourth  and  sixth  conductors,  the  circulating- 
current  losses  will  be  as  for  a  conductor  of  half  the  original 
height. 

The  algebraic  treatment  for  a  three-turn  coil  may  be 
given  as  follows  : — 

I.  For  the  usual  arrangement 

(1/6)  [(^  ir-  -  h)  -f  (i  /,=  -  2  //)  +  (I  Ir  -  3  /')  +  (h  '''  +  3  /') 
+  (|//=  4-  4 '0  +  (^ /'=  +  5 '')]  =  ilr-+h 
which  is  equivalent  to  the  second  conductor. 

*  For  further  particulars  of  this  type  of  coil  see  Brkish  Patent  135,533. 


TAYLOR:   EDDY   CURRENTS   IN   STATOR  WINDINGS. 


289 


2.  For  the  modified  arrangement 

(i/6)  I  (1  //=  -h)+{ih^-2  /;)  +  (J  //=  -  3  '')  +  a  ir-  -  5  /') 
+  (i/r  +  3//)+(i/i=  +  5/;)]  =hh'—lh 

the   result   again   corresponding    to   a   conductor   of   the 
degree  \. 

In   the  case   of   an   infinitely  laminated   conductor  the 


extra  loss  factor  is  reduced  from  ifM        +      )  ^  076  b"  d* 

for  a  conductor  of  degr 
conductor  of  degree  i.* 


Recoxsideration  ok  Laminated  Coils  whex  Used 
IN  Fractional  Pitch  Windings. 

We  will  reconsider  some  of  the  previous  cases  when  the 
coils  span  a  fractional  portion  of  a  pole  pitch,  re-designat- 
ing them  by  the  suffix  a  in  order  to  facilitate  reference. 
In  addition,  under  suffix  6  we  will  combine  the  previous 
cases  with  the  present  ones,  as  with  a  fractional  pitch 
which  is  less  than  the  distribution  of  a  phase. 

Case  Ila. — In  the  types  of  winding  falling  under  this 
heading,  the  conductors  are  sorted  into  pairs,  so  that  each 
conductor  of  a  pair  is  similarly  situated  both  as  regards 
position  in  the  slot  and  as  regards  external  influence,  but 
the  order  of  the  laminations  is  reversed  in  the  second  con- 
ductor of  the  pair.  As  in  the  previous  Case  II,  the  loss  in 
the  conductors  due  to  circulating  current  will  be  as  for  a 
first  conductor  of  half  the  depth. 

Case  Ilia.  Two-layer  single-turn  coil. — This  case  is 
typical  of  others  which  follow.  The  expression  for  the 
parasitic  voltage  for  the  side  of  the  coil  which  is  at  the 
bottom  of  a  slot  is  (when  laminations  are  reversed)  J  h-  —  /;. 

The  expression  for  the  parasitic  voltage  on  the  side  of 
the  coil,  which  is  at  the  top  of  a  slot,  is  J /;=  +  /;  cos  9) 
+  /'  //  sin  (p. 

The  parasitic  voltage  in  eacli  conductor  of  the  complete 
coil  is  therefore 

\  [i  /:=  —  h  -\-  i  Ir  +  //  COS  (P  -{-  J  li  sin  ip] 

=  iW  -\-  ih  [cos  0  —  i]  +  Jy  /;  sin  ip 

Referring  to  section  {4),  and  especially  formute  (4) 
and  ('5),  it  will  be  seen  that  the  extra  loss  factor  in  a 
conductor  with  this  parasitic  voltage  distribution  will  be 

6=<;-'[4rf^'45+|rf^{(Jcos0  +  i)(lcos0  — i)  +  isin=0}] 

The  second  part  of  the  expression  becomes  zero  upon 
simplification,  and  thus  the  phase  angle  <p  does  not  enter 
into  the  result,  and  the  losses  are  as  for  a  first  conductor 
as  in  the  allied  Case  III. 

Cas/!  Illb.  Two-layer  single-turn  coil  with  laminations 
continued  from  coil  to  coil. — The  further  case  where  the 
insulated  laminations  of  coils  such  as  considered  in 
Case  III  are  continued  from  coil  to  coil,  and  where  only 
some  of  the  coils  are  subjected  to  the  external  influence 
of  current  of  a  different  power  factor,  is  worthy  of 
consideration. 

Let  the  number  of  coils  thus  subjected  to  the  external 
current  influence  out  of  phase  with  their  own  current  be  a 
fractional  part,  say  s,   of  the  total  number  of  coils  con- 

♦  For  further  particulars  of  this  type  of  coil  see  British  Patent  i3r-,;o;. 


6-  d* 

for  a  conductor  of  degree  2,  to    — ,     =  o'03^6  b- d*  for  a 
"  '         180  •' 


nected  in  series  ;  then  the  average  parasitic  voltage  of  all 
the  conductors  in  the  combined  coils  will  be 

J  //'  —  I  s  /;  -t-  J  s  //  cos  ^  +  ^  7  5  /;  sin  ■?> 
and  the  portion  of  the  expression  for  the  extra  loss  factor 
which  involves  the  equivalence  of  the  conductor  in  the 
form  (p-  —  f)  is 

i  s  (cos  <p—i)  \^s  (cos  (>  —  i)  +  1 1  +  J  i°  sin=  <p 

=  — s(i  —  s)  sin' J  ^     (17) 

From  this  it  will  be  seen  that  a  reduction  in  loss  factor 
may  be  obtained  by  continuing  the  insulation  of  the 
laminations  from  coil  to  coil.  The  maximum  effect  occurs 
when  5=0-5,  a"d  this  corresponds  to  a  fractional  pitch 
of  5/6  for  a  three-phase  machine  and  a  fractional  pitch 
of  f  for  a  two-phase  machine. 

CaselVa.  Two-layei  multiple-turn  co(l,  laminations  being 
continuous  throughout  the  coil. — This  case  may  be  treated 
in  the  same  manner  as  Case  Ilia  for  a  single-turn  coil, 
with  a  similar  result,  namely,  that  the  loss  factor  is  inde- 
pendent of  the  phase  of  the  external  influence  on  the  top 
side  of  the  coil. 

Case  IVb,  Case  IV,  and  IVa  combined. — Here  again  the 
result  is  similar  to  Case  1 1 16,  for  the  equivalent  value  of 
the  conductor  is  reduced.  When  the  coils  have  m  turns, 
the  equivalence  of  the  winding  in  the  form  (/>'  —  p)  is 

i(m=  — 1)  — m=s  (i  —  s)  sin"  J  ^     .     .     .     (18) 

Case  Va,  double-layer  multiple-turn  coil,  laminations  con- 
tinuous throughout  coil,  modified  construction  for  coils  with 
even  number  of  turns. — The  essential  feature  of  this  con- 
struction is  that  alternate  adjacent  conductors  in  each 
layer  are  reversed,  \vhereas  in  Case  IV  the  laminations  of 
adjacent  conductors  in  each  layer  are  of  the  same 
sequence  but  are  reversed  in  the  two  layers.  In  the 
present  case  therefore  the  conductors  in  the  top  layer  are 
alternatively  under  the  direct  and  reversed  influence  of 
the  current  in  the  bottom  layer,  whatever  their  phase  may 
be,  and  as  the  number  of  conductors  per  layer  is  even, 
the  loss  factor  is  independent  of  the  influence  in  the 
bottom  layer,  whatever  its  value  or  phase.  The  current 
and  therefore  also  the  loss  factor  are  exactly  the  same  as 
in  the  previous  Case  V,  and  the  case  corresponding  tc 
Cases  1 1 16  and  IVc  does  not  arise. 

Case  Via.  Double-layer  multiple-turn  coil,  laminations 
being  continued  throughout  the  coil-modified  construction  for 
the  coil  with  an  odd  number  of  turns. — An  essential  feature 
of  this  construction  is  again  that  alternate  adjacent  con- 
ductors in  the  top  layer  are  reversed.  As  the  number  of 
conductors  in  the  layer  is  odd,  it  follows  that  the  external 
influence  of  the  out-of-phase  current  in  the  bottom  of  the 
slot  is  balanced  except  as  regards  one  conductor,  what- 
ever the  number  of  conductors  or  turns  per  coil.  It 
follows,  therefore,  that  the  average  parasitic  voltage  per 
conductor  in  the  coil  is  given  by  the  expression 

\  h-  +  //  (i  cos  (p  —  I)  +  ^y  //  sin  (p 

The   value   of   (p- — />)   for   such   a   conductor   will   be 
found  to  he 

sin=  \(p  —  J (19) 

a  result  which  is  not  independent  of  <p  but  is  independent 
of  m. 

For  a  tliree-phase  machine  the  equivalent  conductor  is 
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unity  instead  of  05  in  Case  VI,  and  for  a  two-phase 
machine  is  i'2  In  no  case,  however,  is  the  loss  so  great  as 
in  Case  IV,  IVa  and  IV6,  which  aU  involve  the  value  of  m. 
Case  VIb. — Reconsidering  Case  Via  in  the  same  way  as 
previous  cases,  the  equivalent  conductor  when  expressed 
in  the  form  (/>=  —  />)  will  be  found  to  I  be 

s"  sin=  I  0  —  J (20) 

a   result   which    is   intermediate    between    Case   VI    and 
Case  Via. 


Calcuution  of    Losses  in   Coils  with  Coxtixuously 
Insulated  Laminations. 

Where  the  laminations  are  so  thin  that  the  case  of 
infinite  lamination  is  approached,  the  loss  factor  for  the 
whole  coil   may  be  determined  by  using  the  equivalent 

(A)  E.XTRA  Loss  Factors  due  to  Local  Currents. 

ist  Conductor         ..  ..     o'o22 

2nd  Conductor         ..  ..     o"i56 

(B)  Extra    Loss    Factors    due    to    Circulating 
Currents — Each  Conductor. 


Case  III  and  Case  IIU 
(3 -phase) 

Case  IIIb  (3-phase 
5/6  pitch) 

0-308 

€•232 

(C) 

Extra  Loss 

Factor 

FROM  All  Causes. 

Case  III  or  Case    Case  HIb  (3-phase 
IIIa  (3-phase)  5/6  pitch) 


ist   Conductor 
2nd  Conductor 


033 

0*46 


0-25 

039 


032 


I  HO-625"  ] 
r<-0-85-»i 


(D)    If    Each    Conductor    had    had    Lamination 

SEPARATELY    CONNECTED    AT  THIS   End,    ExTRA 

Loss  Factors  from  .All  Causes  would  h-we 

BEEN    (aPPRO.XI.MATEI.Y) 

ist  Conductor  . .         . .         . .     o'3 

2nd  Conductor  . .  . .  . .     2 "  5 

Average     . .  . .  .  .      1-4 

Fig.   II. — Calculation  of  extra  loss  factors  in  a  single-turn 
two-layer  coil  (temperature  of  copper  taken  as  100°  C). 

6=o'53;  frequcncy=  50. 
Cases  IIIa  and  IIIb  are  for  3-pha3e  5/6  pitch. 

value  of  (/>"—/')  deduced  under  the  previous  leadings  in 
formula  (2),  multiplying  the  result  by  b"  c-. 

In  most  practical  cases,  however,  the  finite  thickness  of 
the  lamination  must  be  taken  into  account,  and  for  this 
purpose  formulas  {13)  and  (131!)  should  be  used.  The 
following  points,  however,  should  be  noted  : — 

(i)  />,  m  or  1  in  the  first  portion  of  these  formulne,  i.e.  in 
the  portion  dealing  with  the  local  currents,  is  the  actual 
number  of  the  conductors  as  they  appear  in  the  coil,  as 
the  loss  due  to  local  currents  in  the  laminations  is  inde- 
pendent of  the  manner  in  which  the  coil  has  been  con- 
structed. 

(2)  For  the  circulating-current  losses  the  second  portion 
of  formula  (13)  should  always  be  used  in  all  cases,  and  the 
value  of  (/>-  —  p)  in  this  is  the  same  for  every  conductor 
and  is  the  equivalent  of  the  coil,  as  derived  under  tlie 
previous  headings  in  this  section. 

As  illustrations  of  calculations,  Figs.  11,  12  and  i^  are 
given  show'ing details  and  results  for  a  one-turn,  a  two-turn, 
and  a  tliree-turn  coil  respectively. 


In   concluding  this  section  it  may  be   added  that  the 
equivalent    values    of  (/>- — /■)  as   here  deduced   for   the 


(.\)  E.\tra  Loss  Factor  due  to  Local  Currents, 
1st  Conductor         . .         . .     o'oo7 
2nd  Conductor        . .         . .     o'047 
3rd  Conductor        ..         ..     0*128 
4th  Conductor        . .         . .     0*249 

(B)  Extra  Loss  Factor  due  to  Circulating 
Currents. 


Case  IV  or 
Case  IVa 


Case  V     Case  INi 


Equivalent  "  Con- 
ductor (P) 

(P--P)     .. 

Factor  for  all  Con- 
ductors 


075 
o"6l3 


-0-25 
0*0096 


(i*3f') 


0*5 
0*462 


(C)  Extra  Loss  Factor  for  All  Causes. 


Separate     ^^r™     Case      Case 
Conductor    "f,f<^        V         IVb 


i?t  Conductor 
2nd  Conductor 
3rd  Conductor 
4  th    Conductor 


Average 


0'2 

i'3 
3-8 
7'4 


o'6z  0*017  0*469 

o'66  o"057  0*509 

0-74  0-138  0-590 

o'S6  o'259  0-711 


Fig.   12. — Calculation  of  extra  loss  factor  in  a  two-turn  two- 

laj'er  coil  (temperature  of  copper  taken  as  ioo°  C). 

6=0*70;  frequeacy  =  50. 

Cases  IVa  and  IVb  are  for  3-phase  5/6  pitch. 


1st  Conductor  . 
2  nd  Conductor  . 
3rd  Conductor  . 
4th  Conductor   . 

5  th  Conductor  . 

6  th  Conductor  . 

Average 


Lxtra  Loss 
Factor  due  to 
Local  Currents 

o'oo3 
0-024 
o"o64 

0'025 

0*207 
0-308 

j               0"I22 

Extra  Loss 
Factors  if  Each 

Conductor 
were  Separate 

o"04 
0-36 
0-99 
i'94 
3*19 
477 

1-88 

Extra  Loss  Factors  due  to  Circulating 

Currents. 


Case 

IV 


quivalence        of         2 

Conductor  (P) 
P— P        ..  2 

Factor  for  all  Con-     0-341 

ductors 


Case 
VI 


i 

0-002 


Case 

VIA. 


Case 
VIb 


o         3/16 
0*040  I  0-01 1 


Total  Extra  Loss  Factors. 


Case 

Case 

Case 

Case 

• 

IV 

VI 

VIA 

ViBJ 

ist  Conductor     . . 

o*344 

0*005 

0*043 

0*014 

2nd  Conductor    . . 

0*365 

0*026 

0*064 

0*035 

3rd  Conductor     . . 

0*405 

o*o66 

0*104 

0075 

4th  Conductor    . . 

0*466 

0*127 

0*165 

0*136 

5th  Conductor    .. 

0*548 

0*204 

0*247 

0*218 

6th  Conductor    . . 

0649 

0*310 

0*348 

0*319 

Average 

0*46 

0*12 

0-i6 

0*13 

Fig.   13. — Calculation  of  extra  loss  factors   in  a  three-turn 

two-layer  coil  (temperature  of  copper  taken  as  ioo°  C). 

6=0*7;  frequency  =  50. 

Cases  VIA  and  VIb  are  for  3-phase  5/6  pitch. 

various  cases  are  applicable  to  the  calculation  of  deep 
infinitely-laminated  conductors  for  which  Field's  full 
expressions  must  be  used.     They  may  all  be  derived  by 
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introducing     the     proper     boundary     condition     in    the 
previously  mentioned  determinant  in  Field's  paper. 

(7)  Losses  ix   Coxductors  and   Coils  in  which  Insu- 
lated Lamixatioxs  are  Successively  Transkerred. 

There  are  two  different  methods  of  carryinj;  out  suc- 
cessive transference,  viz.  when  the  conductor  talics  the 
form  of  a  rope  or  cable  and  each  lamination  of  the  con- 
ductor occupies  all  positions  in  the  one  conductor,  and 
when  the  laminations  of  a  normal  conductor  are  con- 
tinued throughout  the  winding  and  are  transferred  to 
adjacent  positions  at  the  end  of  each  turn.-'= 

When  the  cycle  of  transference  is  complete,  the  losses 
depend  only  upon  the  finite  thickness  of  the  single 
laminations  and,  apart  from  mechanical  and  other  restric- 
tions in  the  design,  may  be  continuously  reduced  by 
choosing  a  greater  and  greater  number  of  laminations  to 
form  the  conductor,  each  such  lamination  forming,  as  far 
as  eddy  currents  are  concerned,  an  isolated  conductor. 
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Fig.  14. — Number  and  thickness  of  laminations  for 
different  total  depths  of  copper  to  give  an  extra 
loss  factor  of  0-33. 


The  second  method  has  the  limitation  that  the  number 
of  laminations  in  the  conductor  is  limited  to  the  number 
of  turns  per  phase  in  the  winding,  and  in  some  cases 
further  means  must  be  adopted  to  reduce  the  eddy-current 
losses  in  the  finite  sections.! 

Curves  are  plotted  in  Fig.  14  showing  the  number  of 
lamirlations  into  which  a  given  total  depth  of  copper  must 
be  divided  in  order  that  the  method  of  successive  trans- 
ference may  reduce  the  e.ttra  loss  factor  to  a  given  value, 
in  particular  s.ay  to  0-33.  In  addition  the  thickness  of  the 
laminations  has  also  been  indicated. 

The  curves  have  been  plotted  by  supposing  in  formula 

(3)  that  -  is  so  large  compared  with  the  constant  arith- 
metical term  (—  1/45)  that  the  latter  can  be  neglected. 

♦  See  British  Patent  10919/13. 

t  See  however  British  Patents  30  062  and  30,063  of  1919. 


The  number  of  laminations  in  the  slot  {p)  is  given  by 

p=m <=■' 

and  when  ;  =  50,  a  =07,  and  K  ^  0'33,  />  =  2^25  H'' . 

Similar  useful  approximate  formula;  may  be  derived  from 
formula  (13)  when  the  laminations  are  transferred  in 
groups.  For  instance,  if  each  separate  conductor  consists 
of  two  laminations  solidly  connected  at  the  end  of  each 
half  turn,  then 
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and  if  /^  50,  a  =  o7,  b=o-^,  t-^i,  and  K  =  o-33 
^  =  i-5H',  and  the  number  of  laminations  is  twice  this 
number.     This  case  is  also  plotted  in  Fig.  14. 

The  calculation  of  the  loss  factor  in  cases  where  the 
cycle  of  transference  is  complete  is  comparatively  simple. 
In  cases,  however,  where  the  cycle  of  transference  may 
not  be  complete,  circulating  currents  will  occur  between 
the  various  laminations  which  cause  an  addition  to  the  loss 
factor. 

In  the  cable  construction,  incomplete  transference  wiil 
occur  w-hen  the  length  of  the  core  of  the  machine  does 
not  correspond  to  an  e.xact  number  of  pitches  in  the 
conductor. 

A  similar  consideration  will  arise  in  the  case  of  the 
second  method  described  above,  when  the  number  of 
turns,  for  some  reason  arising  out  of  the  details  of  the 
design,  does  not  correspond  to  the  number  of  sections 
selected  for  the  conductor,  as  for  instance  when  the  num- 
ber of  turns  per  phase  is  9  and  the  number  of  laminations 
selected  is  say  6  or  12.  Further  cases  arise  when  the 
winding  has  a  fractional  pitch:  for  although  the  cycle  of 
transference  may  be  completed  mechanically,  it  will  then 
not  be  satisfied  electrically. 

Calcul.atiox  of  Loss  Factors  when  Cycle  ok 
Traxsferexce  is  Ixcomplete. 

It  will  be  noticed,  first  of  all,  that  the  complete  cycle 
consists  of  a  double  traverse  of  the  conductor.  In  Fig.  15, 
however,  diagrams  have  been  drawn  to  show  the  regions 
of  the  conductor  traversed  by  laminations  when  only  three- 
tenths  of  a  cycle  of  transference  has  been  completed,  the 
different  individual  diagrams  marked  a,  b,  c,  etc.,  referring 
to  laminations  originally  situated  at  different  positions  in 
the  conductor.  The  actual  initial  position  of  the  lamina- 
tion under  consideration  is  shown  by  a  thick  line  in  each 
diagram. 

In  addition  to  the  conductor  itself,  we  have  also  shown 
the  parasitic  voltage  distribution  when  the  conductor  is  a 
first  conductor,  and  on  these  parasitic  voltage  diagrams  we 
have  indicated  the  portions  which  will  be  generated  in  a 
lamination  corresponding  to  each  of  the  diagrams  a,  b,  c, 
etc.  The  parasitic  voltage  for  the  laminations  on  the 
right-hand  side  of  the  conductor  have  been  drawn  in  con- 
tinuation of  that  for  the  left-hand  side  of  the  conductor. 

It  may  be  noted  in  passing  that  the  minimum  average 
voltage  will  be  for  the  position  shown  as  /  in  diagram  and 
the  maximum  average  voltage  will  be  for  the  position 
shown  in  diagram  d. 

Now  in  order  to  calculate  the  circulating  eddy  current 
between  the  laminations,  we  proceed  first  of  all  to  deter- 
mine the  average  parasitic  voltage  in  the  various  lamina- 
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tions  over  the  completed  portion  of  the  cycle.  Simple 
algebra  and  integrations  sliow  that  if,  leaving  out  constant 
terms  and  coefficients,  we  take  the  expression  for  parasitic 
voltage  distribution  as  h-,  then  the  parasilic  voltage  diagram 
for  the  partially  transferred  conductor  is  symmetrical  about 
the  positions  /  and  d  (see  Fig.  i6)  and  that  for  the  region 
of  the  conductor  between  the  position  /  and  /'  that  is  for 
(I —r)th  portion  of  the  depth  of  the  conductor,  the  para- 
sitic voltage  expression  is  (with  reference  to  position  d  as 
origin)  still  /(= ;  while  for  the  rest,  that  is  ;th,  of  the  depth 
of  the  conductor  between  d  and  /  the  expression  (with 
reference  to  d  as  origin)  is  —  /;=  (i  —  /•)/;■  +  H=  (i  —  ;•). 


m 


'a'  C5)  (c)  M)  ie> 


Fig.  15. — Ranges  occupied  by  different  laminations  and 
parasitic  voltages  accumulated  in  them  when  3/ioths  of 
cycle  of  transference  is  completed. 

When  the  conductor  is  infinitely  laminated  the  extra 
loss  in  the  portion  of  the  conductor  between /and  /  will  be 

(4/45)  d*(i  —  ry.       .       .       .      (23) 

and  similarly,  the  extra  loss  of  the  portion  of  the  conductor 
between  d  and /will  be 

(4/45)  '/■'  (I  -  '•)'  r^  ...      (24) 

again  with  reference  to  the  whole  conductor. 

In  addition  to  the  extra  loss  factors  above,  there  is  that 
due  to  a  circulating  of  eddy  current  between  the  two 
portions  of  the  conductor,  for  the  average  value  in  each 
is  not  the  same.  The  difference  between  the  average 
voltages  in  the  two  regions  is  |  H=  (i  —  ;). 

The  resistance  of  the  path  of  the  circulating  current  is 


proportional  to 


,  so  that  the  extra  loss  will  be 


r  (I  —  r) 

(4/9)  d*r{i  —  ;)3 


(25) 


This  extra  loss  is  independent  of  the  degree  of  lamina- 
tion. The  extra  loss  factor  in  the  conductor  will  therefore 
be,  in  the  case  of  infinite  lamination, 

(4/45),/^(i-;-)'  |(i  -;-)3-)-  r^  +  5  ;•  (j  _  ;•)  | 

=  (4/45)  ''*(i  —  'f  (1—2  ;■—  2  r')     (26) 


i 
i  i 

I 


Fig.  16. — Average  parasitic  voltage  in  laminations  of 
first  conductor  when  3/ioths  of  cycle  of  trans- 
ference has  been  completed. 

(Letters  a,  6,  d,  etc.,  refer  to  corresponding  lamination  in  Fig.  15. 
a,b,d,eic.) 

Taking  the  loss  in  an  ordinary  infinitely  laminated  con- 
ductor as  (4/45)  d-i,  the  decreased  ratio  of  loss  obtained  by 
partial  transference  is  given  by  (i  ~  r)"  {i  —  2  r —  2  r'). 
This  expression  is  plotted  in  Fig.  17. 
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Fig.  17. — Fractional  reduction  of  loss  with  fractional 
cycles  of  transference. 

These  results  apply  to  the  bottom  conductor  only.  The 
cases  of  other  conductors  have  been  analysed,  but  the 
resulting  curve  is  so  close  that  for  all  practical  purposes  it 
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may  be  taken  as  identical  with  it.     We  may  simply  state 
that  when  />  is  very  large  the  reduction  factor 

between  /-=  o  and  /■  =  o'5  is  [i  — 4^-  +  (16/5)  r^] 
and  between  r=  o'5  and  r^  i  is 

:  —  8  r  +  28  r=  —  16  r3  1 


C-^-Tl- 


(27) 


Calculation  of  Loss  Factor  whex  Traxskerexce  is 

CON'TINUED  past   THE    FiRST   CYCLE    BUT    SUBSEOUEXT 

Cycles  of  Tr.\nsference  are  Incomplete. 

At  the  end  of  the  first  cycle  of  transference  there  is 
no  parasitic  voltage  between  the  various  laminae  of  the 
conductor.  As  subsequent  cycles  are  entered  upon,  the 
parasitic  voltage  will  gradually  reappear,  and  will  attain 
for  corresponding  positions  in  the  cycle  the  same  value 
as  in  the  first  cycle.  In  the  new  cases,  however,  the  eddy 
currents  which  will  result  from  this  voltage  have  to 
traverse  a  longer  distance  of  conductor  and  will  be 
reduced  accordingly.  This  is  equivalent  to  decreasing 
the  value  of  b.  For  instance,  if  the  winding  occupies 
one  complete  cycle  and  half  of  the  next,  the  voltage 
corresponding  to  one-half  of  the  cycle  is  now  acting 
apart  from  end  connections  over  a  length  of  conductor 
equal  to  three  halves,  instead  of  one-half  of  one  cycle. 
The  value  of  b  is  therefore  one-third  of  its  previous  value 
and  the  extra  loss  factor  due  to  circulating  currents  is 
diminished  in  the  ratio  of  1:9. 

It  will  be  seen  that  when  once  a  cycle  of  transference 

has  been  completed,  the  unbalanced  voltages  due  to  the 

ncompletion  of  any  subsequent  cycles  when  distributed 

over  the  whole  conductor  are  small,  and  the  resultant  loss 

rapidly  becomes  negligible. 

Calculation"  of  Loss  Factor  when  Transference  of 
Lamin.ations  takes  place  in  Steps  at  Ends  of 
Turns. 

The  distinction  between  this  type  of  construction  and 
that  previously  considered  is  that  the  transference  of  the 
lamination  in  two  successive  positions  takes  place  in  steps, 
viz.  by  taking  what  is  for  the  time  being  the  top  lamina- 
tion and  placing  it  at  the  bottom  of  the  conductor.  Only 
a  single  width  of  lamination  is  required  across  the  slot 
for  this  construction  and  the  cycle  of  transference  is  thus 
completed  by  a  single  traverse  of  the  conductor. 

A  consideration  of  the  present  problem  shows  that,  as 
m  the  previous  one,  the  conductor  is  divided  into  two 
ranges  consisting  of  (11  —  '+1)  and  (r — i)  laminations 
respectively,  and  that  a  portion  of  the  loss  factor  is 
derived  from  each  range.  There  is  in  addition  a  circu- 
lating current  between  the  ranges  which  give  rise  to 
another  term  in  the  loss-factor  formula. 

It  is  not  proposed  to  develop  the  expressions  in  detail, 
but  only  to  give  the  results,  as  they  may  be  readily  found 
in  the  manner  adopted  under  the  last  heading  with  the 
exception  that  inasmuch  as  transference  takes  place  in 
steps,  the  accumulated  parasitic  voltage  in  any  one  lami- 
nation at  the  end  of  partial  transference  must  be  found  by 
taking  the  summation  of  finite  quantities  instead  of  the 
integration  of  infinitesimal  quantities. 

The  various  terms  in  the  loss  factor  for  the  present  case 
are  calculated  as  follows  : — 


(i)  The  extra  loss  factor  due  to  local  currents  in  the  bars 

is  calculated  froni  formula  (2)  or  (3). 
(2)  The  extra  loss  factor  due  to  circulating  currents  in 

the  (n  —  r  +  i)  range  of  laminations   is   given  by 

the  expression 


Q....p,._„{4NI^  +  Nl<Etii>jN, 


(28) 


Where  X,  =  »  -  r  -^  i,  and  P.  =    '  "  ~  ''  +  '  +  "  '>  -  "} 

(11  —  T  +  i)      11  —  r+  I 

p  being  the  equivalent  value  for  the  coil  as  derived 
in  the  last  section. 

(3)  The  extra  loss  factor  due  to  circulating  currents  in 

the   (r — i)   range   of  lamination  is  given   by  the 
expression 

whereN,=  r-i,   and    p^'i+>jr_L+  "(»-r)(^-r) 

2(r — i)  r{r—\) 

p  having  the  same  value  as  before. 

(4)  The   extra  loss  factor   due   to  circulating   currents 

between  the  two  ranges  is  given  by 


/dyb'c'', 


(30) 


Fractional-pitch  Windings  with  Successively  Trans- 
ferred Laminations. 

As  already  pointed  out  in  section  4,  there  may  be 
certain  conductors  in  the  upper  la\-er  of  a  two-layer 
winding  with  a  fractional  pitch  which  are  subjected  to 
external  influence  of  current  out  of  phase  with  their  own. 
In  the  case  of  the  type  of  winding  now  under  considera- 
tion, it  will  be  seen  that  with  a  fractional  pitch,  althougli 
the  cj'cle  of  transference  is  completed  mechanicallv,  it 
is  not  completed  electrically.''' 

For  the  sake  of  example  we  will  consider  only  a  single- 
turn  coil.  When  other  cases  arise  they  can  always  be 
first  converted  into  an  equivalent  conductor,  which  can 
then  be  dealt  with  in  the  manner  now  proposed  for  the 
single-turn  coil. 

Xow,  in  a  fractional-pitch  winding  some  of  the  upper 
conductors  are  subjected  to  an  external  influence 
represented  by  cos  <p  +  J  sin  9  instead  of  by  unity. 
If  we  express  the  external  influence  in  the  form 
I  +  (cos  0  —  i) +y  sin  (p,  we  may  then  consider  the  case 
as  if  the  electrical  transference  had  first  been  completed, 
and  that  then  a  number  of  coils  (s)  had  been  subjected 
to  an  external  influence  of  (cos^i  —  i)  +J  sin  (p. 

By  the  partial  transference  of  s  steps  out  of  11  steps,  the 
bottom  range  of  the  conductor  consisting  of  {n  — s+  i) 
bars  is  subjected  to  an  equivalent  external  influence  of 


(,7^:7+1)  ('=°s^-i+>  sin  ^ 


and  the  top  range  of  laminations  consisting  of  (s  —  i)  bars 
is  subjected  to  the  equivalent  external  influence  of 


n  (n  —  s) 


(cos  56  —  I  -f./  sin  tf) 


s{s  —  i) 

See,  however,  some  methods  described  in  British  Patent  135,533. 
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Using  formula  (15)  tlie  extia  loss  factor  will  be  found 
to  be 

'  (-V sin' 0/2  .  ^^.^s(;;— s)  (11  s-s=+ 2)      .     (31) 

remembering  that  although  the  voltage  is  derived  from 
tlie  partial  transference  of  s  conductors,  the  cui*rent  which 
results  has  to  travel  over  2  11  conductors. 

In   a    three-phase    machine    with   a    5/6    pitch,  s=^/; 
and  the  expression  simplifies  to 


\n)  192  -^ 


2) 


APPENDIX.  I. 

CoiiPLETE    Synthetic    Treatment    of    Eddv-current 
Problems. 

The  synthetic  treatment  has  been  applied  in  the  body 
of  the  paper  so  far  as  to  deal  with  the  most  practical 
cases  which  will  arise.  In  the  present  appendix  the  use  of 
this  method  in  the  derivation  of  the  complete  factors  is 
briefly  dealt  with. 

From  the  physical  discussion  of  the  cddy-currcnt 
problem  as  applied  to  slot  conductors  on  page  2S0  it  will 
be  seen  that  the  derivation  of  any  order  of  eddy  current 
from  the  previous  order  is  carried  out  by  the  operations 
indicated  by  the  mathematical  symbols 
I  (f  4  7r  a 

s  X  10*  '  dt 

where  f(h,  I)  represents  the  nature  of  the  previous  order. 

The  operation  consists  essentialh'  of  a  double  integration 
of  space  and  a  single  differentiation  in  time.  Inasmuch  as 
the  current  variation  is  assumed  to  lie  sinusoidal  and  may 
therefore  be  exhibited  in  mathematical  script  by  c'''',  where 
/>  =  2  tt/,  the  differentiation  in  the  above  operation  will 
result  merely  in  multiplying  the  function  operated  upon 
by.//'. 

Taking  now  the  case  of  the  first  conductor  in  which,  as 
a  result  from  the  applied  electromotive  force  the  lowest 
order  of  current  is  a  uniform  distribution,  and  taking  this 
uniform  distribution  as  unity  it  will  be  readily  seen  that 
the  complete  expression  for  the  current  may  be  written 
down,  apart  from  boundary  conditions,  as  follows  : — 


Ij/C'.O 


ill  .  d  h 


I  +  — — r-  +  ^ — i —  +  "-T^-i —  where  ;;;= 
"  '  4  ! 


1  I 


8! 


Remembering  that  cosh  .v  =  i+    -. •V'-l-     ,.v*+     .     .   ., 

2  1  4  ! 

it  will   be  observed    that  the    above    scries,  in    order   to 
facilitate  further  manipulation,  may  be  written  as 

cosh  VI  h^{2i)  =  cosh  m  (i  +  /)  /; 

Now  the  boundary  conditions  in  the  problem  are  that 
the  average  value  of  this  current  must  be  unity. 

This  can  be  arranged  by  introducing  a  coefficient  wliich 
will  consist  of  an  infinite  series  of  ascending  powers  of  the 
constant  H,  the  height  of  the  conductor.  Thus,  if  k  be 
the  coefficient,  then 

|-H 

j-r    k  cosh  m  (i  +  /)  /(  =  I 
H7«(i  +;■) 


The  complete  expression  for  the  eddy-current  distribu- 
tion in  a  bottom  conductor  is  therefore 


H  m(i  +  /)  cosh  Hi(i  -\- j)  h 
sinh  HI  (i  +  j)  H 


•     (33) 


We  will  take  next  the  case  of  a  conductor  carrying  no 
current  of  its  own,  but  subjected  to  the  external  influence 
of  another  conductor  of  the  same  depth  H  and  carrying 
alternating  current  of  unit  current  density.  This  is 
analogous  to  the  problem  of  the  eddy  current  in  an  iron 
plate  subjected  to  external  magnetization. 

In  this  case  it  is  the  evenly  distributed  magnetomotive 
force  which  is  the  originating  cause  of  the  phenomenon, 
and  again  treating  it  synthetically  we  may  say  that  this 
magnetomotive  force  sets  up  a  series  of  magnetomotive 
forces  of  first,  second,  etc.,  orders,  in  the  same  manner  as 
in  the  previous  case  the  evenly  distributed  current  set  up  a 
series  of  eddy  currents.  In  other  words,  we  m.ay  look  upon 
the  four  relations  on  page  280  as  giving  rise  to  a  cycle  of 
mathematical  operations  which  may  be  continued  in- 
definitely. We  may  enter  the  cycle  at  any  point  and 
derive  a  series  for  the  actual  physical  quantily  dealt  with 
at  the  point  of  entiy. 

In   the   present  case    the    variation   of   magnetomotive 

force  across  the  conductor    will   therefore   be   given  by 

"(4  7r/io)   Hw  cosh  IK /i  (I  -f  ;).     The   boundary  conditions 

in  this  case  are  that  when  //  =  o  and  also  when  //  =  H,  the 

magnetomotive  force  =  (4  vjio)  H  ic. 

We  may  satisfy  the  double  condition  by  taking  the 
centre  of  the  conductor  as  the  origin  of  ordinates  :  then 
when  h  =  ±\  H  the  magnetomotive  force  :=  (4  t/io)  tc  H. 

Using  A  as  a  series  of  constant  terms  in  ascending 
powers  of  \  H,  then  obviously  *  ^  cosh  {\m  H)  (i  -f^), 
so  that  the  complete  function  of  magnetomotive  force  is 
given  by 

4  TT  H  TO  _       cosh  in  h  (i  -\-  j) 
10  cosh  (J  m  H)  (I  -\-  i) 

whence  the  current  distribution 

{i+j)  III H  sin h  ;;; /( ( i  +i) 

cosh(^mH)  (I  +/)       ■     ■ 


(34) 


whence 


k  = 


sinh  III  (I  +  ;)  H 


CiK.APHIC.AL    KEPRESEXTATIOX    OK    EdI)Y    CURRENTS. 

The  use  of  complex  hyperbolic  functions  for  expressing 
eddy-current  distribution  leads  to  an  interesting  method  of 
representing  them  graphically. 

The  complex  hyperbolic  functions  cosh  (i  4-/)  .r  and 
sinh  {i+j}x  may  be  represented  in  exponentials  respec- 
tively by 

J  [,;.  (i+j)  4.  i— ;i(i  +  ;)] 
and  I  [f*  (H-j)  —  c'-''{i+j)j 

It  is  well  known  that  ^t'  (i  +  J)  may  be  represented  by 
a  logarithm  spiral  =•■  as  shown  in  Fig.  18,  with  an  initial 
value  of  unity  with  the  radius  vector  at  the  zero  angular 
pojilion,  and  similarly  Jf~''(i  +j)  maybe  represented  by 
the  continuation  of  the  spiral  in  negative  angular  position 
and  with  radius  vector  continually  diminishing  below 
unity. 

The  value  of  cosh  /;  (i  +  j]  may  then  be  obtained  by 
taking  the  vector  sum  of  the  two  radii  vectors  for  angular 

*  A.  E.  Kkxnelly  :  "  Applicition  of  Hyreibolic  Functions."  2nd  cdn. 
p.  71  ;  and  C.  v.  DRVSDALK,  KUclriciall,  1907-8.  vol.  60,  p.  32J. 
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values  + /(  and  —  /;,  and  similarly  sinh  /;  (i+./)  is    the 
vector  difference  between  the  same  radii  vectors. 

The  complex  hyperbolic  functions  in  Fig.  i8  have  been 
constructed  in  this  way.     In  order  to  use  these  diagrams 
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Fig.  i8. 

to  represent  tlie   current  in,  say,  a  second  conductor  we 
proceed  as  follows  : — 

(i)  Divide  the  radii  of  the  cosh  /;  (i  +./)   curve  within 

.     the  range  of  values  corresponding  to  the  depth  of 

the   conductor  by  the   radius  of   sinh    H   (i  +j). 

Then  retard  their  phase  by  the  geometrical  angular 

value  of  sinh  H  (i  +j). 

(2)  Divide  the  radii  of  the   sinh  //  (i  +  J)  curve  over  half 

the  depth  of  the  conductor  by  the  radius  of  cosh 
JH  (I  +  j)  and  retard  them  by  the  angular  value 
of  cosh  ^  H  (I  +  /). 

(3)  Corresponding  radii  of  the  curves  found  in  (i)and 

(2)  are  then  combined  to  give  the  complete  eddy- 
current  curve  for  the  conductor  in  question. 


To  obtain  absolute  magnitude  and  direction  the  radii 
vectors  must  further  be   multiplied  by   Hni(i  + /). 

An  example  is  given  in  Fig.  19  in  which  the  depth  of 
the  conductor  is  such  as  to  give  2  as  the  value  of  H. 
This  corresponds  to  acopper  conductor  at  100°  C.  occupy- 
ing the  full  width  of  the  slot  of  a  depth  of  appro.ximately 
0-84  inch,  the  frequency  being  50. 

If  the  resultant  curve  is  then  placed  in  successive 
angular  positions,  and  if  from  each  position  each  radius  is 
projected  on  to  ordinates  corresponding  to  its  position  in 
the  depth  of  the  conductor,  we  may  obtain  a  representation 
of  the  variation  of  the  current  in  the  various  lamin;e 
throughout  the  cycle. 

Such  a  set  of  cinematograph  diagrams  has  been 
supplied  in  Fig.  20  to  represent  current  distribution  in  a 
copper  conductor  approximately  2  cm.  deep  at  frequency 
50  at  18  successive  stages  during  half  of  a  complete 
period.  The  conductor  is  approximately  the  same  as  that 
for  which  Fig.  19  is  drawn. 

The  height  of  the  conductor  is  represented  horizontally 
and  the  current  distribution  vertically. 

The  top  series  of  diagrams  represents  the  current  dis- 
tribution in  a  bottom  conductor,  the  second  series  of  in- 
duced diagrams  represents  current  induced  in  the  second 
conductor  by  the  current  in  the  first,  and  the  bottom 
series  of  diagrams  represents  a  combination  of  the  previous 
two  series,  that  is,  it  represents  the  current  distribution  in 
the  second  conductor  when  carrying  current. 

The  mean  value  of  the  current,  that  is,  the  fundamental 
current,  is  also  indicated  at  each  stage.  The  bottom  of 
the  slot  is  on  the  left-hand  side  of  each  diagram. 

I.MPED.iXCE    OF   ALTEUXATIXG-CURRENT    CoXDUCTORS 

IN  Slots. 

The  eddy-current  distributions  expressed  as  above 
enable  us  quickly  to  derive  an  expression  for  the  im- 
pedance factors  of  the  conductors,  i.e.  for  the  impedance 
in  terms  of  the  resistance  to  direct  current. 

I-'rom  formula  (33)  we  observe  that  the  current  in  the 
topmost  lamina;  of  the  bottom   conductor  is  given  b}' 


H  m  (I  +  /)  cosh  m  (1  +  j)  H 
sinh  in  [1  +  I)  H 

=  H  m  (i  -trj)  coth  (i  -|-./)  H 


(35  > 


As  this  current  is  inductionless  with  regard  to  the  rest 
of  the  conductor,  this  expression  also  represents  the  ratio 
of  voltage  necessary  to  send  the  current  from  the  con- 
ductor as  compared  with  the  voltage  necessary  to  send 
the  same  current  through  a  conductor  which  has  only 
resistance.  It  is  therefore  the  impedance  factor  of  the 
conductor. 

Reducing  formula  (33)  to  a  single  complex  expression, 
we  have  by  simple  trigonometry 


,h[^ 


2 m H -f  sin 2 ihH )-!-/( sinh  2mH— sinam 
cosh  2HI H  —  cos  2111I1 


■^1 


(•36) 


The  real  portion  of  this  expression  is  the  resistance 
factor  or  the  loss  factor  of  Field  ;  the  imaginary  portion  is 
the  reactance  factor. 

Turning  now  to  the  case  of  a  dead  conductor,  placed 
above  the  bottom  conductor  and  externally  magnetized  by 
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it,    the   current    in    tlie    topmost    lamina    is    from    (84) 
given  by 

mH(i +./)tanlii)»H(H-./)     .     ■     .     (37) 

The  current  also  flows  in  the  opposite  direction  along 
the  bottom  of  the  conductor,   and   is  a  measure  of    the 


In  the  form  of  a  single  complex  expression  this  additional 
impedance  factor  is  found  to  be 

,,r(sinIimH  —  sin  ;;;H  )  + /(sinh  jiiH  +  sin /«H  I"!      ,  .-,^ 

2;»H    ' -. u^~ Q (38) 

L  cosh  m  H  +  cos  mH  J      -'  ' 

The  real  portion  of  this  expression  again  corresponds  to 
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Fig.  19. — Graphical  vectorial  representation  of  eddy  currents  in  first  and  second  conductors  (copper  at  100°  C).      Height  of 
conductor  =  0'84  in.,  occupying  the  whole  width  of  the  slot. 


(rt)  Current  in  fii-st  conductor. 

Kb)  Current  in  second  conductor  due  to  first  conductor. 

(c)   Combined  currents  in  second  conductor. 


Various  equidistant  positions  in  conductors  from  the  bottom  are  marked  upon  the  curves. 


'■\Wm\WM 


'I   '  II      II      'I 


1 


Fig.  20. 


voltage  generated  between  the  outermost  laminae  of  the 
conductor  by  the  flux  across  the  conductor.  This  flux 
also  links  the  bottom  conductor  as  a  whole,  and  expression 
(5)  multiplied  by  2  therefore  corresponds  to  an  additional 
impedance  factor  to  the  bottom  conductor,  although  the 
loss  corresponding  to  the  real  portion  of  it  occurs  in  the 
upper  conductor. 


Field's  term  for  loss  factor  in  an  externally  magnetized 
conductor. 

Considering  now  the  case  where  the  second  conductor 
is  also  carrying  the  main  current,  the  current  in  the 
topmost  laminre  is 

H  h;  (i  +./■)  [coth  HI  H  (I  +./■)  +  tanh      i;i  H  (i  +./')] 
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and  the  voltage  for  the  main  current  in  this  conductor 
may  be  expressed  as  an  impedance  factor  in  this  form. 
The  voltage  necessary  to  drive  the  current  through  the 
second  conductor  is,  however,  not  in  phase  with  the 
voltage  necessary  to   drive  the  current  through  the  first 
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Fig.  21. — Graphs  of  : — 

(a)  (I  +  j)  Unh  m  H  (I  +  /j. 
(*)   (I  +  ji  coth  mH  u  +]). 

Values  of  in  H  are  indicated  on  the  curves. 

conductor,  by  reason  of  the  flux  which  passes  across  the 
second  conductor  and  links  the  first  conductor  as  a  whole. 
This  voltage  arises  firstly  from  the  flux  created  by  the 
external  magnetization  of  the  first  conductor,  which  we 
have  just  seen  corresponds  to  an  impedance  factor  of 
J  m  H  (i  +  /■)  tanh  J  m  H  (i  +j),  and   secondly  from  the 
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(a>  m  H  II  -r  ii  tanh  m  H  (i  +y). 
(6)  m  H  (I  +  };  cctb  m  H  (i  +j). 

Values  of  m  H  are  indicated  on  the  curves. 

flux  created  by  the  second  conductor's  own  current.  The 
measure  of  this  is  the  difference  in  the  voltage  required 
to  pass  this  current  through  the  topmost  and  the  bottom- 
most laminas  of  the  bottom  conductor  which  is,  in  the 
form  of  an  impedance  factor, 

HOT(i+^-)[coshm(i-(-^-)H--i]     •„    ,        ,       , 

4t,„,^t^^-^I^ i=H,„(i+y)tanhm(i+y)lH 

Vol.  58. 


The  voltage,  both  in  phase  and  in  magnitude  with 
reference  to  that  for  an  inductionless  bottom  conductor, 
to  send  current  through  the  second  conductor  is  therefore 

H  '"(I  -|-»  [coth  m  H  (I  +»  +  4  tanh  \  m  H  (i  +  /)] 

The  real  portions  of  this  expression  indicate  the  heat  loss 
in  the  second  conductor. 

More  generally  in  the  case  of  the  /th  conductor,  it  may 
be  shown  by  similar  argument  that  the  factor  for  the 
hyperbolic  tangent  term  is  2  {p'  —  p), 

A  graphical  representation  of  complex  hyperbolic 
tangent  and  cotangent  may  be  readily  developed  from 
the  complex  hyperbolic  cosines  and  sines  in  the  previous 
p.iges. 

Fig.  21  shows  these  functions  multiplied  by  (i  +  j),  and 
Fig.  22  shows  a  complete  graphical  development  of  the 
terms  in  the  impedance  factor  expressions.  The  first 
figure  indicates  at  a  constant  frequency  the  variation  of 
impedance  with  a  varying  depth  of  conductor— the  im- 
pedance tends  to  a  constant  value  whatever  the  depth— 
and  the  second  curve  indicates  the  variation  of  impedance 
for  a  given  depth  of  conductor  with  varying  frequency. 

An  interesting  feature  brought  out  by  these  curves  is 
that  with  deep  conductors  the  resistance  and  reactance 
attain  the  same  value. 

For  practical  use  the  real  and  imaginary  portions  of 
expressions  (35)  and  (37)  are  best  plotted  out  separately  in 
ordinary  Cartesian  co-ordinates,  with  m  H  .as  the  inde- 
pendent variable. 


APPENDIX    II. 

Losses  in  Conductors  of  «ich  Irrecilar  Shapes  as 
ARE  NOT  Amenable  to  Mathematical  Representa- 
tion. 

The  similarity  between  eddy  current  and  transmission- 
line  problems  has  already  been  discussed  by  Hay  -  and 
by  Howe.f 

The  student  will  not  have  failed  to  have  further  noted 
this  similarity  in  perusing  the  previous  appendix.  It  is 
our  present  purpose  to  show  liow  the  approximate  calcula- 
tion of  irregularly  shaped  conductors  may  be  expeditiously 
carried  out  by  developing  and  calculating  step  by  step  an 
equivalent  transmission  line  from  a  knowledge  of  the 
mechanical  shape  and  dimensions  of  the  conductor. 

The  distinctive  feature  of  such  an  hypothetical  trans- 
mission line  is  that  the  line  itself  contains  only  reactance 
and  the  leakage  from  it  consists  of  pure  resistance.  In  the 
usual  case  of  a  rectangular  conductor  the  di^tribu(ion  of 
this  inductance  and  leakage  resistance  is  uniform,  but  in 
the  special  case  now  being  considered  the  distribution  varies 
in  a  manner  depending  upon  the  shape  of  the  conductor. 

The  method  can  be  best  explained  by  an  example.  In 
Fig.  23  is  shown  the  section  of  a  wedge  such  as  is  used  to 
retain  the  rotor  windings  in  the  slot  of  a  turbo-alternator. 
In  a  machine  designed  for  single-phase  working  the  wedoe 
serves  the  further  purpose  of  carrying  currents  of  double 
frequency  to  compensate  for  the  armature  reaction,  and  in 
this  connection  it  is  necessary  to  know  the  equivalent 
resistance  of  the  wedge  at  this  frequency. 


*  J^nntinl  I.E.E.,  1911,  vol.  46.  p.  487. 
f  Ibiii.,  1916,  vol.  54.  p  473. 
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The  first  step  is  to  divide  the  conductor  into  a  suitable 
number  of  strips,  sa}'  lo,  and  then  to  tabulate  the  resistance 
of  each  strip  and  the  reactance  to  which  the  flux  across  each 
strip  gives  rise.     The  strips  need  not  all  be  of  the  same 


at  the  bottom  of  the  conductors  has  been  taken  as  unity 
and  the  other  figures  have  been  varied  in  proportion. 

Assuming  unit  voltage  at  the  far  end  of  the  line  cor- 
responding to  the  bottom  of  the  conductor,  the  currents 
and  voltages  at  the  different  points  along  the  line  can  be 


height,  but  for  the  present  example  it  is  most  convenient 
to  arrange  them  so. 

The   resistance  of   the   strip  is  given   by   -^,  and  the 

reactance  by  2  7r_/"(4  jt/io") /;/«'.  where  u' =  width  of  the 
strip  and  /;  =  its  height. 

The  following  tabulation  applies  to  the  present  example 
when  the  frequency  is  100  cycles  per  second. 

The  next  step  is  to  draw  a  transmission-line   diagram 


No.  of 

A  (cm.) 

Resistance 

Reactance 

strip 

ohms  X  jo« 

ohms  X  10^ 

I 

0-222 

3-05 

3-39 

o'57.=; 

^ 

0'222 

305 

339 

0-575 

3 

0-222 

3'05 

3-39 

0575 

4 

0-222 

287 

3-60 

06  [I 

5 

0-222 

2-59 

3  99 

0675 

6 

0222 

2-36 

4-38 

0-742 

7 

0222 

2-28 

4'.x3 

0-766 

8 

0222 

2-28 

4-53 

0-766 

9 

0222 

2-28 

4'53 

0-766 

10 

0-222 

2-28 

T53 

0766 

built  up  step  by  step,  with  the  result  that  the  wedge  as 
used  for  carrying  loo-cycle  current  has  3-3  times  the 
resistance  it  would  offer  to  direct  current. 


Total  nirrent 

in  section  of 

line 


-I-550+J2-895 


o-47O+j^-40.i  0-204 +J 1-832 


0-S69+JI-295 


o-n6+jo-855 


0•223■^JO■52I 


0-642+JO-272 


0-505+JO-U5 


0J4+J  0-023 


0-17+JO 


Current  in  leak 


•I-08-fJ0-492 


0■674■^Jo■571  -0-365-yo-537 


■0  H7■^J0-44<l 


O-O02+JO-334 


oo8i+jo-:4-t 


r-37■^jo•I6^  o-165-fjo-086   0-17-tjo-02 


o-I7■^JO 


Reactance  of        ,  1 

line  element       J 1-332         j  1-332 
(ohms)  ' 

Resistance  of 
leak  (ohms) 


.U-332 


Ji-332 


J 1-292        JI-I75 


J 1-064 


JI-o 


JI-0         JI-O 


1 7-88         I  788         I  7-88         I  7-88         |  7-63         <6  95         <  6-26        1 55  1 5-9  |5-9 


Voltage  drop  in 
Section  of  line 


Total  voltage  at 
head  of  leak 


^3-20tjo•626^2•440+jo•222-I-225■^jo■75a-I•I05■^^jo•925^o■6I^•♦^jo■85H)■295■^jo-683^■0■II5■^jo■505U 


o-fjo-13 


-52l-^i3-877h5-3Zl+H-S03|-2-88l-y4-23l 


■I-I56•^J3•473[o■0Sl-^jZ•5'l8  O-56I+JI-698  0-a56-yo-«I5  O^Tl-yo-Sld  I-o-i-jo-ir    l-o-fjo 


Resistance  of  Une 
to  head  of  leak 


Corresponding 
resistance  for 
direct  current 

Total  loss  factor 


2-267 

0-69 
3-29 


2-22 

2-105 

1-92 

1-72 

1-62 

1-70 

2-04 

2-95 

0-755 

0-835 

0-933 

1-06 

1-23 

1-5 

1-97 

2-35 

2-94 

2-52 

2-06 

1-62 

1-316 

1-133 

1035 

I-O 

5-9 


5-9 


10 


Fig.  24. 


as  in  Fig.  24  from  the  resistances  and  reactances  just 
tabulated.  It  sometimes  facilitates  the  subsequent  arith- 
metic if  the  resistance  or  reactance  at  one  end  of  the  table 
is  m.ide  equal  to  unity.     In  tlie  figure  the  reactance  figure 


The  full  calculation  has  been  given  in  Fig.  24. 

In  conclusion  the  author  wishes  to  thank  the  British 
Thomson-Houston  Co.  for  permission  to  use  examples  from 
their  turbo-alternator  practice  to  illustrate  his  paper. 


Discussion  before  the  South  Midland  Centre,  at  Birmingham,   7  January,  1920. 


Mr.  F.  H.  Clough  :  With  increase  in  the  sizes  of 
electrical  machiner)',  especially  turbo-alternators,  the 
size  of  slot  has  grown  very  much,  and  it  has  become 
necessary  to  understand  fully  the  causes  which  produce 


additional  losses  in  the  copper  conductors,  so  that 
suitable  means  may  be  adopted  to  avoid  these  losses. 
The  author  has  attacked  the  problem  from  a  physical 
aspect,   and   has  used   mathematics  only  as  a  means  of 
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solving   the  physical   problems.      In   doing  this  he   has 
been    able   to   simplify    the    mathematical    part   of   the 
problem  and  produce  a  method  whereby  practically  all 
tvpes    of    windings    can    be    calculated    comparatively   ' 
simply.      The  paper  marks  a  distinct  progress   in    the   1 
design  of  electrical  machinery. 

Dr.  M.  Kahn  :  By  considering  only  the  eddy  currents 
of  the  first  order  the  author  has  explained  the  whole 
matter  in  a  comparativelv  simple  manner.  To  neglect 
the  eddy  currents  of  higher  order  is  certainly  justified, 
as  an  approximate  knowledge  of  the  increase  in  the 
copper  losses  is  all  that  is  required.  In  considering  the 
losses  in  conductors  built  up  of  a  number  of  laminations 
connected  solidly  together  at  the  ends,  the  author 
states  that  the  extra  loss  factor  in  the  case  of  an 
infinitely  laminated  conductor  is  reduced  by  the  square 
of  the  ratio  of  the  core  length  to  the  total  length  of  the 
conductor.  This  seems  to  be  scarcely  correct,  since  it 
ignores  the  fact  that  the  losses  in  the  part  of  the 
conductor  outside  the  slot  are  increased  owing  to 
the  laminations.  In  the  case  of  a  solid  conductor  the 
alternating  current  in  the  end  winding  is  practically 
uniformly  distributed  over  the  whole  conductor  and 
the  copper  loss  therefore  equals  the  loss  which  would 
take  place  with  an  equivalent  direct  current.  If  the 
conductor  is  laminated  and  the  laminations  are  so 
insulated  that  no  current  can  pass  from  one  to  another, 
the  losses  per  unit  of  length  in  the  external  part  of  the 
conductor  and  in  the  part  of  it  within  the  slot  must 
be  equal.  Although  the  loss  in  the  embedded  portion 
is  reduced  in  the  ratio  of  b-  by  laminating  the  conductor, 
the  total  loss  is  only  reduced  in  the  ratio  of  6,  compared 
with  a  solid  conductor  If  u  is  the  loss  per  unit  length 
corresponding  to  direct  current,  /  the  length  of  the  core, 
and   L  half  the   length   of  one   turn,  then 

(i+K)  In  -f  (L-O  i(  =  (L+KO!< 

is  the  loss  in  a  half  turn  of  a  solid  conductor,   and 

(i  +  K/7L=)L!<  =  (L+K///L)  «  =  (L  +  feK/)  a 

is  the  loss  in  a  half  turn  of  the  laminated  conductor. 
It  would  be  of  interest  if  the  author  would  explain 
whether  it  is  necessary  to  insulate  the  sections  of 
laminated  or  stranded  conductors.  In  the  case  of 
stranded  conductors,  where  the  strands  are  arranged 
in  spirals  the  voltage  between  the  various  strands  is 
very  small,  as  each  strand  changes  its  position  con- 
tinuously and  completes  a  full  cycle  of  transposition  in 
each  pitch  of  the  spiral.  The  resulting  voltage  between 
strands  is  smaller  than  the  voltage  drop  necessarv  in 
order  that  current  may  flow  through  the  surface 
contacts  between  the  various  strands.  In  the  case  of  a 
laminated  conductor  where  the  laminations  are  joined 
at  the  end  of  each  half  turn,  the  voltage  between  the 
laminations  is  higher.  Even  so  the  surface  drop  may 
still  reduce  the  currents  flowing  between  laminations  in 
the  end  winding  to  negligible  amounts  if  the  number 
of  laminations  is  large.  If  the  number  of  laminations 
is  small,  or  if  the  ends  of  the  laminations  are  not  joined 
up  each  half  turn,  insulation  is  of  course  essential. 
Fig.  7  gives  most  useful  information  regarding  the 
number  of  laminations  necessary  to  reduce  the  loss, 
and  it  appears  that  for  an  average  case  a  sub-division 


of  the  conductors  in  three  layers  is  sufficient  ;  the 
layers  would  of  course  have  to  be  insulated.  A  further 
sub-division  does  not  affect  the  losses  materially.  In 
Appendix  II  the  problem  of  the  current  distribution 
in  bars  of  the  damping  winding  of  single-phase  turbo- 
altemators  is  investigated.  This  case  differs  from  the 
general  case  in  so  far  as  the  bars  in  question  are  located 
in  the  top  of  the  slot  in  which  another  winding  is  placed. 
This  winding,  the  field  winding,  can  be  considered  as 
short-circuited,  and  the  flux  variations  interlocked  with 
it  are  damped  out  by  the  currents  which  they  induce 
in  this  short-circuited  winding.  It  is  doubtful  whether 
the  method  of  calculation  used  in  the  paper  can  be 
applied  to  the  case  in  point  without  taking  the  influence 
of  the  field  winding  into  account.  If  this  influence  is 
excluded,  the  flux  taken  into  consideration  must  not 
be  interlocked  with  the  field  winding,  but  must  recross 
the  top  of  the  slot  above  this  winding.  The  reluctance 
of  the  path  of  this  flux  is  therefore  proportionate  to 
double  the  slot  width  2  w,  while  in  the  author's 
calculations  only  w  is  introduced. 

Mr.  W.  M.  Cranston  :  The  author  brings  forward 
one  or  two  methods  of  crossing  over  laminations  in 
conductors  and  thereby  eliminating  to  a  large  extent 
the  eddy-current  loss.  That  this  is  of  great  importance 
may  readily  be  appreciated  when  one  considers  that 
the  only  alternative  at  present  available  is  the  adoption 
of  a  completely  stranded  conductor.  The  stranded 
conductor  to  reach  its  maximum  efficiency  should  have 
its  strands  completely  insulated  throughout  the  whole 
of  its  embedded  length,  and  should  have  such  a  pitch 
that  a  multiple  of  the  pitch  will  exactly  coincide  with 
the  length  of  the  iron  core.  In  normal  practice  neither 
of  these  features  is  completely  obtained.  But  the 
resultant  loss  is  usually  so  small  that  it  will  be  found 
to  be  less  than  the  eddy-current  loss  in  the  individual 
laminations  of  the  interconnected  conductor.  The 
stranded  conductor,  however,  costs  about  50  per  cent 
more  than  a  solid  bar  of  the  same  dimensions.  In  large 
machines  this  economy  will  go  a  long  way  towards 
paying  for  the  e.xtra  connections  and,  in  spite  of  the 
increased  risk  of  breakdown  due  to  the  multiplication 
of  connections,  may  induce  manufacturers  to  adopt  the 
system  shown.  In  smaller  machines  we  are  content  to 
suffer  the  inconvenience  of  eddy  currents.  Designers 
are,  however,  apt  to  attach  too  great  importance  to 
the  depth  of  copper  for  minimum  loss.  The  section  of 
the  paper  relating  to  the  depth  of  copper  required  for 
minimum  intensity  of  heat  dissipation  contains  valuable 
[  figures.  These  show  that  the  depth  of  copper  may 
under  certain  conditions  be  increased  by  about  30  per 
cent  with  advantage  to  the  machine.  Of  course  the 
losses  in  the  slots  are  increased  ;  but  the  gain  on  the 
overhang  may  more  than  compensate  for  that  and  we 
may  get  a  more  efficient  and  cooler  machine.  In  certain 
cases  even  this  depth  may  be  exceeded  with  impunity. 

Mr.  N.  Shuttle-worth  :  This  paper  treats  of  a  verj- 
specialized  subject,  but  it  will  certainlv  receive  the 
commendation  of  all  those  engineers  for  whom  it  has 
interest.  The  analysis  of  eddy-current  problems  has 
been  attempted  in  a  very  novel  and  clear  way,  and  the 
application  of  the  results  so  obtained  has  had  and  will 
continue  to  have  considerable  influence  on  the  develop- 
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ment  of  large  machines.  What  has  remained  for  some 
time  in  tlie  past  a  matter  for  designing  instinct,  has 
now  been  reduced  to  determination  by  simple  algebra. 
To  know  in  the  first  place  exactly  what  the  copper 
losses  in  a  machine  are  going  to  be,  enables  the  designer 
to  increase  the  current  volume  carried  per  unit  length 
of  the  periphery  of  the  air  gap  to  the  highest  possible 
value,  which  means  a  considerable  increase  in  the  safe 
rating  of  the  machine.  It  is  conceivable  that  the 
eddy-current  losses  may  be  so  nruch  reduced  by  suitable 
design  that  the  current  volume  which  can  be  carried 
by  the  stator  is  no  longer  a  limiting  feature ;  the 
relation  wliich  exists  between  the  current  volumes  on 
staters  and  rotors  is  well  known  and  it  is  of  interest  to 
note  the  trend  of  development  in  the  past  few  years 
in  this  respect.  It  will  be  found  that  the  copper  section 
on  a  modern  rotor  for  an  alternator  is  double  that  on 
a  rotor  of  the  same  diameter  built  lo  years  ago  ;  this 
can  be  explained  in  several  ways  :  (i)  There  was 
undoubtedly  an  initial  conservatism  in  design  ;  (2) 
considerable  improvement  in  ventilating  arrangements 
has  been  possible  ;  (3)  the  stator  has  been  able  to  carry 
more  and  more  current  volume  as  means  for  reducing  the 
eddy-current  losses  has  been  found.  It  is  evident,  how- 
ever, that  this  process  cannot  continue  indefinitely ;  to 
increase  the  copper  section  on  a  rotor  reduces  the 
available  magnetic  section,  so  there  must  be  certain 
proportions  for  which  the  output  is  a  maximum.  I 
examined  this  some  time  ago  and  arrived  at  the  follow- 
ing conclusions  :  in  order  to  obtain  maximum  output 
from  a  rotor,  the  .slot  depth  should  be  one-eighth  of 
the  rotor  diameter,  and  the  width  of  the  tooth  at  the 
root  should  be  one-half  of  the  active  copper  width  in 
the  slot.  Of  course,  small  deviations  from  these  pro- 
portions in  a  rotor  will  not  appreciably  affect  the  output. 
Now  the  diagrams  which  the  author  has  shown 
approximate  very  closely  to  these  results,  hence  we 
may  conclude  that  present-day  rotois  have  reached 
proportions  which  cannot  be  materially  improved. 
Perhaps  one  might  be  inclined  to  assume  that  eddy 
currents  are  not  of  great  importance  if  the  rotor  is 
the  limiting  feature  in  a  design  and  there  is  no  need  to 
worry  unduly  about  them,  but  the  author  might  assure 
us  that  it  is  only  by  reducing  eddy-current  losses  that 
the  limit  has  been  forced  from  the  stator  to  the  rotor. 
In  any  case,  it  would  be  of  interest  if  the  author  would 
indicate  what  other  means  there  are  at  our  disposal 
for  still  further  increasing  the  output  of  a  machine  of 
given  size  other  than  by  improving  the  ventilating 
arrangements. 

Mr.  H.  W.  Taylor  {in  reply)  :  With  reference  to 
Dr.  Kahn's  first  point,  I  should  explain  that  throughout 
the  paper  all  comparisons  of  loss  factors  have  reference 
to  the  slot  portion  of  the  conductors,  as  in  most  cases 
it  is  the  intensity  of  the  losses  in  these  positions  and 
not  the  total  losses  in  the  machine  which  are  important. 
On  this  basis  the  statement  in  the  paper  is  correct,  but 
it  is  of  course  recognized  that  reduction  in  the  eddy- 


current  losses  in  the  slot  portion  by  lamination  is  accom- 
panied by  an  increase  in  the  loss  in  the  hitherto  "  eddy- 
currentless  "  end  portions.  When  the  laminations  are 
of  finite  thickness  the  extra  loss  factor  for  the  end 
portions  is  that  part  (K,,)  of  the  combined  loss  factors 
which  is  due  to  circulating  eddy  currents.  In  reply  to 
Dr.  Kahn's  second  point,  it  is  necessary  to  insulate 
the  laminations  from  one  another,  although  this  insula- 
tion need  only  amount  to  a  mechanical  separation. 
With  regard  to  Fig.  7,  it  must  be  understood  that  this 
has  only  been  drawn  for  a  particular  case.  Similar 
diagrams  drawn  for  deeper  conductors  will  show  that 
finer  lamination  is  required  if  the  losses  are  to  be 
reduced  in  the  same  proportion. 

I  am  afraid  I  cannot  accept  Dr.  Kahn's  criticism  of 
the  application  of  the  graphical  method  to  the  calcula- 
tion of  the  loss  factor  in  the  squirrel-cage  bar.  I  regard 
the  squirrel-cage  bars  and  the  exciting  winding  below 
them  as  associated  together  like  the  multiple  strips  of 
a  laminated  conductor,  but  with  the  distinction  that 
the  lower  strips  in  this  case  have  greater  resistance  than 
the  top  one.  Therefore  the  imaginary  local  flux  path 
after  traversing  the  bar  will  pass  down  one  side  of  the 
slot  to  the  bottom,  and  up  the  other  side.  Objection 
might,  however,  be  taken  to  calculating  an  irregular 
conductor  in  the  way  suggested,  as  flux  enters  such  a 
conductor  normally  at  all  surfaces,  but  in  the  present 
case  I  do  not  think  any  large  error  will  occur  through 
assuming  that  the  flux  passes  everywhere  straight 
across  the  conductor  from  one  side  of  the  slot  to  the 
other. 

Mr.  Shuttleworth  discusses  a  number  of  points  in 
design  associated  with  eddy  currents.*  It  certainly 
appeared  a  few  years  ago  that  the  limit  in  design  would 
be  in  the  stator,  due  to  eddy  currents  generated  in  the 
windings.  The  difiiculties  associated  with  these  have 
now  been  overcome,  and  we  must  look  for  further  progress 
in  improved  methods  of  cooling  and  in  the  more  scientific 
use  of  heat-resisting  insulating  materials. 

In  conclusion  I  add  two  supplementary  formulae  to 
(31)  and  (32)  in  the  paper.  These  last  relate  to  the 
losses  which  arise  with  fractional  pitch  windings,  when 
the  cycle  of  transference  is  completed  over  one  pole. 
In  many  cases  a  cycle  of  transference  occupies  several 
poles,  and  the  upper  conductors  subjected  to  the  influ- 
ence of  another  phase  are  then  distributed  in  a  number 
of  small  ranges  throughout  the  cycle.  In  such  a  case 
fomiulse  (31)  and   (32)  give  place  to  : — 

j,p,f-)^sin^(^/2)  .  b'c--s(i!-s)i„  s-s'  +  2  P^).      (39) 


and 


rfyi2c^w={»j=-f8P^) 
>i)  192  P= 


(40) 


if  P  in  this  case  is  the  number  of  poles  over  which  the 
cycle  of  transference  is  distributed. 

•  The  diajrrara  referred  to  by  him  was  shown  at  the  meeting  when  this 
paper  was  read  and  is  included  in  my  contribution  to  the  discussion  of  Mr. 
Shepherd's  paper  (see  page  148). 
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Scottish  Centre,  at  Glasgow,  id  February,  1920. 


Mr.  R.  B.  Mitchell  :  This  paper  contains  much  very 
useful  information  which  is  being  eagerly  sought  after 
in  this  district.  It  seems  to  me  that  the  introduction 
of  reactance  is  most  important  and  essential  in  the  case 
of  transformers  for  furnace  work.  When  we  think  of 
the  great  forces  let  loose  if  a  short-circuit  should  take 
place — and  short-circuits  are  most  likely  in  the  furnace 
— the  necessity  of  reactance  is  at  once  seen.  In  com- 
paring frequencies  of  25  and  50  for  furnace  work  there 
is,  I  understand,  a  considerable  difference  in  the  cost 
of  the  transformer  in  favour  of  the  higher  frequency. 
High-tension  tappings  have  always  been  a  source  of 
weakness  and  I  dare  say  would  have  been  discarded  ere 
this  if  there  had  been  no  extra  cost  involved  in  the 
provision  of  regulating  apparatus.  I  am  certain  that 
in  spite  of  the  extra  cost  these  appliances  will  ultim- 
ately be  adopted.  I  accept  the  author's  statement 
that  units  of  8,000  k.v.a.  capacity  are  probable  in  the 
future,  and  I  trust  that,  in  Glasgow  at  all  events, 
furnaces  of  that  capacity  will  not  be  located  very  far 
from  the  power  station.  It  is  another  argument  in 
favour  of  transmission  cables  at  much  higher  pressures 
than  20,000  volts.  In  this  connection,  does  the  author 
think  it  advisable  to  concentrate  8,000  k.v.a.  in  one 
unit ;  and  what,  if  any,  are  the  disadvantages  in  not 
doing  so  ?  Scott  connections  are  referred  to  in  the 
paper.  In  the  Glasgow  area  there  is  a  Scott-connected 
transformer  for  furnace  work,  but  I  have  not  heard 
that  there  has  been  any  trouble  due  to  the  connections. 
The  author  explains  the  advantages  and  disadvantages 
of  the  core  type  and  the  shell  type  for  furnace  work. 
In  the  case  of  ordinary  pov.er  transformers  one  usually 
prefers  the  core  type  on  account  of  the  accessibility  of 
the  coils.  The  author  seems  to  work  out  a  case  for  the 
shell  type.  Has  he  any  data  as  to  the  actual  per- 
formances of  these  two  types  ?  The  extremely  practical 
advice  given  as  to  the  proper  lay-out  of  these  trans- 
formers is  of  great  value  and  wUl  be  highly  appreciated 
by  those  who  have  or  may  have  anything  to  do  with 
the   work  of  electric  furnaces. 

Mr.  L.  E.  'Wood  :  I  was  an  interested  spectator  at 
the  dismantling  of  one  of  two  furnace  transformers 
that  had  been  in  use  for  about  two  years.  One  of  these 
two  had  previously  broken  down  and  it  was  decided  to 
dismantle  the  other  for  the  purpose  of  ascertaining 
its  condition  and,  if  possible,  gathering  information 
as  to  the  cause  of  breakdown  of  the  first.  On  opening 
out  the  transformer  it  was  found  that  the  insulation 
of  the  inner  portion  of  the  winding  was  verv  brittle  and 
in  some  places  charred.  This  showed  that  the  middle 
portion  had  developed  a  high  temperature  rise,  which  is 
the  governing  feature  of  the  useful  life  of  a  furnace 
transformer.  It  was  also  noticed  that  a  large  amount 
of  sludging  had  been  taking  place.     It  is  suggested  that 

•  Paper  by  Mr.  J.  L.  ThompsOQ  (see  page  201). 


the  more  liberal  use  of  separators  providing  a  larger 
cooling  surface  would  materially  lengthen  the  life  of 
the  insulation.  The  use  of  an  "  Oil  conservator  "  is 
stated  to  eliminate  oil  decomposition  or  sludging, 
also  "  breathing,"  thus  conserving  the  insulating  value 
of  the  oil. 

Mr.  A.  P.  Robertson  :  The  author  has  not  dealt 
very  fully  with  transformers  for  resistance  furnaces, 
and  I  think  he  has  done  wisely,  as  there  is  enough  matter 
for  a  paper  in  the  study  of  transformers  for  arc  furnaces. 
The  conditions  are  much  more  severe  in  the  latter  due 
to  the  short-circuits  when  the  arc  is  struck.  One  of 
the  reasons  that  the  conditions  are  so  severe  at  this 
time  is  that  the  mechanism  for  moving  the  carbons 
is  too  slow.  In  any  furnace  which  I  have  seen  the  arc 
is  struck  by  hand  and,  although  it  may  be  only  a  second 
or  so  before  the  carbons  are  separated,  this  gives  time 
for  very  severe  stress  on  the  transformer.  If  the 
carbons  were  to  stick  together,  the  transformer  might 
be  seriously  damaged  unless  the  protection  on  the 
high-tension  oil-break  switch  is  very  positive.  The 
contacts  of  this  switch  require  a  good  deal  of  attention 
as  the  switch  operates  very  frequently  and  the  contacts 
should  be  of  heavy  butt  type.  The  arcing  tips  should 
be  extra  heavy  and  easily  renewable.  With  regard  to 
the  high-tension  selector  switches,  these  are  often  air- 
break  switches,  which  necessitates  the  use  of  copper 
rod  between  the  switches  and  the  transformer  terminals. 
It  is  not  a  safe  job,  and  I  believe  that  in  more  recent 
jobs  oil-immersed  selector  switches  are  used  and  solid 
conductors  run  between  these  and  the  transformer. 
All  this  tends  to  safety  and  continuity  of  supply.  The 
bracing  of  the  low-tension  leads  must  be  very  strong 
to  prevent  them  going  together.  During  the  time 
when  the  arc  is  being  struck,  the  low-tension  leads 
vibrate  very  much.  The  flexible  leads  coming  down 
to  the  carbons  (which  may  be  anything  in  number  from 
6  to  12)  are  pulled  close  together  and  become  rigid. 
The  current  during  this  time  is  very  high,  and  is  generally 
beyond  the  compass  of  the  ammeter.  As  the  current 
falls  the  leads  lose  their  cohesion  and  become  flexible 
again.  This  occurs  every  time  the  arc  is  struck,  and 
there  is  no  doubt  that  unless  the  bracing  and  clamps 
of  the  low-tension  coils  inside  the  transformer  are  a 
strong  job,  the  coils  are  liable  to  be  damaged.  The 
author  mentioned  that  there  is  a  probability  in  the 
near  future  of  larger  units,  say  8,000  k.v.a.  I  think 
the  transformer  makers  should  keep  in  view  the  weights 
of  these  transformers.  If  necessary,  they  might  be 
made  in  two  or  three  smaller  units  worked  in  parallel. 
It  is  not  always  easy  to  move  large  weights  and  the 
transformer  houses  are  not  always  very  roomy.  Any 
weight  above  10  to  I2  tons  is  difficult  to  handle  except 
by  mechanical  means,  as  men  cannot  handle  heavy 
chain  blocks  above  this  weight.     Although  the  trans- 
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formers  are  not  likely  to  be  moved  once  they  are  in 
position,  if  any  repairs  have  to  be  done  the  easier  the 
units  are  to  handle  the  less  time  will  be  spent  in  repairs. 
To  install  a  power  crane  for  this  purpose  would  be  to 
tie  up  a  great  amount  of  capital  for  very  occasional 
use. 

Mr.  'W.  J.  Cooper  :  I  am  interested  in  a  breakdown 
which  occurred  on  three  occasions  at  the  end  of  the 
melting  period.  I  wish  the  author  could  suggest  any 
possible  error  in  operation  which  might  cause  such 
a  breakdown,  or  any  condition  in  the  transformer  at 
that  period  of  the  melt  which  would  give  rise  to  special 
stresses.  The  furnace  in  question  was  of  the  arc  type 
with  hand-operated  electrodes. 

Mr.  G.  M.  S.  Sichel  :  There  are  one  or  two  points 
on  which  I  should  like  to  ask  the  author's  opinion. 
First,  how  does  tlie  regulation  of  these  special  trans- 
formers compare  with  that  of  the  ordinary  industrial 
transformer  operating  at  normal  voltages  ?  The  regu- 
lation will,  of  course,  depend  on  the  power  factor  of 
the  circuit,  but  for  the  purpose  of  comparison  let  us 
assume  similar  conditions.  Second,  I  am  particularly 
interested  in  the  author's  statement  that  the  low- 
tension  heavy-current  winding  consists  of  tiare  con- 
ductors, because  I  remenil)er  a  paper  read  before  the 
Institution  some  four  or  five  years  ago  which  dealt 
with  the  formation  of  sludge  in  transformers  and  in 
which  it  was  stated  tliat  there  was  a  much  greater 
tendency  for  sludge  to  form  on  bare  copper  conductors 
than  on  conductors  having  a  covering  of  insulation, 
and  that  it  would  appear  desirable  for  the  heavy- 
current  secondary  winding  to  be  covered  with,  say, 
a  single  layer  of  tape  in  order  to  prevent  the  forma- 
tion of  sludge.  The  tendency  to  sludge  is,  we  know, 
aggravated  if  the  temperature  at  which  the  transformer 
is  operating  is  high,  and  it  is  reasonable  to  expect 
higher  temperatures  on  transformers  working  in  prox- 
imity to  furnaces  than  in  transformers  working  under 
usual  industrial  conditions.  Next,  with  regard  to  the 
protective  gear  required  for  furnace  transformers,  in 
all  wiring  diagrams  showing  the  lay-out  of  furnace 
transformers  the  only  protection  provided  appears  to 
be  that  afforded  by  the  use  of  an  ordinary  time-limit 
fuse  or  fuses  which  shunt  the  oil-switch  trip  coils.  As 
the  behaviour  of  time-limit  fuses  does  not,  in  general, 
give  by  any  means  constant  results,  I  should  be  inter- 
ested to  know  whether  the  practice  of  protecting 
furnace  transformers  with  time-limit  fuses  has,  in  the 
past,  been  found  to  be  satisfactory,  more  particularly 
bearing  in  mind  the  extremely  violent  and  frequent 
fluctuations  of  the  current  during  the  melting  period. 
The  special  arrangement  of  the  low-tension  heavy- 
current  leads,  in  order  to  secure  satisfactory  operation, 
is  very  interesting,  as  it  emphasizes  in  an  interesting 
manner  the  well-known  fact  that  if  we  have  a  piece  of 
apparatus,  of  a  certain  size,  operating  satisfactorily, 
we  cannot  multiply  all  the  dimensions  by  lo  and  then 
expect  the  results  to  be  proportionally  good.  The 
problem  of  dealing  with  conductors  carrying  i,ooo  to 
2,000  amperes  is  a  simple  one,  but  when  the  current 
to  be  dealt  with  runs  into  tens  of  thousands,  we  cannot 
solve  the  problem  by  simply  increasing  the  cross- 
sectional  area  of  the  conductors.     The  factor  of  self- 


induction,  which  may  be  negligible  when  dealing  with 
small  currents,  becomes  of  such  importance  when 
dealing  with  very  large  currents,  that  it  easily  may 
completely  outweigh  almost  all  other  considerations. 
I  note  that  the  author  states  there  is  a  limit  to  the  size 
of  the  furnace  transformers  that  can  be  built,  and  it 
would  appear,  therefore,  that  if  provision  has  to  be 
made  for  dealing  with  a  very  large  output  from  furnace 
transformers,  it  would  be  necessary  to  have  several 
banks  of  transformers  with  their  own  furnaces.  1 
should  like  the  author  to  state  what  would  be  the  best 
lay-out  for  electrical  furnaces  and  transformers  to  deal 
with  a  large  output,  more  particularly  with  regard  to 
the  disturbance  which  would  be  caused  to  the  supply 
mains  if  several  banks  of  furnace  transformers  were 
to  be  switched  in  simultaneously.  Even  if  some  kind 
of  electrical  interlock  could  be  arranged  between  the 
oil  switches  controlling  the  various  banks  of  trans- 
formers, there  always  appears  to  be  a  danger  of  current- 
rushes  taking  place  simultaneously  in  several  banks  of 
transformers  during  the  melting  period,  when  the 
current  fluctuates  very  considerably.  The  same  effect 
on  the  supply  mains  would  be  produced  by  furnace 
transformers  in  different  works  in  the  same  district 
switching  in  simultaneously,  and  the  effect  on  the 
supply  mains  and  generating  plant  may  be  so  serious 
as  even  to  be  disastrous. 

Mr.  A.  E.  McColl  :  One  or  two  speakers  have  men- 
tioned the  sludging  of  oil  in  furnace  transformers. 
In  the  discussion  on  Dr.  Michie's  paper  *  I  remember 
that  one  of  the  speakers  specially  referred  to  the  rapid 
sludging  of  the  oil  in  a  transformer  employed  for  furnace 
work.  These  transformers  have  a  considerable  hot 
copper  surface  exposed  to  the  oil  and  I  do  not  know 
if  it  has  been  satisfactorily  proved  that  the  sludging 
is  due  to  this  exposed  copper  surface.  The  author 
perhaps  may  be  able  to  give  some  information  on  this 
point. 

Mr.  J.  L.  Thompson  (in  reply)  :  The  introduction 
of  reactance  in  the  electrical  circuit  of  a  furnace  equip- 
ment is,  as  the  author  states  in  the  paper,  essential, 
and  with  this  Mr.  Mitchell  is  in  agreement.  In  the 
case  of  large  installations,  as  the  author  has  pointed 
out,  reactance  is  the  controlling  factor  and  also  the 
permissible  mechanical  forces  brought  into  being  on  a 
short-circuit  are  only  of  moderate  value  due  to  the 
reactance,  but  nevertheless  dangerous  due  to  their 
frequent  occurrence.  The  cost  of  electrical  apparatus 
for  low  frequencies  is  of  a  necessity  more  expensive 
than  that  for  high  frequencies,  with  the  exception  of 
switchgear.  This  increase  in  cost  is  roughly  inversely 
proportional  to  the  frequency,  but  the  curves  in  Figs,  g 
and  10  in  the  paper  give  the  proportion  more  accurately. 
Mr.  Mitchell  is  evidently  in  agreement  with  the  author 
as  regards  tappings  and  their  weakness.  With  reference 
to  the  8,000  k.v.a.  unit  suggested  in  the  paper,  the  author 
would  not  recommend  a  single  three-phase  unit,  but 
a  unit  consisting  of  three  single-phase  transformers. 
This  would  facilitate  handling,  provision  of  spares, 
and  give  more  latitude  as  regards  location.  If  Mr. 
Mitchell  refers  to  the  author's  remarks  in  his  reply  to 
Mr.   Cowie  at   the  London  discussion   (page   214)   with 
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regard  to  the  performance  of  core-type  and  shell-type 
transformers,  I  think  he  will  find  his  quer>'  answered. 
Mr.  Wood's  experience  gathered  from  the  dismantling 
of  broken-down  furnace  transformers  would  possibly 
be  interesting,  but  conclusions  as  to  cause  of  failure 
may  have  been  entirely  wrong,  unless  he  was  fully 
familiar  with  all  details  of  their  standard  d^ign  and 
historj-.  As  has  been  stated  by  many  speakers,  this 
type  of  transformer  was  often  called  upon  to  carry 
much  heavier  loads  than  they  were  designed  for,  due 
to  the  heavy  demand  for  steel  during  the  war  and  the 
inefficient  and  scant  attention  given  to  such  plant. 
The  author  has  had  very  little,  if  any,  complaints  of 
sludging  of  oil  in  shell-type  transformers,  but  if  it  does 
occur,  this  is  due  to  inferior  oil  or  to  excessive  tempera- 
ture on  account  of  excessive  loading. 

In  reply  to  Mr.  Robertson,  as  stated  in  the  paper, 
transformers  for  resistance  furnaces  are  similar  to  those 
for  arc  furnaces  with  the  exception  of  reactance  require- 
ments. In  any  electrical  apparatus  subject  to  faults 
on  the  system  or  circuit  to  which  it  is  connected,  the 
switchgear  should  be  \'ery  positive  in  action.  The 
.  suggestion  that  selector  switches  should  be  oil  immersed 
is  good  and  safe,  but  their  introduction  is  generally  a 
question  of  cost.  As  the  voltages  in  vogue  in  this 
country  are  of  only  medium  value,  the  necessity  of 
oil  switches  for  selector  gear  is  a  debatable  point.  If 
their  location  is  in  a  damp  or  verv  dirty  atmosphere, 
oil-immersed  switches  would  be  advantageous,  but  as 
they  are  never  operated  when  under  load,  they  are  not 
necessary  for  operating  only.  Loose  multiple  cables 
carrying  alternating  current  in  the  same  direction 
will  certainly  attract  one  another  and  move  if  free  to 
do  so  when  carrying  heavy  currents.  The  question  of 
the  8,000  k.v.a.  unit  has  already  been  dealt  with  in 
reply  to  other  speakers. 

In  reply  to  Mr.  Cooper  the  author  sees  no  reason  why 
transformers  should   be   more  liable   to   failure   at   the 


end  of  a  melting  period  than  at  any  other  stage  of 
production.  The  severest  strain  is  always  present 
during  the  initial  stages  of  the  melting  period. 

With  reference  to  Mr.  Sichel's  remarks,  the  regulation 
of  any  transformer  depends  on  the  power  factor  of  the 
load,  the  reactance  drop,  and  the  resistance  drop  of 
the  transformer.  With  the  exception  that  the  power 
factor  is  variable  during  production  and  the  reactance 
is  of  fairly  high  value  and  varies  with  the  different 
voltages,  the  regulation  is  similar  to  that  of  power 
transformers.  It  may  be  4  or  5  per  cent,  but  a  definite 
value  or  figure  cannot  be  given  due  to  the  above 
variations.  Bare  copper  tends  to  sludge  oil  at  high 
temperatures,  but  if  tinned  or  taped  that  tendency 
is  reduced  and  eliminated  with  good  oil  and  a  reasonable 
working  temperature.  As  far  as  the  author  is  aware, 
time-limit  fuses  with  overload  trip  coils  have  given 
satisfaction.  The  author  does  not  state  that  there 
is  a  limit  to  the  size  of  furnace  transformer  which  can 
be  built,  but  that  experience  and  investigation  tends 
to  the  possibility  of  a  limit  for  the  size  of  an  electric 
furnace  that  can  be  operated  at  a  reasonable  power 
factor  and  efficiency.  Space  and  time  will  not  permit 
of  detailing  any  lay-out  schemes,  but  if  the  suggestions 
outlined  in  the  paper  be  followed  a  satisfactory  lay-out 
should  result.  If  a  bank  of  furnaces  are  installed,  their 
starting  times  are  generally  staggered,  so  as  to  equalize 
the  load  and  utilize  the  available  labour  to  the  full. 
Several  installations  on  the  same  feeder  will  possibly 
cause  surges  on  the  line,  and  these  surges  will  be  most 
severe  at  the  dead  end  of  the  line,  hence  a  ring  main 
would  suggest  itself  as  most  suitable  for  this  tvpe  of 
installation. 

Mr.  McCoU  also  refers  to  bare  conductors  causing 
oil  to  sludge.  This  question  has  already  been  dealt 
with,  but  in  the  author's  opinion  it  is  dependent  on 
the  quality  of  oil  and  the  temperature  attained  under 
the  worst  conditions. 


South  Midland  Centre,  at    Birmingham,  25  Febri  ary,  1920. 


Mr.  A.  M.  Taylor  :  The  author  alludes  on  page  202 
01  the  paper  to  the  tappings  being  put  in  the  middle 
of  the  winding  to  eliminate  high  voltages  by  the 
auto-transformer  effect,  and  also  to  free  the  reinforced 
turns  from  any  break  in  their  insulation.  It  is  not 
quite  clear  whether  the  efiect  in  these  dead  turns  is 
more  (per  turn)  than  that  in  the  live  turns.  Will 
the  author  please  explain,  preferably  with  a  diagram, 
exactly  the  arrangement  of  the  tappings  and  what  is 
the  advantage  of  his  arrangement.  Nowhere  in  the 
paper  is  the  use  of  three-phase  transformers  contem- 
plated. Presumably  the  difficulties  in  their  construction 
are  too  great  to  be  faced,  in  conjunction  with  the  large 
number  of  tappings  required  in  the  primary,  and  of 
parallel  coils  and  their  connections  in  the  secondary  ; 
but,  from  the  central  station  engineer's  point  of  view, 
IS  not  a  considerable  amount  of  unbalancing  of  the 
mains  thereby  introduced  ?  On  page  205  the  author 
brings  out  very  clearly  the  losses  introduced  in  the 
core  clamping  plates,  and  shows  how  this  is  due  to  the 
leakage  flux  between  the  sandwiched  coils  on  the  core 


type  of  transformer,  rather  inferring  that  the  core 
transformer  is  on  that  account  not  so  good  as  the  shell 
transformer.  This  leakage  flux  could  probably  be 
considerably  reduced  if  the  coils  were  subdivided  into 
narrower  and  deeper  coils,  thus  giving  the  leakage  paths 
further  to  travel.  This  would  also  get  over  the  difficulty, 
alluded  to  on  page  205,  of  the  secondary  coils  sharing 
the  load  unequally  when  certain  of  the  primary  coils 
are  cut  out  of  circuit.  No  doubt  the  difficulty  is  that 
a  certain  amount  of  reactance  is  wanted  in  the  trans- 
former, but  the  author  proposes  later  on  that  such 
reactance  should  be  obtained  separately  outside  the 
transformer,  and  it  would  look  as  though  this  would 
be  the  best  arrangement.  On  page  206  the  author 
alludes  to  the  central  position  of  the  high-pressure 
tappings  reducing  to  a  minimum  the  unbalancing  of 
the  load  in  the  low-pressure  coils.  It  is  not  quite  clear 
why  equally  favourable  arrangements  could  not  be 
made  with  this  object,  both  on  the  core  and  on  the 
shell  type  of  transformer.  On  page  207  the  author 
describes  an  arrangement  for  getting  ij  turns  on  the 
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low-tension  side  instead  of  two  turns.  Fig.  5  is  not 
clear  on  this  point,  and  it  would  be  of  interest  if  he 
would  explain  exactly  how  the  arrangement  is  carried 
out.  Presumably  there  have  to  be  a  large  number  of 
half  turns,  since  there  are  a  large  number  of  low-tension 
coils  in  parallel,  and  the  question  of  the  unbalancing  of 
the  flux  in  the  magnetic  fields  has  to  be  considered. 
With  reference  to  the  author's  remarks  on  page  205 
relative  to  the  unequal  lengths  of  the  low-pressure  coils 
which  are  in  parallel,  it  is  not  clear  whether  the  trouble 
is  due  to  the  reactance  of  the  strips  leading  from  the 
coils  to  the  terminals,  or  to  their  resistance  ;  I  under- 
stood that  these  strips  are  interleaved  so  as  to  wipe  out, 
as  far  as  possible,  the  reactance.  The  core  type  of 
transformer  would  appear  to  be  much  more  easily 
available  for  inspection  than  the  shell  type. 

Dr.  M.  Kahn  :  The  paper  gives  a  very  instructive 
comparison  of  the  core-t\-pe  and  shell-type  transformers 
when  used  for  furnace  work.  There  are  advantages  and 
disadvantages  with  either  type  of  transformer  which 
counterbalance  one  another  more  or  less,  although  it 
appears  that  the  shell  type  is  easier  to  build  and  arrange 
than  the  core  type.  The  author  has  in  his  statements 
mainly  considered  the  question  from  the  point  of  view 
of  construction.  A  very  important  consideration  in 
connection  w-ith  the  choice  of  the  type  from  the  user's 
point  of  view  on  this  particular  class  of  transformer  is 
the  question  of  repairs,  as  the  apparatus  is  subject  to 
particular  heavy  working  conditions  and  breakdowns 
are  more  likely  to  occur  and  are  of  more  serious  conse- 
quence than  in  the  case  of  the  ordinary  power  or  lighting 
transformer.  If  a  coil  on  a  shell-type  transformer 
breaks  down,  the  whole  core  has  to  be  rebuilt,  whOst 
on  core-tvpe  transformers  only  the  top  yoke  has  to  be 
removed.  This  advantage  mav  decide  the  question, 
particularly  on  smaller  sizes,  where  some  of  the  con- 
siderations set  out  in  the  paper,  for  example  the  influence 
of  the  connections  between  coils  and  the  bringing  out 
of  the  leads,  do  not  offer  great  difficulties  on  either 
type  of  transformer.  On  such  transformers  of  small 
outputs  it  is  possible  to  avoid  connections  between 
various  sections  of  low-tension  coils  in  parallel  by 
arranging  the  low-tension  winding  in  the  form  of  a 
wide  copper  sheet  which  extends  over  the  whole  length 
of  core  and  is  wrapped  round  the  iron  in  a  spiral.  It  is 
essential  with  this  construction  to  avoid  uneven  dis- 
tribution of  the  flux  by  arranging  the  tappings  in  the 
middle  of  the  core,  otherwise  considerable  losses  occur 
in  the  copper  sheet.  The  connection  from  the  low- 
tension  winding  to  the  furnace  can  be  made  by  welding 
the  connecting  strips  direct  to  the  ends  of  the  sheet 
before  it  is  wrapped  round  the  core.  Transformers  of 
this  type  up  to  500  kw.  have  been  used  successfully  on 
small  furnaces.  With  a  number  of  coils  in  parallel 
there  is  a  certain  danger  of  uneven  current  distribution, 
and  it  would  be  of  interest  to  hear  whether  experiments 
have  been  made  with  thermo-couples  in  various  parts 
of  furnace  transformers  to  detect  cases  of  uneven  loss 
distribution  due  to  this  or  any  other  cause. 

Mr.  H.  S.  Holbrook  :  With  reference  to  experi- 
ments with  temperature  indicators,  I  should  like  to  ask 
the  author  if  any  tests  have  been  made  on  transformers 
and  boosters  arranged  in  the  manner  shown  in  Fig.  6. 


It  appears  to  me  that  the  hot  oil  rising  from  the  trans- 
former would  tend  to  overheat  the  booster  windings. 
As  regards  the  possibility  of  transformer  windings 
containing  ij  turns,  the  idea  reads  very  well  in  the 
Patent  Specification,  and  it  would  be  interesting  to 
know  if  it  has  proved  as  successful  in  practice.  In 
presenting  the  figures  on  page  213  for  the  inductive 
drop  in  furnace  lay-outs,  the  author  has  drawn  attention 
to  a  very  important  matter  which  has  not  previously 
received  sufficient  attention. 

Mr.  F.  Forrest  :  I  think  it  is  most  essential  that 
all  large  oil-cooled  transformers  should  be  provided  by 
the  manufacturer  with  an  indicating  thermometer  or 
temperature  detector,  and  such  an  instrument  seems 
especially  necessary  in  the  case  of  transformers  for 
furnace  work  which  are  subjected  to  severe  short-circuits. 
These  thermometers  should  be  included  whether  they 
are  called  for  or  not  by  the  purchaser,  and  it  is  the 
manufacturer's  business  to  indicate  to  the  buyer  ho\s- 
essential  it  is  that  he  should  know  the  working  tempera- 
ture of  the  transformer  windings. 

Mr.  'W.  Parry  :  I  consider  that  the  section  on 
page  202  headed  "  Transformers  for  Steel  Furnaces  " 
should  commence  with  a  statement  of  the  average  values 
of  current  and  voltage  during  a  complete  run,  in  order 
to  see  for  which  voltage  the  transformer  losses  should 
be  a  minimum.  The  author  has  given  a  well-balanced 
comparison  between  the  shell  and  core  type  for  furnace 
work.  I  should  like  him  to  extend  the  comparison  to 
the  case  of  a  two-legged  rectangular  core-type  trans- 
former mounted  horizontally  in  the  tank.  By  using 
this  type  the  low-tension  leads  could  be  made  of  practi- 
cally the  same  length  and  without  joints,  as  in  the  case 
of  the  shell  type,  and  the  ventilating  ducts  between  the 
coils  would  be  in  the  same  direction  as  the  natural  flow 
of  oil  and  could  be  insulated  on  the  same  method  as 
the  shell  type.  There  would  also  be  plenty  of  room  to 
bring  up  the  high-tension  leads  without  congestion. 
There  is  the  further  advantage  that  the  economic 
proportions  of  copper  and  iron  can  be  reasonably 
obtained,  also  a  butt  joint  in  the  core  can  easily  be 
used  to  facilitate  repairs.  With  regard  to  the  high- 
tension  terminals,  I  am  of  opinion  that  they  should 
be  brought  through  corrugated  porcelain  and  that  in 
exceptionally  dirty  conditions  the^-  should  have  at  least 
one  petticoat  to  obviate  the  possibility  of  a  flash-over. 
On  page  205  the  author  states  that  the  low-tension 
leads  are  left  bare.  Would  it  not  be  advisable  to  tin 
the  copper  all  over  to  reduce  catalytic  action  tending  to 
make  the  oil  sludge  ?  I  should  like  to  know  if  there  is 
any  evidence  of  direct  current  in  the  low-tension  side 
due  to  a  possibly  rectifying  action  of  the  arc.  W'ith 
regard  to  the  different  power  factors  at  different  periods 
of  the  run,  I  should  like  a  little  more  explanation. 
Between  the  melting  period  and  the  molten  period  there 
is  a  difference  of  i5-5  per  cent  in  the  reactance  of  the 
circuit.  This  difference  must  originate  in  the  bath. 
Is  it  correct,  therefore,  to  assume  that  it  is  due  to  the 
molten  steel  having  lost  its  magnetic  properties  ?  Most 
transformer  manufacturers  will  agree  with  the  author's 
conclusions  that  the  most  reliable  transformer  is  one 
without  any  tappings  on  the  high-tension  side.  Com- 
paring Figs.  7  and  8,  Fig.  7  appears  to  be  the  simpler 
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and  more  reliable,  and  to  involve  the  use  of  least  switch- 
gear.  Probably  the  cost  of  switchgear  in  Fig.  8  could 
be  reduced  by  using  a  suitably  placed  auxiliary  winding 
on  the  main  transformer  to  operate  the  booster  trans- 
former. It  is  quite  possible  that  on  small  sizes  of 
transformers  ordinary  standard  6oo-volt  knife  switches 
might  then  be  used.  Current  control  may  be  obtained 
on  the  low-tension  by  the  use  of  variable  chokers,  which 
are  made  similar  to  transformers.  A  fine  wire  winding 
of  equal  ampere-turns  to  the  main  current  winding  is 
used  and  short-circuited  or  opened  automatically  by  a 
standard  contactor.  The  choker  would  be  of  a  rating 
of  about  20  per  cent  of  the  output  of  the  main  trans- 
former and  would  be  somewhat  expensive  but  verj^ 
reliable. 

Mr.  J.  L.  Thompson  (in  reply)  :  With  reference 
to  Mr.  Taylor's  remarks,  the  author  states  in  the 
paper  that  the  tappings  are  inserted  in  the  middle  of 
the  winding  to  prevent  the  piling  up  of  voltage  on  the 
switchgear  due  to  auto-transformer  effect  when  operating 
on  the  minimum  high-tension  winding  for  the  highest 
low-tension   voltage.      If   Fig.    D   represents   the    high- 
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Fig.  D. 

tension  winding  of  an  ii,ooo-vo!t  transformer  with 
tappings  for  three  low-tension  voltages,  viz.  65,  75,  85, 
then  if  the  mains  are  connected  to  leads  i  and  5,  11,000 
volts  %vill  come  across  these  leads  and  9,720  volts  across 
2  and  5,  and  8,420  volts  across  3  and  4.  If  the  mains 
are  across  2  and  5,  then  the  pressure  across  i  and  6 
is  12,470  volts,  and  across  3  and  6  is  9,5.50  volts.  If 
the  mains  are  across  3  and  4,  then  the  pressure  across 
I  and  6  is  14,400  volts,  and  across  2  and  5  is  12,700 
volts.  If  the  leads  are  all  connected  to  selector  switches, 
there  is  a  possibility  of  14,400  volts  and  12,700  volts 
coming  on  these  switches  connected  to  1  and  6  and  2  and 
5  respectively.     If  the  winding  be  as  in  Fig.  E,  then  no 
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pressure  higher  than  11,000,  the  line  voltage,  can  come 
across  any  switch.  In  this  case  the  voltage-increase 
is  between  switches  connected  to  leads  2.  3,  4,  5,  6,  and  7, 
and  is  only  of  relatively  low  value,  the  maximum  being 
3,400  volts.  Three-phase  furnace  transformers  are 
not  insuperable  but  complex,  and  single-phase  trans- 
formers are  in  the  author's  opinion  most  suitable  for 
this  type  of  work,  giving  more  flexibiUty  in  location 
and  also  economy  in  spares.  Over  90  per  cent  of  the 
furnace  equipments  in  this  country  are  supplied  with 
single-phase  transformers.  The  suggestion  that  narrower 
and  deeper  coils  would  reduce  the  leakage  path  is  quite 


correct,  but  this  suggestion  also  reduces  the  reactance, 
and  hence  is  not  permissible  for  high-reactance  trans- 
formers. The  possibihty  of  a  central  position  for  tappings 
on  a  core-type  transformer  is  dependent  on  the  reactance 
required,  as  Mr.  Taylor  suggests.  An  external  reactance 
■  would  not  remove  this  difficulty,  but  would  increase 
it,  as  with  reduced  reactance  more  groups  of  coils  are 
required.  A  regulating  transformer,  however,  would 
solve  the  problem.  With  regard  to  the  use  of  i|  turns, 
this  is  fully  described  in  the  author's  reply  to  the  London 
discussion.  The  unbalancing  of  load  in  the  parallel 
low-pressure  coils  is  dependent  on  their  resistance  as 
well  as  on  their  reactance,  and  unless  the  parallel  turns 
are  equal  in  length,  unbalance  is  bound  to  take  place. 
Due  to  the  comparative  short  length  of  copper  in  series 
in  the  low-tension  winding,  unequal  length  may  cause 
a  fair  percentage  of  out  of  balance. 

The  repair  of  a  core-tj^pe  furnace  transformer  is  no+ 
so  easy  as  Dr.  Kahn's  suggestion  implies.  I  would 
draw  attention  to  Figs.  1  and  2  in  the  paper  and  would 
ask  him  if  the  transformer  shown  in  Fig.  i  appears  easier 
of  repair  than  that  of  Fig.  2.  The  author  would  suggest 
that  in  either  case  the  manufacturer  would  have  to 
be  called  in  to  effect  the  repair.  Dr.  Kahn's  suggestion 
of  winding  the  low-pressure  coils  of  furnace  trans- 
formers of  wide  copper  sheet  may  sound  easy,  but  the 
author  would  suggest  that  failure  will  result  if  this 
practice  is  attempted  on  large  sizes  with  high  reactance. 
The  leakage  fields  will  cut  this  copper  shield  winding 
in  parts  at  right  angles  and  so  cause  heavy  losses  and 
local  heating  and  eventually  a  burn-out  or  fusing  of 
the  low-pressure  windings.  Also,  in  this  method  of 
winding,  the  current  will  not  be  evenly  distributed  over 
the  copper  section,  but  will  locahze  around  the  leads 
and  the  shortest  path  between  the  positive  and  negative 
leads.  In  a  correctly  designed  transformer  with  all 
necessary  ventilating  ducts,  no  local  heating  is  evident, 
and  this  is  confirmed  by  experience  and  tests. 

In  reply  to  !Mr.  Holbrook,  the  suggestion  of  transformer 
and  booster  shown  in  Fig.  6  has  not  been  built,  but 
was  inserted  to  show  the  possibility  of  such  an  arrange- 
ment. The  booster  would  certainly  be  a  little  hotter 
than  the  transformer,  but  as  it  is  surrounded  by  the 
coohng  coil,  the  difference  in  temperature  would  be 
very  small.  With  regard  to  the  i|  turns,  experiments 
were  carried  out  on  a  large  2,200  k.v.a.  transformer 
and  the  results  proved   the  possibihty  of  the  scheme. 

In  reply  to  Mr.  Forrest,  thermometers  and  tempera- 
ture alarms  are  fitted  to  many  transformers,  but  only 
at  special  request.  The  suggestion  that  they  be  fitted 
as  standard  practice  is  good  and  the  author  agrees. 
If  the  transformer,  however,  is  only  loaded  up  to  its 
rated  capacity  and  given  ample  ventilation,  the  tempera- 
ture should  never  rise  to  a  dangerous  figure. 

With  reference  to  Mr.  Parry's  remarks,  in  the  author's 
opinion  a  core-type  transformer  mounted  horizontally 
is  not  the  most  satisfactory'  design.  This  is  because 
the  transformer  core  being  laminated  in  a  horizontal 
direction  cannot  be  rigid  and  is  dependent  on  its 
rigidity  by  insulated  bolts  through  the  core,  which 
are  always  under  mechanical  strain.  The  coils  hang 
on  the  core  and  form  a  load  on  a  laminated  flexible 
beam,    and    hence    cause    vibration    and    sag.     This   is 
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more   pronounced    the   longer   the   leg   and    the   larger 
the  size  of  the  transformer. 

The  decrease  in  the   inductive   drop  from  melting  to 
molten  is  not  wholly  due  to  the  magnetic  effect  of  the 


bath,  but  is  also  due  to  the  fact  that  the  load  current 
is  reduced  and  therefore  the  inductive  drop.  When  the 
desired  temperature  is  attained,  the  amount  of  energy 
required   to   retain    that   temperature   is   not  so   heavy. 


North  Midland  Centre,  at  Sheffield,  2^  March,  1920. 


Mr.  H.  E.  Yerbury  :  The  troubles  experienced  at 
Sheffteld  with  the  transformers  referred  to,  have,  I 
believe,  been  largely  due  to  the  fact  that  they  have 
been  working  almost  entirely  on  two-phase  furnaces. 
The  suggestion  has  been  made  that  certain  transformer 
failures  in  Sheffield  were  due  to  resonance  on  the  Electric 
Supply  Department's  mains,  and  I  .should  like  to  ask 
the  author  what  conclusions  his  firm  reached  after  their 
investigations  on  resonance  effects.  V,"hat  capacity  of 
transformer  does  the  author  think  should  be  the  maxi- 
mum as  a  single  unit  for  furnace  work,  having  regard 
to  the  heavy  currents  and  connections,  and  overload 
ratings  required,  and  other  characteristics  of  very 
large  sizes?  The  recommendations  on  page  211  of 
the  paper  are  excellent,  and  will  doubtless  be  followed 
by  those  responsible  for  laving  out  and  installing 
furnace  equipments. 

Mr.  F.  S.  G.  Minings  :  I  am  somewhat  disappointed 
that  the  author  has  not  dealt  with  other  firms'  manu- 
factures. I  myself  am  interested  in  the  Berry  furnace 
transformer,  which  is  a  circular  shell  type  ha\'ing  a 
centre  core  upon  which  the  windings  are  wound.  'We 
have  supplied  several  hundred  thousand  kilowatts  of 
this  type  during  the  war  for  furnace  work  alone,  so  I 
make  no  apology  in  pleading  for  this  particular  type 
of  transformer.  On  turning  to  Fig.  i  in  the  paper, 
I  notice  that  the  interleaving  of  the  low-tension  bars 
is  carried  right  through  to  the  furnace,  so  that  the 
actual  contact  can  be  on  only  one  side  of  the  busbars. 
I  suggest  that  it  is  better  to  bring  that  interleaving 
just  outside  the  top  of  the  transformer  tank  and  then 
separate  the  polarities  and  connect  the  busbars  solid 
to  them.  In  that  way  contact  is  obtained  on  both 
sides  of  the  busbars.  The  connection  shown  in  Fig.  i 
appears  to  be  rather  long  relatively  to  the  width.  If  it 
is  drawn  to  scale,  it  measures  2  ft.  8  in.  x  8  in.  and 
requires  the  use  of  a  spring  on  each  bolt  for  clamping. 
Is  the  bottom  right-hand  bolt,  in  the  side  view  of  Fig.  i, 
phosphor  bronze  or  steel  ?  That  bolt  seems  to  come 
within  a  magnetic  field  which  may  cause  trouble.  I  am 
interested  to  hear  of  the  author's  patent,  but  on  looking 
up  our  own  records  I  find  that  the  half-turn  design 
was  used  by  my  Company  in  the  early  part  of  this 
century,  although  it  was  not  patented.  We  have  had 
half-turn  transformers  working  quite  satisfactorily 
during  the  last  15  years.  On  page  202  the  author 
makes  a  great  point  of  having  the  tappings  in  the 
middle  of  the  winding.  He  seems  to  suggest  that  all 
the  trouble  would  then  be  eliminated.  I  contend  they 
are  still  liable  to  very  high  stresses  and  require  also 
to  be  reinforced.  I  wish  to  endorse  the  statement  that 
a  lot  of  the  early  troubles  of  furnace  transformers  can 
be  attributed  to  the  insufficient  capacity  of  such  trans- 
formers. I  know  of  several  cases  where  the  number 
of     kilovolt-amperes     mentioned     to     the     transformer 


manufacturer  had  afterwards  to  be  considerably  in- 
creased ;  in  fact  small  transformers  were  added  to 
work  in  parallel  with  existing  sets.  This  was  not  the 
fault  of  the  transformer  manufacturer,  as  he  had  not 
to  determine  the  amount  of  power  required  for  the 
furnaces.  .\s  far  as  the  transformer  is  concerned  I 
can  see  no  limit  to  the  size,  but  it  is  a  question  whether 
the  supply  authorities  can  deal  with  large  loads  of 
such  an  intermittent  nature.  I  wonder  how  many 
supply  authorities  can  deal  with  the  8,000  kw.  furnaces 
mentioned  by  the  author,  especially  if  they  are  installed 
a  long  way  from  the  generating  station.  In  order  to 
supply  power  to  such  large  furnaces  there  is  little  doubt 
that  it  will  be  found  necessary  to  distribute  at  higher 
voltages  than   in   the  past. 

Mr.  'W.  Redmayne  :  I  can  appreciate  the  trans- 
former tlesigner's  difticulties  from  mv  own  experiences 
with  electric  furnaces.  The  steel  manufacturer  finds 
that  by  taking  ij  times  full  load  he  can  melt  steel  much 
more  quickly.  He  does  it,  and  it  is  bad  for  the  trans- 
former. This  overloading  of  the  transformer  breeds  a 
contempt  for  the  time-limit  fuse,  which  frequently 
blows,  and  the  result  is  that  the  normal  fuse  is  replaced 
by  a  few  turns  of  copper  wire.  The  switch  sometimes 
operates  under  these  conditions,  but  this  is  due  to  good 
luck  and  a  bad  contact. 

Mr.  H.  'W.  'Walker  :  I  have  had  exj)erience  of  some 
of  the  breakdown  difticulties  in  the  Sheftield  area  with 
furnace  transformers  of  various  designs.  Such  failures 
are  chiefly  due  to  the  unfair  treatment  that  many 
'  transformers  receive  owing  to  inefficient  handling.  At 
;  a  lecture  the  other  evening  a  furnace  designer  stated 
that  an  electric  steel  furnace  could  be  easily  handled 
by  men  who  had  had  only  three  weeks'  training.  1 
know  that  is  done,  and  I  imagine  that  quite  half  of 
the  breakdowns  are  caused  by  such  handling  and  in- 
efficient electrical  loading  of  furnaces.  There  is  no 
doubt  that  the  average  furnace  transfonner  is  at  least 
50  per  cent  under-rated  as  regards  the  furiiace  capacity. 
This  applies  to  most  of  the  types  installed.  The  author's 
remarks  with  reference  to  reactance  regulators  seem 
to  me  verj'  necessary,  but  so  far  I  have  not  come  across 
a  case  where  such  a  regulator  has  been  installed.  It 
is  probably  a  question  of  cost.  The  author  does  not 
mention  switchgear,  which  I  think  is  a  very  important 
item  of  a  furnace  installation.  I  often  find  the  time- 
limit  fuse  holder  is  discarded,  and  I  have  come  across 
:  cases  where  a  piece  of  22  S.W.G.  copper  wire  was  wrapped 
round  the  contact  clip.  As  to  the  maintenance  of 
furnace  plant,  it  will  generally  be  found  that  the  plant 
is  sadly  neglected  which  suffers  a  breakdown  sooner  or 
later.  I  believe  that  the  supply  authority  at  Sheffield 
has  recommended  that  each  switch  should  be  opened 
out  at  least  every  month.  This  would  be  sufficient 
in  ordinary  cases,  but  I  think  that  at  least  once  a  fort- 
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night  the  oil  tank  should  be  lowered  to  note  if  the  oil 
needs  changing.  In  a  month  the  oil  becomes  badly 
carbonized  ;  at  least  it  did  so  when  the  war  was  on 
and  the  transformers  were  pushed  hard.  Can  the  author 
give  us  any  idea  as  to  how  often  a  transformer  winding 
should  be  lifted  and  the  oil  examined  ?  I  consider 
that  permanent  recording  meters  should  be  installed 
under  lock  and  key,  to  give  .some  indication  of  what 
is  done  on  night  shift. 

Mr.  J.  L.  Thompson  (in  reply)  :  I  regret  that  I  am 
unable  to  reply  to  Mr.  Yerbury's  queries,  but  if  he  will 
refer  to  my  reply  to  the  London  discussion  (page  220) 
he  will  note  that  Scott-connected  transformers  for 
two-phase  furnace  work  are  liable  to  be  seriously  over- 
loaded under  adverse  conditions.  Transformers  for 
three-phase  furnaces  are  relatively  simple  in  design, 
and  overloading  during  normal  operation  is  not  possible 
without  being  immediately  noted  on  the  measuring 
instruments.  With  reference  to  resonance,  I  must  also 
be  excused  from  a  direct  reply.  If  a  supply  system  is 
laid  out  on  the  star  feeder  system,  it  has  been  demon- 
strated that  the  dead  end  of  any  feeder  is  the  most 
vulnerable  point  for  surge  voltages.  This  is  because 
the  high-frequency  surges  are  reflected  at  the  dead  end 
and  the  synchronizing  of  the  direct  and  reflected  waves 
will  cause  a  high-voltage  surge.  A  ring-main  system 
would  seem  to  be  the  one  most  suitable  when  heavy 
surges  of  current  are  a  frequent  possibility.  I  have 
pointed  out  in  my  replies  at  the  other  Territorial  Centres 
that  there  is  no  limit  to  the  size  for  which  a  furnace 
transformer  can  be  built,  but  that  the  furnace  for  steel 
work  tends  to  approach  a  limiting  size  of  8,000  k.v.a. 
This  size  is  dependent  on  present  knowledge  and  future 
investigation,  and  research  may  show  the  possibility 
of  raising  this  limit  to  a  much  higher  figure. 

I  would  draw  Mr.  Hinings's  attention  to  the  fact 
that  no  particular  firm's  manufactures  are  dealt  with 
in  the  paper.  The  two  types  mentioned  are  those 
universally  known,  while  that  mentioned  by  Mr.  Minings 
is  peculiar  to  one  firm's  manufacture.  The  interleaving 
of  the  low-pressure  bars  is  essential  where  the  current 
to  be  carried  is  heavy,  and  especially  where  the  run  of 
the  low-pressure  leads  is  of  any  length.  The  question 
of  contact  surface  is  relatively  unimportant  as  long  as 
sufficient  surface  is  obtained.  By  the  use  of  two  bars 
and  two  contact  surfaces,  increased  losses  are  experienced 
at  these  contacts  due  to  alternating  current  cutting  two 
surfaces  at  right  angles,  as  against  one  surface  only. 
The  introduction  of  separate  groups  of  positive  and 
negative  leads  will  cause  trouble  on  large  transformer 
equipments  above  500  k.v.a.,  as  mentioned  in  the  paper. 
The  use  of  springs  in  connection  with  low-pressure  lead 
clamps  permits  of  ease  in  erection  and  also  tends  to 
keep  the  surface  contact  of  the  bars  constant  at  all 
temperatures.  The  bolt  mentioned  by  Mr.  Minings  in 
Fig.   I  is  of  steel,  but  the  clamping  plates  are  of  non- 


magnetic material.  The  bolt  wiU  not  get  hot,  since 
the  bars  are  interleaved  and  the  leakage  fields  are  there- 
fore neutralized  in  the  region  of  the  bolt.  With  reference 
to  Mr.  Hinings's  remarks  re  my  patent,  I  would  suggest 
that  although  half-turn  windings  may  have  been  used 
many  years  ago,  it  was  done  in  an  unscientific  way. 
For  instance,  they  have  been  used,  as  I  am  aware,  for 
starting  tappings  in  connection  with  rotary-converter 
transformers,  but  in  those  cases  they  could  not  be  run 
continuously  without  very  high  temperature  rises  in 
the  iron  circuit.  This  excess  loss  is  due  to  the  un- 
balancing of  the  load  fluxes  in  the  core,  with  a  result 
that  the  iron  was  over-saturated.  Further,  the  reactance 
of  such  a  transformer  when  loaded  on  the  half  turn  is 
very  high,  due  to  the  unbalanced  flux,  and  the  charac- 
teristic of  the  reactance  voltage  with  load  is  similar 
to  a  B/H  curve.  A  transformer  designed  to  my  patent 
is,  however,  quite  normal  under  all  conditions  of  load, 
and  the  reactance  characteristic  is  a  straight  line  and 
the  flux  throughout  the  core  and  under  all  load  con- 
ditions is  balanced.  If  Mr.  Hinings  studies  the  patent 
specification  and  compares  it  with  the  designs  he  men- 
tions, he  will  find  the  differences  referred  to.  The 
suggested  central  position  of  the  high-pressure  tapping 
was  not  made  to  eliminate  high-pressure  surges,  but  to 
prevent  high  induced  pressures  from  coming  on  the 
switchgear  and  terminals  (see  my  reply  to  the  Birming- 
ham discussion,  page  305).  The  low  rating  of  trans- 
formers for  furnace  work  has  already  been  mentioned, 
and  I  am  in  agreement. 

Mr.  Redmayne  agrees  regarding  the  difficulties  that 
transformer  designers  have  experienced,  and  his  state- 
ments are  further  evidence  and  support  the  suggestions 
outlined  in  the  paper  \\-ith  reference  to  control  and 
supervision. 

Mr.  Walker's  statements  also  supjMrt  the  author's 
remarks  re  control  and  supervision.  If  operation  and 
supervision  were  given  more  attention,  much  trouble 
would  be  eUminated  and  expense  saved.  I  would 
advise  that  a  transformer  under  continuous  load  and 
frequent  overloads  should  be  examined  every  six  months, 
and  that  samples  of  oil  should  be  taken  from  the  tanks 
and  examined  casually  every  three  months.  If  any 
discoloration,  sludge  or  moisture  be  noted,  it  should 
be  carefully  examined  and  tested,  and,  if  found  defective, 
filtered  or  renewed  as  the  case  may  be.  The  condition 
of  the  oil  will  indicate  the  condition  of  the  transformer. 
If  excessive  sludging  is  noted,  it  would  be  advisable  to 
lift  the  transformer  and  clean  it  before  renewing  or 
filtering  the  oil.  The  suggestion  that  recording  meters 
should  be  used  on  furnace  installations  meets  with  my 
approval,  as  it  will  be  an  additional  safeguard  and  a 
visible  means  of  ascertaining  when  excessive  loads  are 
taken  and  by  whom.  They  would  also  be  of  assistance 
to  insurance  companies  in  their  periodic  inspection, 
and  especially  in  cases  of  failure. 
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REPORT. 

The  Council  at  the  Forty-eighth  Annual  General  Meet- 
ing of  The  Institution  of  Electrical  Engineers,  present 
to  the  members  their  Report  for  the  year  1919-20. 

(i)  Membership  of  the  Institution. 

The  changes  in  the  membership  since  the  ist  April, 
1919,  are  shown  in  the  following  table  : — 

Hon.  Assoc. 

Mem.  Mem,      Mem.      Grad,     Studt,  Assoc. 
Totals  at 
I   April,   1 91 9 
(Estimated)    8    1,524    3,833     519       680     459 


Total. 


7.023 


Additions  during 
the  year  : — 

Elected  i 

Reinstated 

Transferred 
to 

Total  I 


25       498  185  553  29 

2  . .  39  18 

77         84  47 

102       584  232  592  47    1,558 


Deductions  during 

the  year : — 
Deceased         .  .  14 

Resigned  .  .  9 

Lapsed 

(Estimated)  . .  16 

Transferred 

from 


Total 


30 

37 


4 
13 


105       66 

73       48 
39       245      131 


7 
26 

12 


75       12 
120       29       564 


Net  Increase 


994 


Totals  at 

I  April,  1920 

(Estimated)    9    i. 

587    4,172      620 

1,152 

447 

8,017 

The  growth  of 

membership 

is  emphasized  by  com- 

parison   with  the 

corresponding  totals  for 

the  last  few 

years,  which  are 

as  follows : — 

Increase  or 

Ytar 

Mentbership 

dtcrease 

I912 

6.537 

+ 

194 

1913        .. 

7,084 

+ 

547 

I914        .. 

7.045 

— 

39 

1915        .. 

6,811 

— 

234 

1916 

6,676 

— 

135 

I917        .. 

6,613 

— 

63 

1918        .. 

6,667 

+ 

54 

I919        •  ■ 

7.023 

+ 

356 

1920 

8,017 

+ 

994 

The  Council  are  gratified  at  the  large  increase  of 
membership,  which,  though  no  doubt  due  in  part  to  new 
members  now  joining  the  Institution  who  were  prevented 
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from  doing  so  while  the  War  continued,  is  to  be  chiefly 
attributed  to  the  increased  usefulness  of  the  Insti- 
tution and  to  the  activity  of  the.  Territorial  Centres 
and  Sub-Centres. 

(2)  Honorary  Member. 

The  Council  have  pleasure  in  recording  the  announce- 
ment made  at  the  Ordinary-  Meeting  of  the  13th  Novem- 
ber last  that  they  had  elected  Professor  Hendrik  Antoon 
Lorentz,  of  Leyden  University,  Holland,  to  be  an 
Honorary  Member  of  the  Institution. 

(3)  Honours  and  Distinctions   Conferred  on 
Members. 

Military  distinctions  arising  out  of  the  War  have 
been  awarded  during  the  year  as  follows  : — 


Distinction 

K.B.E. 
C.M.G. 
CLE. 
C.B.E. 
O.B.E. 
D.S.O. 
M.B.E. 
A.F.C. 
M.C. 
M.S.M. 
T.D. 

Legion  of  Honour,  Croix  d'officier 
Legion  of  Honour,  Chevalier  .  . 
Croix  de  Guerre  (French) 
,,  ,,       (Belgian) 

(Portuguese).  . 
Ordre  de  Leopold,  Oflficier 
Ordre  de  la  Couronne,  Chevalier 
Military  Order  of  Aviz 
Ordre  de  I'Etoile  Noire 
Order  of  the  Crown  of  Italy,  Officer 
Mentioned  in  despatches 
Mentioned 


o.  of  Awards 
I 

4 

2 

6 
38 

2 
21 

1 
16 

2 

7 


2 
2 

2 
I 
2 
2 
I 
I 

53 

2 


Lists  of  names  of  the  recipients  have  been  published 
in  the  Journal  (Vol.  57,  Institution  Notes,  No.  14,  p.  30 ; 
and  No.  15,  p.  40). 

The  following  honours  have  also  been  conferred  on 
members  : — 

K.C.B. 

Glazebrook,  Sir  R.  T.,  C.B.,  D.Sc,  F.R.S.  (Member). 

K.B.E. 

Devonshire,  James  (Member). 

Elphinstone,  G.   K.  B.    (Member). 

Mansfield,  A.,  C.B.E.  (Associate). 

Petavel,   J.  E.,  D.Sc,  F.R.S.   (Associate  Member). 

Renwick,  H.  B.   (Associate). 

Ruck,  Major-General  R.  M.,  C.B.,  C.M.G.  (Member). 

Knighthood. 

Kemnal,  J.  H.  R.   (Member). 
Schuster,  Prof.  A.,  F.R.S.   (Member). 


C.B.E. 

Anderson,  J.   (Associate). 

Clough,  F.  H.   (Member). 

Dalrymple,  J.   (Associate). 

FeU,  A.  L.  C.   (Member). 

Fleming.  A.  P.  M.,  M.Sc,  O.B.E.   (Member). 

Hunter,  P.  V.   (Member). 

Larke,  W.  J.,  O.B.E.   (Member). 

Le  Maistre,  C.  D.  (Member). 

MacGregor,  J.  J.   (Member). 

Preston,  G.  F.   (Member). 

Pybus,  P.  J.   (Member). 

Scholey,  H.   (Member). 

Sparks,  C.  P.   (Member). 

O.B.E. 

Allen,  P.  R.   (.Associate). 

Barclay,  W.  R.  (Associate  Member). 

Bisacre,  F.  F.  P.   (Associate  Member). 

Boulding,  R.  S.  H.   (Associate  Member). 

Brousson,  R.  P.  (Member). 

Crompton,  Capt.  C.   (Associate  Member). 

Dannatt,  F.  C.   (Associate  Member). 

Drysdale.  Dr.  C.  V.   (Member). 

Faber,  O.,  D.Sc.   (Associate  Member). 

Gill,  F.   (Member). 

Goodyer,  T.  B.   (Associate). 

Hawes,  G.  W.  S.   (Member). 

Moat,  W.  (Associate  Member). 

Orr,  Prof.  J.   (Associate  Member). 

Parker,  E.  T.   (Associate  Member). 

PoUock,  S.  A.   (Member). 

Pringle,  J.  S.  (Member). 

Rodgers,  C.   (Associate  Member). 

Rogers,  H.  I.   (Member). 

Sandberg,  O.  F.  A.   (Associate). 

Sayers,  J.  (Member). 

Scott,  W.  H.   (Member). 

Sinnott,  J.  (Member). 

Spencer,  C.  J.   (Member). 

Thornton,  Dr.  W.  M.   (Member). 

Tough,  G.   (Member). 

Watson,  E.  A.   (Associate  Member). 

Williams,  E.  T.   (Member). 

Young,  A.  P.   (Member). 

M.B.E. 

Brakes,  H.   (Associate  Member). 
Coutts,  F.  (Associate). 
Fisher,  F.  (Associate  Member). 
Frankling,  A.  E.  (Associate  Member). 
Haler,  P.  J.   (Associate). 
Hardy,  W.  E.   (Member). 
Hatch,  W.  A.  (Associate  Member). 
Heron,  C.  R.   (Associate  Member). 
Huddart,  A.  H.  (Associate  Member). 
Hudson,  Russell  (Associate  ilember). 
Hunt,  F.  C.   (Associate  Member). 
Jervoise,  E.   (Associate  Member). 
Jones,  H.  J.  A.   (Associate  Member). 
Kilgour,  M.  H.   (Member). 
Malcolm,  G.  W.  (Member). 
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H.B.E.—  fciil/mnui. 

Ramsey,  A.  C   (Associate  Member). 
Roberts,  A.  H.   (Associate  Member). 
Robson,  W.  T.   (Associate  Member). 
Rycroft,  P.  E.   (Associate  Member). 
Watlington,  V.   (Member). 
Webb,  G.  R.   (Member). 
Wilmshurst,  T.  P.   (Member). 
Worrall,  G.  W.,  D.Eng.   (Associate  Member). 

Ordre  de  la  Couronne,  Chevalier  (Belgium). 

Joly,  H.  L.   (Associate  Member). 


(4)   Deaths. 

The  Council  have  to  deplore  the  death  of  55  members 
of  the  Institution  during  the  year,  of  whom  g  lost  their 
lives  on  naval  or  military  service. 


Roll  of  Honour. 

Killed  in  Action. 

Clarke,  Private      N.Z.  Trench  Mortar  Batterv   Student 

R.  St.  J. 
Reynolds,  Gunner  N.Z.  Artillery  Student 

O.  B. 


Accidentally  Killed. 

Wright,  Lieut. 

Royal  Air  Force 

Associate 

C.  V.  C. 

Member 

Died. 

Barter.    Leading 

Royal  Naval  Division 

Student 

Seaman  A.  E. 

• 

Bly,  2nd  Lieut. 

Royal  Garrison  Artillery 

Student 

H.  A.  E. 

Hayne,  Capt. 

Royal  Air  Force 

Student 

E.  T.,  D.S.C.. 

D.F.C. 

Murphy,  Lieut. 

Royal  Naval  Air  Service 

Graduate 

G.  H. 

Prince,  Lieut. 

Royal  Engineers 

Associate 

G.  R.  D. 

Member 

Twigg,  Private       Royal  Army  Service  Corps      Associate 
J.  H.  Member 

A  Service  in  memory  of  the  members  of  the  Engineering 
Profession  who  lost  their  lives  in  the  War  was  held  at 
Westminster  Abbey  on  Wednesday,  i8th  June,  1919, 
and  was  attended  by  a  large  number  of  members  of 
this  and  other  Engineering  Institutions. 

Other  Members  Deceased. 


Members. 


Banneux,   J. 
Barlow,  H.  D. 
Bihet,  O. 
Bumiller,  R.  B. 
Carhart,  Prof.  H.  S. 
Connolly,   J. 
Poi-man,  C.  M. 


Drugnian,  L. 
Linehain,  W.   J. 
McDonald,   Rt.    Hon.   Sir 

J.H.  A.,G.C.B.,LL.D., 

F.R.S.S. 
Ruddle,  M. 
Starr,  D.  A. 


Associate  Members. 


Berry,  J.  R. 
Bingham,  H. 
Blair,  G.  C. 
Cohen,  S. 
Foale,  W.  S. 
Forsdick,  C.   F. 
Fyfe,   J.  J. 
Garnett,  C. 
Harford,  G.   J. 
Harris,  A.  R. 
Haslam,  L.  F. 
Jack,   J.  W. 


Ardron,  J.,  C.B. 
Benedict,  W.  C. 
Gemmcl,   T. 


Conner,   W.  G. 


Boyton,   E.   F. 


Johnson,  L.  W. 

Mittra,   K.  C. 

Moulden,   E.   S. 

Pyne,  Major  F.  D.,  O.B.E. 

Reichel,  L.  T. 

Roseveare,  L. 

Stockbridge,   J.  P. 

Thorpe,   H. 

Waller,  A. 

Weston,  P.  L. 

Wilson,  G.  H. 


Associates. 

Maiden,  G.  F. 
Vinfotte,  R. 
Walter,  A.   J., 


K.C. 


Graduates. 

Kemp,  H.  D. 

Students. 

Haywood,  J. 
Orpin,  C. 


Among  the  deaths  recorded  above,  the  Council  feel 
particularly  the  loss  of  the  following  colleagues  :  Mr. 
J.  Ardron,  C.B.  (Member  of  Council  in  1895),  M.  J. 
Banneux  (Local  Hon.  Secretary  and  Treasurer  of  the 
Institution  for  Belgium  from  1907  to  1912),  Mr.  M. 
Ruddle  (Chairman  of  the  Dublin  Local  Section,  now 
Irish  Centre,  during  1904-5),  Mr.  D.  A.  Starr  (Chair- 
man of  the  Scottish  Local  Section,  now  Scottish 
Centre,  during  1915-16),  and  Mr.  A.  J.  Walter,  K.C. 
(Member  of  Council  from   1903  to   1906), 

(5)   War  Memorial. 

The  Council  are  glad  to  report  that,  as  far  as  they 
have  been  able  to  ascertain,  the  number  of  dependents 
of  fallen  members  whose  circumstances  would  warrant 
assistance  from  the  War  Memorial  Fund  is  negligible, 
with  the  result  that  a  larger  proportion  of  the  amount 
subscribed  will  be  available  for  a  suitable  Memorial 
in  the  Institution  Building.  The  Council  are  anxious 
that  no  case  needing  assistance  shall  escape  their 
notice  and  members  knowing  of  such  cases  are  there- 
fore requested  to  communicate  with  the  Secretary  of 
the  Institution.  But  the  question  of  the  Memorial 
itself  must  necessarily  stand  over  until  the  Institution 
is  reinstated  in  its  quarters. 

The  book  of  biographies  and  portraits  of  members 
who  lost  their  lives  in  the  war  is  in  active  preparation, 
and  with  the  object  of  making  the  record  as  complete 
as  possible,  the  Council  are  endeavouring  to  obtain 
further  biographical  details. 

(6)  Electrical  Appointments  Board. 

As  has  already  been  reported,  the  Electrical  Appoint- 
ments Board  which,  in  order  to  comply  with  legal 
requirements,    is    an    organization    separate    from    the 
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Institution,  has  been  set  up  with  the  object  of  acting 
as  intermediary  between  employers  and  members 
seeking  employment. 

Owing  to  the  limited  number  of  vacancies  reported, 
the  Board  have  decided  that,  for  the  present,  members 
who  have  served  in  H.M.  Forces  shall  receive  primary 
consideration. 

(7)  Benevolent  Fvnd. 

The  Committee  of  Management  of  the  Benevolent 
Fund  of  the  Institution  report  that  en  the  31st  December, 
1919,  the  Capital  Account  of  the  Fund  stood  at  ^^5,709 
9s.  6d.,  and  the  accumulated  income  at  £i,'JSo  5s.  8d. 
The  donations  and  subscriptions  to  the  Fund  in  1919 
amounted  to  ^^537  7s.  8d. 

In  the  course  of  the  year  24  grants  were  made, 
amounting  to  a  total  of  £^^91  5s. 

The  following  is  a  comparison  of  the  number  of 
subscriptions  and  the  amounts  received  up  to  the  15th 
April  during  the  present  year  and  for  the  same  period 
a  year  ago  : — 


1920. 

I  January  to  15  April 


Number  of  Amount 

Subscribers        Subscribed 
£        s.      <]. 

From  members  ..      712       £418     6   10 

City  of  Glasgow  Royal  Engi- 
neer Volunteers  (per  Major 
E.  T.  Goslin)  .  .  i  197     on 

County  of  London  Royal 
Engineer  Volunteers  (per 
Sir  John  Snell)       ..  ..  i  31     9     6 

Midland  Electrical  Engineers 

Ball  Committee      .  .  .  .  1  30     o     o 


1919. 

I  Januar)-  to  15  April 


£v- 


715       £(>7f>  17     3 


The  Accounts  of  the  Fund,  which  are  separate  from 
those  of  the  Institution,  will  be  published  in  a  later 
number  of  the  Journal. 

(8)  Benefaction  to  the  Institution. 

On  behalf  of  the  Institution  the  Council  have  accepted 
with  grateful  thanks  the  benefaction  referred  to  in 
the  following  letter  : — 

Gwydyr  House, 

London. 
igth  April,   1920. 
Roger  T.  Smith,  Esq., 
President, 

The  Institution  of  Electrical  Engineers, 
1,  Albemarle  Street,  W.  i. 
Sir. 

We  have  been  requested  by  a  donor,  who 
desires  to  be  anonymous  during  his  lifetime,  to  transfer 
to  Trustees  for  The  Institution  of  Electrical  Engineers 
as  a  thank-offering  to  God   for  mercies  vouchsafed  to 


him  during  the  War,  a  sum  of  ^2,000  5%  War  Loan 
and  in  the  following  terms,  viz.  : — 

The  interest  on  this  Stock  to  be  applied  in  such 
a  way  as  the  Council  of  The  Institution  of  Electrical 
Engineers  in  its  uncontrolled  discretion  may  think  fit 

(a)  in  the  first  place,  to  assist  the  education  of  one 

or  more  of  those  of  our  countrymen,  not  being 
a  conscript,  who  has  or  have  served  Overseas 
during  the  Great  War,  and  who  is  or  are 
anxious  to  enter  the  Profession  of  an  Electrical 
Engineer,  and 

(b)  in  the  second  place  and  subject  thereto,  to  pro- 

mote  general   Electrical    Research. 

Will  you  kindly  inform  us  of  the  names  of  the  Trustees 
to  whom  the  Council  desires  us  to  transfer  the  Stock  ? 
We  are.  Sir, 

Your  obedient  Servants, 

(Signed)     John  Snell. 
(Signed)     Sydney  Morse. 
I 

(9)  Associate  Me.mbership  Ex.\mination. 

j  In  view  of  the  return  to  normal  conditions,  the 
I  Council  have  rescinded  the  suspension  of  the  Associate 
Membership  Examination  Rules,  and  in  future,  except 
as  provided  below,  candidates  for  Associate  Membership 
who  do  not  possess  one  of  the  exempting  certificates  or 
diplomas  or  have  not  submitted  a  satisfactors-  thesis 
j  will  be  required  to  pass  the  Examination.  In  the 
case  of  applicants  who  have  attained  the  age  of  35. 
the  Council  may  in  their  discretion  dispense  with  the 
examination  and  the  thesis. 

(lo)  The  Institution  Building. 
The  Council  very  much  regret  to  state  that  their  efforts 
for  the  reinstatement  of  the  Institution  in  its  Building 
have  so  far  proved  unsuccessful.  Arrangements  are 
being  made  for  a  deputation  of  the  Council  to  wait 
on  H.M.  Commissioner  of  Works  to  urge  the  necessity 
for  early  reinstatement. 

(11)  Members'  Subscriptions. 
The  return  of  the  Institution  to  its  own  premises 
will  compel  special  reconsideration  of  financial  provi- 
sion for  the  future.  Practically  all  expenses  of 
administration  and  the  cost  of  everything  that  the 
Institution  has  to  buy  have  shown  a  considerable 
advance  since  the  Institution  was  in  its  own  home  ; 
and  when  it  returns  to  adequate  accommodation  and  full 
activities,  it  is  more  than  probable  that  the  revenue 
will  fall  short  of  the  actual  requirements,  notwithstand- 
ing the  exercise  of  the  strictest  economy.  If  the 
activities  of  the  Institution  are  to  be  maintained 
and  extended  some  increase  in  the  subscriptions  mav 
have  to  be  proposed. 

{12)  Library. 

Owing  to  the  continued  retention  of  the  Institution 
Building  by  H.M.  Office  of  Works,  the  bulk  of  the 
Institution  Reference  Library,  the  entire  Ronalds' 
Library,  and  the  collection  of  historic  apparatus  in 
the  possession  of  the  Institution  are  still  inaccessible 
to  members. 
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By  kind  courtesy  of  the  Council  of  the  Institution 
of  Civil  Engineers,  the  Library  and  Reading  Rooms 
of  that  Institution  continue  to  be  at  the  disposal  of 
members.  The  Library  and  Reading  Rooms  are  open 
on  weekdays  from  9.30  a.m.  to  5.30  p.m.,  excepting  on 
Saturdays,  when  they  are  closed  at  i  p.ni. 

During  the  past  year  167  books  and  pamphlets  have 
been  presented  to  the  Reference  Library  by  members 
and  others. 

The  Council  wish  to  remind  members  that  the 
Lending  Library  is  available  for  those  who  wish  to 
borrow  books.  During  the  year  667  books  were  issued 
to  300  borrowers,  the  corresponding  numbers  in  the 
previous  year  being  497  and  205  respectively.  The 
catalogue  is  under  revision,  and  copies  will  be  obtain- 
able on  application  at  an  early  date. 

(13)  Museum. 

A  number  of  valuable  acquisitions  to  the  Museum 
have  been  made  during  the  past  year,  notably  from  the 
laboratory  of  the  late  Sir  William  Crookes,  O.M.,  a 
Past-President  of  the  Institution.  The  list  of  additions 
is  as  follows  ; — 


Apparatus  from  the  Laboratory  of 

the  late  Sir  William  Crookes,  O.M. 

21  early  forms  of  radiometers  and 
spectrum  tubes. 

A  collection  of  tubes  containing 
meteoric  gases. 

10  early  types  of  glow  lamps. 

An  early  pattern  telephone  re- 
ceiver. 

A  McLeod  gauge. 

A  vacuum  pump. 

A  large  induction  coil. 

A   spectrograph,  including   maps, 

volumes  and  original  negatives. 
A    collection    of    vacuum     tubes 

(1891). 
A  Moissan  furnace. 
An  early  form  of  electric  arc  lamp. 
A  chemical  balance. 

Other  Apparatus,  etc. 
A   collection   of   German   wireless 

apparatus. 
An  early  Edison  dynamo. 

A  collection  of  papers,  letters, 
MSS.,  etc.,  of  electrical  interest 
from  about  1865  to  191S,  and  a 
number  of  engravings  and 
photographs  of  old  telegraph 
apparatus. 

A  Kelvin  electrical  balance. 


How  Acquired. 
Presented     by     Bernard 
Crookes. 

do. 
do. 

do. 

do. 
Presented      by      G.      L. 

Addenbrooke. 
Purchased. 

do. 

do. 
do. 
do. 
do. 

Presented    by    the    ^^"a^ 

Office. 
Presented     by     R.     W. 

Paul. 
Presented  by  J.  J.  Fahie. 


Presented 
Hunter. 


by     C. 


The  Council  desire  to  acquire  apparatus  of  interest 
.  in  connection  with  the   War,  and   members  possessing 
or    able    to    obtain    such    apparatus    are     invited     to 
communicate  with  the  Secretary. 

(14)    Ordinary  Meetings. 

The    Ordinary    Meetings    held    in    London    for    the 
reading  and  discussion  of  papers  have  been  well  attended. 


(15)   Territorial  Centres  and  Sub-Centr-es. 

The  representation  of  Territorial  Centres  on  the 
Council  by  their  Chairmen  and  Past  Chairmen  keeps 
the  various  Territorial  Committees  in  close  touch  with 
the  work  of  the  Council,  and  on  the  other  hand  the 
activities  of  the  Territorial  Committees  in  association 
with  local  bodies  concerned  with  education,  scientific 
libraries,  training  of  disabled  men,  employment  of 
demobilized  men,  and  commerce,  provide  for  a  repre- 
sentation of  the  views  of  the  Institution  which  would 
otherwise  be  difficult  to  secure.  The  work  of  the 
Territorial  Centre  Committees  is  regarded  by  the 
Council   as   of  the  utmost  value   to   the  Institution. 

During  the  session  Sub-Centres  of  the  Territorial 
Centres  have  been  formed  at  Aberdeen,  Dundee, 
Liverpool,  Preston,  Loughborough  and  Sheffield.  The 
Council  hope  that  the  formation  of  these  Sub-Centres 
will  further  increase  the  interest  in  the  affairs  of  the 
Institution  of  those  members  who  have  found  it  difficult 
hitherto  to  attend  meetings  of  the  Territorial  Centres. 

The  Council  have  drawn  up  Rules  for  conducting 
the  business  of  the  Sub-Centres. 

The  Meetings  at  the  various  Territorial  Centres 
and  Sub-centres  have  been  well  attended  and  have 
included  social  reunions,  dinners  and  informal  meetings. 

During  the  Session  the  President,  Mr.  Roger  T.  Smith, 
visited  each  of  the  Territorial  Centres  in  Great  Britain 
and  also  the  Sub-Centres  at  Liverpool  and  Shefiield, 
where  his  presence  was  much  appreciated. 

(16)  Wireless  Section. 

The  Wireless  Section  of  the  Institution  which  was 
formed  in  the  Spring  of  1919  has  since  its  formation 
held  8  meetings,  at  which  papers  dealing  for  the 
most  part  with  the  development  of  Wireless  Telegraphy 
and  Telephony  during  the  War  have  been  read  and 
discussed.  The  average  attendance  at  these  meetings 
was  over  140. 

The  Council  have  drawn  up  rules  for  conducting 
the  business  of  the  Section,  and  they  will  be  brought 
into  operation  at  the  t>eginning  of  next  session. 

(17)   Informal  Meetings. 

The  Council  have  received  from  the  Informal  Meetings 
Committee  a  highly  satisfactory  report,  of  which  the 
following  is  an  abstract. 

Eight  Informal  Meetings  have  been  held  during  the 
current  session,  the  matters  under  discussion  being  the 
following  : — 

Subject  oj  discussion. 

"  Engineering  Advertising." 

"  Some  Reflections  on  Labour." 

"  Functions  of  a  Trade  Journal." 

"  Engineering  Experiences  during 
the  War." 

"  Automatic  Telephony  for  Private    A.  B.  Eason 
Branch  Exchanges." 

"  The  Future  of  Labour  in  the  Engi- 
neering Industry." 

"  Industrial  Electric  Heating." 


Introduced  by 
W.  E.  Warrilow. 
R.  Rankin. 
F".  H.  Masters. 
Major  T.  Rich. 


R.  E.  Dickinson. 


GrouD  versus  Individual  Drive  by 
Electric  Motors." 


J.  \V.  Beauch.^mp  and 

S.  M.  Hills. 
G.  H.  Ayres. 
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The  attendances  have  ranged  up  to  80  and  the 
discussions  have  been  well  sustained  and  full  of 
interest. 

A  highly  successful  Smoking  Concert  was  given  at 
the  Albert  Tavern  on  March  29th,  1920,  at  which  120 
members  were  present. 

Eight  Committee  Meetings  have  been  held.  The 
Committee  now  consists  of  Messrs.  R.  Rankin  (Chair- 
man), W.  E.  Bradshaw,  R.  D.  Gifford.  A.  F.  Harmer, 
S.  M.  HiUs,  G.  C.  Law,  F.  Pooley,  W.  E.  Warrilow, 
and  W.  L.  Wreford. 

The  meetings  which  were  originally  arranged  to  be 
held  at  monthly  intervals  have  proved  so  popular 
that  they  are  now  held  fortnightly,  the  subjects  for 
discussion  being  readily  forthcoming,  and  the  attendance 
well  sustained. 

The  Council  hope  that  the  interest  shown  will  be 
continued,  and  that  the  senior  members  of  the  Institu- 
tion will  as  hitherto  help  by  their  attendance  at  the 
meetings  and  by  taking  part  in  the  discussions. 

(18)  Students. 

.  Since  the  Armistice  the  Students'  Sections  have 
shown  considerable  increased  activity,  and  the  Council 
are  also  pleased  to  record  the  formation  of  a  new- 
Students'  Section  in  connection  with  the  Liverpool 
Sub-Centre.  The  total  number  of  Students'  Meetings 
was  27,  and  in  addition  a  number  of  interesting  visits 
to   works   were   paid   during   the   session. 

Addresses  to  the  Students'  Section  in  London  were 
given  by  the  President  (Mr.  Roger  T.  Smith),  and 
Mr.  A.  P.  Trotter. 

The  great  expansion  of  the  work  of  electrical  engineers 
which  is  taking  place  in  all  parts  of  the  world  makes  it 
in  the  opinion  of  the  Council  of  particular  importance 
at  the  present  time  for  the  Institution  to  have  regard 
to  the  interests  of  the  younger  members. 

It  may  therefore  be  of  interest  to  record  the  special 
facihties  which  exist  for  them,  in  addition  to  the 
benefits  of  membership  which  they  share  with  other 
classes. 

Students'  Meetings  and  Lectures  are  held  in 
London  and  at  certain  Territorial  Centres.  Premiums 
are  awarded  for  Students'  papers,  and  in  addition  to 
the  Institution  premiums  the  'Council  have  pleasure 
in  acknowledging  the  generous  action  of  the  B.E.A.M.A. 
in  making  special  awards  for  contributions  to  their 
Journal  from  Institution  Students. 

The  advantages  of  the  lending  library  are  open  to 
Students,  and  the  Council  note  with  approval  the 
increased  use  which  is  being  made  of  it. 

(19)  Meetings. 

A  statement  of  the  total  number  of  meetings  and 
conferences  held  during  the  past  twelve  months  will  be 
found  in  Appendix  A  to  this  Report. 

(20)  Conversazione. 

A  Conversazione  and  Reception  to  meet  members  of 

the  Institution  who  had  served  in  H.M.  Forces  during 

the   War   was  held   at   the   Natural   History   Museum, 

Cromwell  Road,  S.W.,  on  Wednesday,  the  25th  June, 

Vol.  58. 


1919.     On  this  occasion  a   short  Address  of  Welcome 
to   the  large  number  of  service  members  present  was 
given  by  the  then  President,  Mr.  C.  H.  Wordingham 
C.B.E. 

(21}  Annual  Dinner. 
Since  the  last  Report  the  Annual  Dinners  of  the 
Institution  for  1919  and  1920  have  taken  place  at  the 
Connaught  Rooms,  Great  Queen  Street,  London,  W.C., 
on  the  26th  June,  1919,  and  4th  March,  1920,  re- 
spectively. Both  functions  were  attended  by  large 
numbers  of  members  and  distinguished  guests. 

(22)  Deputation  to  Holland. 

By  invitation  of  the  Dutch  Association  of  Electricity 
Works'  Managers,  a  small  deputation  of  members  of 
the  Institution,  representative  of  the  various  branches 
of  the  industry,  visited  Holland  in  September,  1919. 
The  visit  was  of  great  interest  to  the  deputation,  and 
a  detailed  Report  appeared  in  last  year's  Journal 
(No.  285,  Institution  Notes,  p.  34). 

Arrangements  are  being  made  for  a  return  visit  of 
Dutch  Engineers  to  this  country  in  July  next.  It  is 
hoped  that  the  visitors  will  also  take  part  in  the 
Summer  Meeting  of  the  Institution  at  its  Western 
Centre. 

{zi)  Papers. 
A  list  of  the  papers  read  during  the  session  1919-20, 
and   also   of    those  published   without    being    read    at 
meetings,  will  be  found  in  Appendix  B  to  this  Report. 

(24)  Kelvin  Lecture. 
The  Eleventh  Kelvin  Lecture  was  delivered  by 
Dr.  C.  V.  Drysdale,  Member,  on  the  15th  April,  1920, 
the  subject  of  the  lecture,  at  which  there  was  a  good 
representative  attendance,  being  "  Modem  Marine 
Problems."  The  lecturer  dealt  with  some  of  the  new 
discoveries  made  during  the  War  in  the  detection  of 
ships,  submarines  and  icebergs,  and  determining  the 
position  of  ships  and  land  and  sea  stations  under 
conditions  of  invisibilitv. 

(25)   Premiums. 
The  premiums  awarded  by  the  Council  for  papers  will 
be  announced  at  the  Annual  General  Meeting. 

(26)   Scholarships. 

The  following  Scholarships  have  been  awarded  by  the 
Council  : — 

David  Hughes  Scholarships. 
(Value  £^0  ;    tenable  for  one  year.) 
D.  S.  Anderson  (Royal  Technical  College,  Glasgow). 
B.  A.  Cronin  (University  College,  Cardiff). 
P.  D.  Morgan   (King's  College,  London). 

Salomons  Scholarships. 
(Value  /50  ;    tenable  for  one  year.) 
H.  J.  Barriscale  (University  College,  Cork). 
R.  Cribbes  (Heriot  Watt  College,  Edinburgh). 
J.  C.   Reid  (Bristol  University). 
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Paul  Scholarship. 
(Value  £25  ;     tenable  for  one  year.) 
F.  E.  Price  {Finsbury  Technical  College). 

This  is  the  first  occasion  on  which  effect  has  been 
given  to  the  Council's  decision  to  extend  the  scope  of 
the  David  Hughes  and  Salomons  Scholai  ships  by 
opening  them  to  Students  in  the  provinces. 

(27)  Loc.\L  Centre  in  Argentina. 

The  Council  are  glad  to  report  that  a  further  Local 
Centre  of  the  Institution  abroad  has  been  established 
for  Argentina,  with  headquarters  at  Buenos  Aires. 

(28)   The  Council's  Work. 

The  Session  has  been  an  active  one  and.  in  addition 
to  the  continuance  of  the  ordinary  work  of  the 
Institution,  the  Council  have  given  consideration  to 
special  matters  affecting  the  interests  of  members 
and  of  the  industries  in  which  they  are  engaged  ;  and 
they  have  taken  action,  either  independently  or  in  co- 
operation with  other  bodies,  in  promoting  new  develop- 
ments which  they  considered  likely  to  be  beneficial  to 
electrical  engineers  and  in  the  safeguarding  of  the 
interests   of   members. 

The  Council  have  been  encouraged  in  their  work  by 
the  large  increase  of  membership  which  has  taken  place 
since  the  termination  of  the  War  and  by  the  increased 
appreciation  of  the  work  of  the  Institution  which  is 
thus  apparent. 

The  work  of  the  Council  and  of  its  Committees  has 
involved  a  considerable  call  on  the  time  of  the  mem- 
bers of  Council,  many  of  whom  are  provincial  members 
and  have  to  travel  far  to  attend. 

(29)  National  Electrical  Proving  House. 

The  Committee,  consisting  of  representatives  of 
various  interested  bodies  and  appointed  b}'  the  Council,' 
has  reported  on  the  question  of  an  Electrical  Proving 
House.  The  Committee's  Report  has  been  considered 
by  the  Board  of  Trade,  and  in  the  summary  of  the 
Government's  proposals  published  in  .\ugust  1919  the 
matter  was  referred  to  as  follows  ; — 

"  It  is  proposed  to  set  up  at  the  Board  of  Trade 
a  Department  of  Standards,  (i)  to  promote  and  co- 
ordinate standardization  generally,  and  (2)  to  establish 
and  administer  such  testing  institutions  as  may  be 
found  necessary,  and  authorise  and,  so  far  as  may  be 
required,  supervise  the  testing  work  carried  out  by 
technical  institutions,  trade  organizations  or  private 
concerns. 

(30)  Electricity  Supply  Bill. 

In  July  igig  the  Council  addressed  a  memorandum 
to  the  Prime  Minister,  the  full  text  of  which  will  be  found 
in  the  Journal  (vol.  57,  Institution  Notes,  No.  15,  p.  38). 

Under  the  terms  of  the  Electricity  Supply  Act,  which 
passed  into  law  on  the  23rd  December,  1919,  five 
Commissioners  have  been  appointed,  of  whom,  the 
Council  are  pleased  to  put  on  record,  three  are  Members 
of  the  Institution. 


The  Commissioners  appointed  are  the  following  ; — 

Sir  John  Snell,  Member  (Chairman). 

Mr.  H.  Booth,  O.B.E. 

Sir  H.   E.   Haward. 

Mr.  W.  W.  Lackie,  C.B.E.,  Member. 

Mr.   A.  Page,  Member. 

In  accordance  with  the  King's  speech  at  the  opening 
of  the  present  session  of  Parliament,  a  further  Bill  has 
been  introduced  in  the  House  of  Commons,  and  is  now 
under  consideration.  It  is  recei%'ing  the  close  attention 
of  the  Council. 

(31)   Patent  Law  Amendment. 

The  efforts  of  the  Institution  Patents  Committee  to 
obtain  certain  improvements  in  the  Patent  Law,  referred 
to  in  last  year's  Annual  Report,  were  continued  in 
association  with  other  Institutions  in  connection  with 
the  passing  through  Parliament  of  the  new  law  (Patents 
and  Designs  Act  191 9),  with  the  effect  that  certain 
modifications  were  made,  but  on  the  whole  the  result 
was  disappointing. 

(32)   Coal  Prices  and  Supplies. 

During  the  session  several  Deputations  representative 
of  Electricity  Supply,  and  organized  by  the  Institution, 
were  received  by  the  Controller  of  Coal  Mines  in  regard 
to  coal  prices  and  supplies  and  giving  to  the  consumer 
the  benefit  of  the  rebate  on  coal  used  for  domestic 
purposes. 

The  Council  regret  that  from  the  point  of  view  of 
Electricity  Supply  Stations  the  question  of  coal  prices 
and  supplies  is  still  on  a  very  unsatisfactory  basis,  and 
they  have  arranged  for  further  conferences  to  consider 
the  matter  and  make  further  representations  to  the 
Government  Departments  interested. 

(55)  Overhead  Power  Lines. 

The  Committee  appointed  by  the  Council  last  Session 
to  consider  and  report  on  Regulations  for  Overhead 
Power  Lines  (excluding  tramway  working  conductors) 
will  shortly  present  its  first  Report  to  the  Council. 

(34)   Registration  of  Civil  Engineers. 

The  Civil  Engineers'  Registration  Bill,  promoted  bv 
the  Institution  of  Civil  Engineers,  received  the  most 
careful  attention  of  the  Council  and  of  a  Special  Com- 
mittee during  the  period  under  review.  In  the  event 
of  the  Institution  of  Civil  Engineers  having  proceeded 
with  their  original  proposal  the  Council  had  made 
arrangements  to  ascertain  without  delay  the  views  of 
the  members  as  a  whole  and  to  act  accordingly.  The 
original  proposal  was,  however,  amended,  and  subse- 
quently the  Council  discussed  the  matter  with  the 
Institution  of  Civil  Engineers.  Since  then,  the  latter 
body  have  intimated  that  it  is  not  their  intention  to 
proceed  further  with  a  Bill  in  the  present  session  of 
Parliament.  Negotiations  in  such  a  matter  are  neces- 
sarily confidential,  and  the  Council  cannot  publish 
details,  but  desire  members  to  know  that  their  interests. 
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together  with  those  of  the  whole  engineering  profession 
with  which  they  are  bound  up,  have  their  first 
consideration. 

(35)    Institution  "  Journal." 

The  amount  of  matter  received  for  the  Journal 
continues  to  increase,  and  the  papers  and  communi- 
cations pubhshed  cover  a  wide  range  of  subjects.  The 
heavy  cost  of  pubhcation  has,  however,  had  the  effect 
of  preventing  the  pubhcation  of  valuable  matters 
which  would   otherwise  have  appeared  in  the  Journal. 

With  the  object  of  making  the  Journal  of  the  greatest 
value  to  the  members  a  Committee  of  the  Council  have 
under  consideration  the  question  of  its  future  form, 
and  whether  with  a  view  to  economy  it  should  be 
divided  into  sections  of  interest  to  various  groups  and 
circulated  accordingly. 

The  Council  will  welcome  suggestions  from  members 
in  regard  to  improving  the  Journal. 

(36)  "  Science  Abstracts." 

The  Physics  volume  of  "  Science  Abstracts  "  for 
ijy  19  showed  an  increase  in  size  over  that  for  1918,  while 
the  Electrical  Engineering  volume  was  of  the  same 
.size  as  in   1918. 

Owing  to  the  continued  increase  in  the  cost  of  the 
publication,  the  Council  regret  they  have  been  com- 
pelled to  increase  the  subscription  rates. 

(37)  Wiring  Rules. 
The  Council  have  decided  to  undertake  a  complete 
revision  of  the  Wiring  Rules.  The  Committee,  which 
is  now  under  the  Chairmanship  of  Mr.  C.  H.  Wordingham, 
has,  in  order  to  deal  with  the  work  as  thoroughly 
and  expeditiously  as  possible,  set  up  the  following 
Sub-Committees  under  the  respective  Chairmen  named  : 


Sub-Committee. 
(i)  Cables,  Wires  and  Flexibles 
<2)   Earthing 

(3)  Fittings        

(4)  Motors,  Arc  Lamps,  Resist- 

ances, Hearing  Apparatus, 
etc. 


Chairman. 
Mr.  W.  Cross. 
Mr.  W.  R.  Rawlings. 
Mr.  J.  R.  Dick. 


Mr.  J.  R.  Cowie. 


(5)  Planning  of  Installations  .  .     Mr.  S.  G.  C.  Russell. 


{(>)   Editing 


Mr.  C.  H.  Wordingham. 


Pending  the  complete  revision,  a  table  of  current- 
carrying  capacities  of  cables  was  issued  in  October  1919 
in  connection  with  the  British  Engineering  Standards 
.\ssociation's  new  list  of  standard  sizes  of  copper  con- 
ductors. The  minimum  permissible  size  of  conductor 
has  also  been  revised. 

The  Committee  has  been  strengthened  by  an  addi- 
tional representative  of  the  Electrical  Contractors' 
Association  and  by  a  representative  of  the  Association 
of  Supervising  Electricians. 

(38)   Regulations  for  the  Electrical  Equipment 
OF  Ships. 

The  Regulations  for  the  Electrical  Equipment  of 
Ships  were  published  in  September  1919,  and  have 
been  very  favourably  received. 


Lloyd's  Register  of  Shipping  have  decided  to  issue 
a  new  set  of  electrical  regulations  for  work  done  under 
their  survey,  and  have  embodied  in  them  the  Institu- 
tion's Regulations.  The  Council  note  this  action  with 
much  gratification,  since  it  will  tend  to  the  establishment 
of  a  satisfactory  standard  of  work  on  mercantile  ships, 
at  the  same  time  showing  that  the  work  of  the  Com- 
mittee has  already  proved  of  ser\-ice  to  the  shipping 
industry. 

Any  suggestions  and  the  published  criticisms  of 
the  Rules  will  be  considered  bv  the  Standing  Sub- 
Committee  in  order  that  a  re\ision  may  take  place 
when  found  necessary-. 

During  the  year  one  meeting  has  been  held  of  the 
Standing  Sub-Committee,  when  an  important  discussion 
took  place  on  the  status  of  sea-going  electricians, 
with  the  result  that  the  Council  have  communicated 
the  following  Resolution  to  the  Board  of  Trade  : 

That  in  view  of  the  growth  in  the  use  of  electrical 
power  on  ships,  it  would  be  desirable  that  the  Board 
of  Trade  should  consider  the  adWsability  of  holding 
examinations  and  granting  certificates  to  duly  qualified 
electricians  on  sea-going  ships." 

The  Council  have  also  expressed  their  willingness 
to  prepare  an  examination  scheme,  if  required. 

(39)  Maintenance  .\greement  for  Secondary 
Batteries. 

The  Council  regret  that  owing  to  conditions  beyond 
their  control  very  little  progress  has  been  made  with 
the  preparation  of  a  Standard  Maintenance  Agreement 
for  Batteries. 

(40)   The  Institution  and  Bodies  on  w-hich   it  is 
Represented. 

For  the  convenience  of  members,  there  is  attached 
hereto  (Appendix  C)  a  diagram  showing  the  organization 
of  the  Institution  and  its  relation  to  other  bodies. 


(41)  Institution  of  Engineers  (India). 

The  Council  have  given  their  cordial  support  to  the 
formation  of  the  Institution  of  Engineers  (India). 
One  of  the  main  objects  of  the  new  Institution  is  to 
raise  the  status  of  all  branches  of  the  engineering  pro- 
fession in  India,  and  as  a  mark  of  their  interest  the 
Council  have  offered  for  five  years  on  behalf  of  the 
Institution  of  Electrical  Engineers  an  annual  premium 
of  the  value  of  £20  for  the  best  paper  on  an  electrical 
subject  read  befoie  the  new  body. 

(42)   International  Electrotechnical  Commission. 

During  the  past  year  the  International  Electro- 
technical  Commission  have  recommenced  their  activities, 
and  in  addition  to  the  Plenary  Meeting  held  in  London 
in  October  last,  a  meeting  of  a  number  of  its  Advisory- 
Committees  was  held  recently  in  Brussels  under  the 
Chairmanship  of  the  President  of  the  Commission, 
Dr.  C.  O.  Mailloux,  and  M.  Omer  de  Bast,  Chairman 
of    the    Belgian    National    Electrotechnical   Committee. 
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The  British  Electrical  Industry  was  represented  by 
Mr.  C.  H.  Wordingham,  C.B.E.,  Major  K.  Edgcumbe, 
R.E.(T),  Mr.  A.  R.  Everest,  Mr.  C.  Rodgers,  Mr.  A.  J. 
Stubbs,  Mr.  C.  C.  Wharton,  and  Mr.  W.  B.  Woodhouse. 

Rapid  progress  is  being  made  in  regard  to  Inter- 
national Rating  of  Electrical  Machinery,  and  Part  I 
of  the  I.E.C.  Rating  Rules  dealing  with  small  machines 
is  now  available  ;  Part  II,  dealing  with  large  machines, 
is  now  under  discussion,  and  at  the  Brussels  Meeting 
proposals  of  the  American  Committee  regarding  the 
question  of  Embedded  Temperature  Detectors  were 
very  fully  discussed. 

The  question  of  Nomenclature  and  of  Graphical 
Symbols  is  being  dealt  with  as  rapidly  as  possible. 

(43)   British  Engineering  Standards  Association. 

During  the  past  year  a  large  expansion  has  taken 
place  in  the  work  of  the  Electrical  Section.  Consider- 
able progress  has  been  made  with  many  matters  of 
great  importance  to  the  Electrical  Industry. 

The  closest  possible  co-operation  with  the  Electrical 
Research  Committee  is  assured,  and  some  of  the  B.E.S.A. 
Panels  have  taken  steps  in  conjunction  with  that 
Committee  to  inaugurate  the  necessary  research  work, 
particularly  in  regard  to  control  gear. 

(44)  Electrical  Rese.\rch  Committee. 

The  organization  of  the  Electrical  Research  Com- 
mittee referred  to  in  the  last  Annual  Report  has  been 
proceeded  with  and  is  now  nearlj'  complete. 

The  organization  provides  for  (a)  Sectional  Committees 
acting  in  an  advisory  capacity  and  representative  of 
the  interests  in  (i)  a  given  section  of  the  industry,  or 
(ii)  a  given  group  of  materials,  and  {b)  Sub-Committees 
of  experts  with  executive  powers  acting  imder  the 
Sectional  Committees. 

The  researches  already  in  hand  have  been  brought 
into  full  activity,  and  a  comprehensive  programme  for 
the  future  has  been  prepared.  It  is  anticipated  thaU 
funds  will  be  available  for  a  minimum  expenditure  of 
at  least  ;{i6,ooo  per  annum  for  State-aided  researches, 
with  provision  for  large  extensions. 

The  researches  initiated  by  the  Institution,  viz. 
Buried  Cables,  Insulating  Oils,  Insidating  Materials, 
Magnet  Steels,  etc.,  are  being  continued  under  the 
control  of  the  Committee  and  arrangements  are  in 
hand  for  a  rapid  extension  of  programme.  Further 
important  researches  are  already  under  consideration 
in  connection  with  electric  control  apparatus,  magnet 
steel,  phosphor  bronze,  electric  welding,  overhead  line 
wires,   furnace  carbons,  and  other  matters. 

(45)   Electrical  Dev'elopment  Association. 

The  Electrical  Development  Association,  the  forma- 
tion of  which  was  referred  to  in  the  last  Annual  Report 
as  having  been  initiated  by  the  Institution,  has  been 
successfully  established,  and  is  doing  most  important 
and  useful  work  for  the  electrical  industry.  The  Council 
earnestly  hope  that  the  Association  will  receive  practical 
support  from  the  Manufacturing  and  Supply  sections 
of   the    Industrj-. 


(46)  Proposed  Society  of  Radiographers. 

The  Draft  Memorandum  and  Articles  of  Association 
of  the  proposed  Society  of  Radiographers,  prepared  by 
a  Committee  consisting  of  four  members  nominated 
by  the  Institution,  four  nominated  by  the  British 
Society  of  Radiologists  and  Phj'sio-Therapists,  and 
four  Radiographers,  have  been  approved  by  the  Board 
of  Trade.  The  principal  objects  of  the  Society  are 
to  ensure  that  only  adequately  trained  radiographers 
are  employed  in  electro-medical  work  and  to  promote 
the  science  and  practice  of  radiography.  It  is  expected 
that  the  organization  of  the  Society  will  be  completed 
at  an  early  date.  Full  particulars  will  be  published 
in  the  Journal  in  due  course. 

(47)  Nitrogen  Products  Committee. 

The  Council  were  asked  by  the  Ministry  of  Munitions 
in  igi6  to  nominate  a  representative  of  the  Institution 
to  serve  upon  the  Nitrogen  Products  Committee  which 
was  then  being  set  up  to  investigate  the  problem  of 
the  fixation  of  atmospheric  nitrogen  for  the  manu- 
facture of  high  explosives,  and  also  for  the  produc- 
tion of  fertilizers  during  times  of  peace. 

This  Committee  sat  continuously  from  the  autumn 
of  1916  until  their  final  Report  was  presented  in  May 
1919.  This  Report  has  since  been  issued  as  a  ParUa- 
mentary  Paper  {Cmd.  482). 

The  Institurion's  representative  was  appointed  Chair- 
man of  the  Power  Sub-Committee  of  the  Nitrogen 
Products  Committee,  and  a  letter  of  appreciation  has 
been  received  from  the  Ministry  of  Munitions  acknow- 
ledging the  services  which  the  Institution  rendered 
in  this  important  work. 

(48)  Ministry  of  Transport. 

In  response  to  a  request  from  the  Ministry  of  Trans- 
port, the  Council  have  nominated  the  following  Members 
to  represent  the  Institution  on  the  Advisory  Panels 
from  which  Committees  of  the  Ministry  are  selected  : 


The  President, 
Mr.  LI.  B.  Atkinson. 
Sir    James    De\-onshire, 

K.B.E. 
Mr.  J.  S.  Highfield. 


Mr.  Roger  T.  Smith. 
Sir  John  Snell. 
Mr.  C.  P.  Sparks,  C.B.E. 
Mr.    C.    H.    Wordingham, 
C.B.E. 


(49)  Annual  Accounts. 

Excess  of  Income  over  Expenditure. — After  making 
full  provision  for  contingencies  there  is  a  margin  to 
the  good  on  the  Revenue  Account  for  1919  of  ;fi,493 
3s.  3d.  This  amount,  which  has  been  carried  to  the 
credit  of  the  General  Fund,  compares  with  ;^i,270  i  is.  5d. 
in   1918,  an  increase  of  ^224  iis.   lod. 


]\Torigages. — 

In  the  Accounts  for  191S  these  stood  at 
Amount  of  repayment  during  the  year 

Thev  now  stand  at 


C  s.  d. 

31.074  i  5 

875  18  o 

30,198  5  5 
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Life  Compositions  Fund. — The  total  of  the  Fund  on 
the  1st  January,  1919,  was  £5,202  3s.  od.,  and  a  further 
amount  of  /321  6s.  od.  was  received  in  payment  of  Life 
Compositions  during  the  year,  a  total  of  £^5,523  gs.  od. 
Out  of  this  the  sum  of  £iog  los.  od.  has  been  transferred 
to  the  General  Fund,  in  accordance  with  the  Articles  of 
Association,  on  account  of  Life  Compositions  of  members 
deceased  during  the  j'ear,  leaving  to  the  credit  of  the 
Fund  £5.413   19s.  od. 

Building  Fund. — This  has  been  augmented  during 
the  year  by — 

£      5.     d. 
Donations,  Subscriptions,  etc.  .  .  . .        17  10     o 

Contribution  out  of  Institution  Revenue     ..     858     8     o 

;£875   18     o 


which  amount  was  applied  in  reduction  of  the  Economic 
Life  Assurance  Society's  mortgage,  as  shown  above. 

With  the  approval  of  the  Auditors,  it  has  been  decided 
to  merge  this  Fund  into  the  General  Fund,  and  effect 
has  been  given  to  this  in  the  Accounts  of  the  past  year. 

.4ssets. — Taking  the  Tothill-street  Property  and  the 
Investments  at  cost,  and  the  Institution  Building  and 
Lease,  the  Library'  and  Furniture,  etc.,  at  the  values 
standing  in  the  books  after  writing  off  depreciation — 


the  Assets  amoimt  to 
against  Liabilities. . 

leaving  a  sui-plus  of 

which  is  made  up  as  follows  : — 

£       5.  d. 

Life  Compositions  Fund  ^,413   19  o 

Kelvin  Lecture  Fund      .  .  648   13  o 

Foreign  \"isit  Fund  .  .  y2    14  2 

Reserve  Fund      .  .  ..11 ,000     o  o 

General  Fund       ..  ..    80,834   i-^  8 


£  s.  d 

141,211  16  2 

43.^21  17  4 

;£97.9S9  18  10 


97,989   18   10 


This  balance,  in  compari.son  v.  ith  that  of 

1918,  viz.  ..  ..  ..  ..      91,749     2     3 


shows  an  improvement  for  1919  of 


;^6,240  16     7 


(50)   Investment. 

,  Since  the  accounts  for  1919  were  closed,  a  further 
£2,000  5I  %  Exchequer  Bonds  (1925)  has  been  pur- 
chased bv  the  Institution. 


APPF,NDIX   A. 


Meetings. 


The  following  is  a  list  of  the  meetings  held  during 
the  past  twelve  months  : — 


Ordinary  Meetings 
Wireless  Sectional  Jleet 

ings      .  . 
Informal  Meetings 
Council  Meetings 
Territorial  Centres  : 

Irish    . . 

Xorth-Eastern 

North  Midland 

North-\\'estern 

Scottish 

South  Alidland 

Western 
Territorial  Sub-Centres 

East-Midland 

Liverpool 

Preston 

Sheffield 

Tees-side 
Students'  Sections  :- 

London 

Liverpool 

Jlanchester     . . 

Newcastle 

Scottish 
Committees  : — 

Benevolent  Fund 

Electric  Power  Supply 


8 
12 
18 

3 
II 

4 
9 
5 
9 
4 

3 
3 
4 
5 


Engineers'      Registra- 
tion          8 

Finance  . .  . .      14 

General  Purposes      . .       9 
Informal  Meetings  (and 

Sub-Committee)     . .        8 
Membership   . .  . .        9 

Overhead  Power  Lines 
(and     Sub-Commit- 
tees) . .  .  .        4 
Papers             .  .          .  .        7 
Patent  Law    .  .           . .        8 
Research     (and     Sub- 
committee)            .  .        2 
Ship  Electrical  Equip- 
ment           . .           .  .        2 
Society   of    Radiogra- 
phers          .  .          . .        2 
Territorial  Centres    . .        2 
War  Jlemorial            .  .        2 
Wireless  Section        .  .        S 
Wiring      Rules      (and 

Sub-Committees)  . .        5 
Other  Committees  and 
various  Conferences     21 

Total..  ..    271 


APPENDIX   B. 

Papers. 

The   following  is   a   list   of  papers  read   during   the 
Session  1919-20  : — 

Papers  read  at  Meetings. 

Title. 
Chairman's    .\ddress    (Korth-Eastern 

Centre). 
"  Overhead    and    live-rail    conductor 

systems." 
"  Modern  marine  problems  "  (Eleventh 

Kelvin  Lecture). 

"  Duplex  wireless  telephony  :  some 
experiments  on  its  application 
to  aircraft." 
'  The  protection  of  alternating-cur- 
rent distribution  systems  with- 
out the  use  of  special  conduc- 
tors." 
'  Chairman's  .\ddress  (Western  Cen- 
tre). 


A  iithor. 
W.  Cross,  Member. 

P.  Dawson,  Member. 

C.  V.  Drysdale, 
O.B.E.,  D.Sc, 
Member. 

Capt.  P.  P.  EcKERS- 

LEV. 

Major  K.  Edgcumbe, 
R.E.  (T),  Member). 

A.  Ellis,  Member. 
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Papers  read  at  Meetings — continued. 

Author.  Title. 

S.  EvERSHED,  Member.  "  Permanent  magnets  in  theory  and 

practice." 

Prof.  C.  L.  Fortes-  "  The  design  of  multiple-stage  ampli- 

CUE.  Member.  tiers   using   three-electrode  ther- 

mionic valves." 

S.  H.  FowLES.  Asso-  "  Production   of   power   from    blast- 

ciate  Member.  furnace  gas." 

Dr.  C.  C.  Garr.^rd.  Chairman's  Address   (South  Midland 

Member.  Centre). 

\V.  B.  HiRD,  Member.  Chairman's  Address  (Scottish  Centre). 

Prof.  G.  W.  O.  Howe.  "  The    high-frequency    resistance    of 

D.Sc.  Member.  wires  and  coils." 

D.  M.  W.  Hutchison,  "  Electricitv  in  tin  mining." 

B.Sc,      Member, 

andW.  J.  Wayte. 

Associate  Member. 

Marius  Latour.  "  High-frequency  machines." 

A.  E.  McCoLL,  Asso-  "  .\utomatic    protective    devices    for 

ciate  Member.  alternating-current  systems." 

L.  Milne,  Member.  "  The  electrical  equipment  of  artisan 

dwellings." 

R.  Morton,  M.D.  "  The  efficiency  of  high-tension  trans- 
formers as  used  for  X-ray  pur- 
poses." 

\\ .    II.    Patchell,  "Notes   on    operating   a    by-product 

.Member.  producer    gas    plant    for    power 

and  heating." 

C.      C.      Paterson,  "  Carbon  arcs  for  searchlights." 

O.B.E.,  Member, 

J.  W.  T.  Walsh, 

M..\.,M.Sc.,  Asso- 
ciate      Member, 

.\.    K.    Taylor, 

Member,  and  W. 

B.\rnett. 

Major  C.  E.  S.  Phil-  "Problems  of  interrupted  and  fluc- 

LIPS,  O.B.E.  tuating  currents." 

Major  C.  E.  Prince,  "  Wireless  telephony  on  aeroplanes." 

O.B.E. 

J.     .\.     Rohertson,  Chairman's   Address    (North- Western 

Member.  Centre). 

Capt.  H.  J.  Round.  "  Direction  and  position  finding." 

Capt      J.    M.    ScOTT-  "  Scientific    management  :  a  solution 

Maxwell,  Mem-  of      the      capital      and      labour 

ber.  problem." 

W.  M.  Selvev,  Mem-  Chairman's  Address   (North  Midland 

ber.  Centre). 

J.    Shepherd,    Mem-  "  Failures    of    turbo-generators    and 

ber.  suggestions    for   improvements." 

R.  T.  Smith,  Presi-  Inaugural  .\ddress. 

dent. 

R.  Tanham,  Member.  Chairman's  .\ddress  (Irish  Centre). 

H.  W.  Taylor,  Asso-  "  Eddy  currents  in  stator  windings." 

ciate  Member. 

J.       L.      Thompson,  "  Transformers  for  electric  furnaces.  " 

M.Sc,    Associate 

Member. 

A.  P.  Trotter,  Mem-  Address    to     the     Students'     Section 

ber.  (London). 

R.  S,  Wright,  Mem-  "  High-tension  transformers  for  X-ray 

ber.  work." 


The  following  Lectures  have  also  been  delivered 
since  the  last  Annual  Report  at  meetings  of  Territorial 
Centres  and  Sub-Centres  : — 

A  uthor.  Title. 

Lieut. -Col. F.C.Aldous,  "  A  critical  survey  of  power  supplv  in 

D.S.O.,     Associate  the  Rhine  Valley." 

Member,  and  A.  E. 

Leigh  Scanes.M..^. 
Prof.  F.  Bacon,  Mem-    "  Thermionic  valves." 

ber. 
L.  H.  A.  Carr,  Mem-     "  Some  magnetic  problems." 

ber. 
W.  B.  LovELL,  Asso-      "  Protective  apparatus." 

ciate  Member. 
J.  Lythgoe,  Graduate.  "  Electrical  developments  at   Christ- 
church,  New  Zealand." 
J.      M.      M.      Mi'NRO,    "  Highland  water  power." 

Member. 
W.  D.  Owen,  Associate  "  Wireless  telegraphy  in  the  mercan- 

Member.  tile  marine." 

W.    Pearson,    Associ-  "  The     Brush     Ljungstrom     turbine 

ate  Member.  plant." 

Major  T.  Rich, O.B.E..    "Electricity     in     the     western     war 

Associate  Member.  zone." 

Prof.  D.  Robertson,      "  Electric  clocks." 

Member. 
Dr.  W.  M.  Thornto.n,    "  Electrical  underwater  signalling." 

Member. 
Dr.  W.  M.  Thornton,    "  Foundations  of  the  theory  of  elec- 

Member.  trical  transmission  of  energy.  " 

S.  H.  Webb,  Associate     "  Housing  and  electricity." 

Member. 
T.    P.    WiLMSHURST,       "  Electric  power  supply  in  the   East 

Member.  Midlands.  " 

C.   H.  WoRDiNGHAM,       "  The  electrical  equipment  of  ships.  ' 

C.B.E.,        Past- 
President. 
C.   H.  Wordingh.\m,     Address  to  Territorial  Centres. 

C  B.E.,  Past- 

President. 
C.   H.  WoRDiNGHAM,     Address  to  Irish  Centre. 

C.B.E.,         Past- 
President. 

The  following  papers  not  read  at  meetings  have  also 
been  published  in  the  Journal : — 

A  itihor.  Title. 

.'\.  E.  Clayton,  B.Sc,    "  Magnetomotive    force    calculations 
(Eng.),  Associate  for     cylindrical-field     alternators 

Member.  under   steady    short-circuit    con- 

ditions." 
A.   B.   Gridley  and       "  Electric   power   supply   during   the 

A.  H.  Human.  Great  War." 

J.  W.  Meares,  Mem-      "  The   general   principles   of   the   de- 
ber.  velopment  and  storage  of  water 

for  electrical  purposes." 
S.  Neville,  B.Sc.  "  The  calculation  of  tooth  reluctance  : 

a     suggested     improvement     of 
Hird's  method." 
G.  Stead,  i\I..\.  "The  short   tungsten   filament   as  a 

source  of  light  and  electrons.  ' 
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APPENDIX    C. 
THE    INSTITUTION    OF    ELECTRICAL    ENGINEERS. 
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Committees. 
Examinations 


Committees. 

(Special  ) 
Dutch  Return  Visit 


Finance 

Informal  Meetings 

General  Purposes 

Library 

Membership 

Overseas  Information 

Papers 

Paul  Scholarship 

"  Science  Abstracts  " 

Ship  Electrical  Equipment 

Technical  Co-operation 

Territorial  Centres 

Wireless  Sectional 

Wiring  Rules 

(Electricity  in  Mines 
Electro-Chemistry    and    Electro 
Jletallurgy 
Lighting  and  Power 
Telegraphs  and  Telephones 
VXraction 


Engineers'  Registration 

Model  General  Conditions 

C)\-erhead  Power  Lines 

Patent  Law 

Secondary  Batteries  Maintenance 
Agreement 

War  Memorial 


^      2? 


Bodies  ox  which  the  Ixstitoiiox  is 
Represented. 

Birmingham  Chamber  of  Commerce 

Bradford  Public  Libraries  Committee 

Bristol  University 

British  Engineering  Standards  Association 

British    Xationol    Committee    of    the    International 

Electrotechnical  Commission 
Corrosion  Committee  of  Institute  of  Metals 
Darlington  Board  of  Invention  and  Research 
Duddell   ifemorial   Committee   of   Physical   Society 

of  London 
Electrical  Development  Association 
Electrical  Research  Committee 
Engineering  Training  Organization  Council 
Fuel    Economy   Committee   of   British   Association 
Imperial  College  of  Science  and  Technology.  Govern- 
ing Body 
Imperial  Mineral  Resources  Bureau  Conference 
International  Scientific   Unions 
International     Illumination      Commission,      British 

National  Illumination  Committee 
Labour.  Ministry  of.  Trade  Advisory  Committee  for 
the  Electrical   Industry  (Disabled   Sailors  and 
Soldiers) 
Leeds  Civic  Society 

Leeds  Municipal  Technical  Library  Committee 
Metalliferous  Mining  (Cornwall)  School,  Governing 

Body 
Munitions   Inventions   Department,    Nitrogen   Pro- 
ducts Committee 
ilunitions.  Ministry  of.  Disposal  of  Surplus  Govern- 
ment Property 
National  Phy.sical  Laboratory.  General  Board 
Newcastle-on-Tyne  Chamber  of  Commerce 
Radiographers.  Society  of 
Rontgen   Society    Advisory   Committee   for   Britisli 

X-Ray  Industry 
Scientific  and  Industrial  Research  .\dvisory  Council, 

Engineering  Committee 
Scientific  Societies,  Conjoint  Board  of 
Technical  Societies  of  Canada,   Joint  Committee 
Transport,  Ministry  of.  Advisory  Panel 
War  Office  Committee  on  Engineer  Organization 
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611th  ordinary  MEETING,    12    FEBRUARY,    1920. 
(Held  at  the  Institution  of  Civil  Engineers.) 


Mr.  Roger  T.  Smith,  President,  took  the  chair  at 
6  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  22nd 
January,  1920,  were  taken  as  read,  and  were  confirmed 
and  signed. 

Messrs.  H.  Pearce  and  H.  K.  Trencham  were  appointed 
scrutineers  of  the  ballot  for  the  election  and  transfer 
of  members,  and,  at  the  end  of  the  meeting,  the  result 
of  the  ballot  was  declared  as  follows  : — 

Elections. 

Member. 
Gresley,   Herbert  Nigel. 

Associate  Members. 


Alabaster,    Eric    Osborne, 

Bt.-Major,  R.E. 
AUinson,  Henry  John. 
Bennett,  Charles  Henry. 
Briggs,    Henry    Stacpoole, 

Major,  R.E. 
Brough,  George  Hall,  B.Sc. 
Brown,  David  Hunter. 
Brown,  Harold  I.awson. 
Bumside,  Evelyn  Elmer. 
Bush,  Paul  Francis  W. 
Calverley,  John  Earnshaw. 
Cheetham,  George  Arthur. 
Clifford,  John  Arthur  H. 
Darby,  Stanley. 
Drew,  Roy  Longlev,  B.Sc. 

(Eng.). 
East,  Alan  Neville. 
Eden,  John  Alfred. 
Furnival,  Edward  Hordley. 
Goulburn,  Thomas. 
Hawes,  James  Reginald. 
Heys,  Francis  Samuel. 
Hogan,  James. 
Holliday,  Fred  Parkinson, 

Major,      D.S.O.,      M.C., 

A.F.C. 
Jackson,  Henry  Bertram. 
Jessop,  Charles  Hedley. 
Jones,  John  Richard. 
Kenny,  John  Aloysius. 
Legge,  James,  B.Sc. 


Lowe,  John  William. 

McKenzie,  James  Patrick, 
Capt.,  M.C.,  R.E. 

Mallett,  Edward,  B.Sc. 
(Eng.). 

i\Iawby,  Arthur  Willders 
M.,  O.B.E. 

Mercer,  Richard,  B.  Eng. 

Ogilvie,  Gregor  Macgregor. 

Parker,  Elwin  Thorley. 

Pearson,  Ernest  Middleton. 

Pettigrew,  Thomas. 

Riley,  Fred. 

Robertson,  Hubert. 

Russell,  Frederick  George. 

Sea :  borough ,  Ernest  Alfred . 

Shepherd,  Harold  Conwav. 

Sillar,  Kenneth  Graham. 

Smith,  William  Henry. 

Somersgale,  Charles  Wil- 
liam. 

Sowter,  Robert  John,  B.Sc. 

Sowter,  William  Ernest. 

Thompson,  Harold  Hasel- 
den. 

Tompson,  Ernest  Edward. 

Turner,   Ernest  Frederick. 

Vowles,  Julian. 

Whewell,  Henry. 

Wood,  Reginald  Helm. 

Wood,  Thomas  Stafford. 

Wright,  Harry  Rowland. 


Graduates 
Burgoine,  Harry. 
Christie,  John  Mills. 
Daggatt,  Albert  Andrew. 
Evans,  Thomas  Powell. 
Foulds,  Wilham. 
Griffiths,  William  Henrv  F 


Hooper,  Stanley  Arthur  \'. 
Jamieson,  James. 
Malcolm,  George  Duncan. 
Pitcher,      Arthur     Edwin, 

Flying  Officer,  R.A.F. 
Read,  Sidney. 


Gradiialcs- 
Ridgway,  Henrv  Nelsey. 
Royle,  \\'illiam  Arden. 
Taylor,  George. 


-continued. 

Wilson,  James  Rodney. 
Windridge,     Charles     Ed- 
ward . 


Students. 


Ale.xander,  Ronald. 

Ashley,  William  Herbert. 

Bacon,  Douglas  Charles. 

Baddeley,  Gilbert  Francis. 

Bailey,  Garnet  Savage. 

Baker,  Charles  Hale. 

Baldwin,  Harold. 

Barlow,  Herbert  Dudley. 

Barriscale,  Hugh  Joseph. 

Barron,  Oliver  Harold. 

Barton,  Thomas. 

Bawtree,  Edward. 

Beech,  Cyril  John. 

Berry,  John. 

Blance,  Robert  Sydney  C. 

Bridgwater, William  Regin- 
ald. 

Broadbent,  Harold  Ralph. 

Brockbank,  Robert  Alston. 

Capper,  Frank  Wilson. 

Carter,  Fredrick  Charles. 

Catto,  William. 

Chalmers,  John  Murison. 

Clenowich,  Alexander. 

Colquhoun,  James  Browne. 

Costin,  Arthur  William. 

Cowan,  George. 

Crawford,  Cecil  George. 

Crompton,  Oswald  James. 

D  a  r  b  y  s  i  r  e ,  Clifford 

Thomas  E.  J. 

Davies,  Cyril  Walter. 

Dawbarn,  David  Inglis. 

Dennis,  Reginald  Burton. 

Dotchin,  Norman. 

Douglas,  John. 

Elford,  Ernest  Norman. 

Emanuel,  Charles  William. 

Fincham,  Arthur  Joseph  I. 

Firkin,  Frank. 

Foulkes-Roberts,  Maurice 
Wynn. 

Fox,  Raymond  Charles. 

Frampton,  Harold  George. 

Freeborn,  Frederic  Victor. 

Fry,  Eric  Charlton. 

Gamage,  Joseph  Edmund. 

Ganapati,  Salem  V'enca- 
tramana. 


Gaster,  Abraham  Emanuel. 
Gibbons,  Arthur  John. 
Gibbs,  William  Reginald. 
Godden,  Leslie  John. 
Godfrey,  Percy  Frederick. 
Gwynn,  William. 
Hall,  James  George. 
Hall,  Maitland  Haseltine. 
Hall,  William  John. 
Horowitz,  Hyman. 
Hosker,  Austin  Thomas. 
Howarth,  Thomas. 
Hoyle,  William  Dickon. 
Jones,  Harold  William. 
Kieran,  Charles  Stephen. 
Leyland,  Arthur  James. 
Long,  Frederick  Henry. 
Lowry,  Leonard  Powell. 
McDonald,  James. 
McLean,  Ian  Kennedy. 
Macqueen,  Eric  Nottage. 
Manyam,  Venkataram 

Subra. 
Merfield,  Donald  Edgar. 
Millard,  William  Clement. 
Mills,  Arthur  A. 
Montgomery,    Alexander 

William. 
Moore,  Alfred  Thomas  C. 
Moore,  Robert  James. 
Morcom,  Herbert  Geoffrey. 
Morton,  Sydney  H. 
Murray,  George  Edgar  W. 
Murray,  John,  B.Sc. (Eng.). 
Narayanan,  Manakal  Sun- 

daralingan   I, 
Nash,  Esca  Hunt. 
O'Brien,  Brian. 
Oldham,  Thomas  John  F. 
Palitch,  Velyko  A. 
Patrick,  Ernest  Reginald. 
Pennington,  John  Hawley 
Perks,  John  Noel  R. 
Phear,  Howard  William. 
Plascott,  Vincent  Leslie  J. 
Prado,  Alberto. 
Protheroe,  John  Richard. 
Pye,  Cecil  Norman. 
Ramsay,  Cecil  Graham. 
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Ramsdale,  William  Stan- 
ley. 

Ranger,  John  Edward  G. 

Reeves,  Alec  Harley. 

Ribeiro,  Augusto. 

Ryall,  Leonard  Ernest. 

Sancto,  Herbert  Edward. 

Sands,  Wilfred  Frank. 

Scholes,  William  Parry. 

Scott,  Archibald  John. 

Sellen,  William  James. 

Shaffer,  Raphael,  B.Sc. 

Shearer,  George. 

Slack,  Alvan  Esmond. 

Smith,  Clifford. 

Snowball,  William. 

Somerville,  Thomas  Rons- 
field. 

Stapleton,  Stanley  John. 

Stark,  John  William. 

Stevens,  Sidney  George. 

Stevenson,  William. 

Stobart,  Claude. 

Sundaram,  Gangadhara. 

Sutherland,  Robert  Alex- 
ander. 

Tainsh,  Cecil  Asquith. 

Tait,  John  Lowden. 


Taylor,  John  Russell. 

Terry;  Harold. 

Thavenot,     Joseph     Ray- 

mund. 
Thompson,  George. 
Torrance,  John. 
Trevor-Roper,        Ranulph 

Dacre. 
Tumilty,  Hugh  Ciermain. 
Tnrton,  Leonard. 
T'nderdown,  John. 
Vincent,  John  James. 
Wade,  Cecil  Crosby  H. 
Ward,  Edward  Forest. 
Warren,  Stanley  George. 
\\'ashington,      Frederick 

Henry. 
Watson,  Hubert. 
Weston,  George  Edward. 
Wilck,  Charles  .Vugustus. 
\\'ilkinson,  John  Reed. 
Williams,  Harry. 
Wills,  Maurice  .-Man. 
Wilman,  William  Eric. 
Wilson,  George  Hulbert. 
Withers,  Bertie. 
"N'eadon,  Norman. 
Yo\mg,  Eric  William. 


Associates. 


Henderson,  Stanley,  Capt. 
R.A.F. 


Kahn,  Henry  Joseph. 
McAllister,  Robert. 


Sydney 


Associtilc   Mcinbci-  to  Member. 

Jackson,     Philip 

Edward. 
Milne,  Frederick  Laulour. 
Pope,  Alexander. 
Spencer,  Christopher  John. 
Woodworth,  Leon  Byron. 


Bishop,  Douglas  Howard. 
Downie,  I'redrick  Habler, 

O.B.E.,  B.Sc. 
Gardner,  Mostyn  Randal. 
Humphreys,   Percy   Harry 

I.,  o.b.'e. 


Young,  .\rthur  Primrose. 


Graduate  to  Associate  Member. 

Beaton,  Frederick  George.      Nordwald,  Louis 
Entwisle,  Gertrude   Lilian 

(Miss). 
Grant,  Edgar  George. 


Skevington,  Francis  Kerr 
Stacey,  Clarence  John. 
Walsh,  Alfred. 


Wolf,  Edward  Moses,  M.C. 

Student  to  Associate  Member. 

Goodswin,  Douglas  Cecil.         Schroeder,  Francis  Freder- 
Hill,  Frank  Edgar.  ick  H.,  B.Sc.  (Tech.). 

Solomon,  Thomas  Henry,  B.Sc. 


Student  to  Graduate. 

Atkins,  Leslie  John. 
Bunt,  Charles  Lionel. 
Castle,  John  Palmer. 
Gosden,  Richard. 


Pledge,  David  Edward. 
Shaw,  Hugh  Dunkerley. 
Simpson,  W'illiam. 
Smith,  Fred. 


A  paper  by  Major  K.  Edgcumbe,  R.E.  (T.),  Member, 
entitled  "  The  Protection  of  Alternating-Current  Sys- 
tems without  the  Use  of  Special  Conductors,"  was 
read  and  discussed,  and  the  meeting  adjourned  at 
7.45  p.m. 


TH    WIRELESS   SECTIONAL   MEETING.    18   FEBRUARY,    1920. 
(Held  at  the  Institution  of  Civil  Engineers.) 

A    paper   by   Major   C.    E.    Prince,    O.B.E.,    entitled 


Dr.  W.  H.  Ecci.es,  Chairman  of  the  Wireless  Sec- 
tional Meetings  Committee,  took  the  chair  at  6  p  m. 

The  minutes  of  the  Wireless  Sectional  Meeting  of 
the  14th  January,  1920,  were  taken  as  read,  and  were 
confirmed   and   signed. 


"  Wireless   Telephony  on   Aeroplanes,"    was   read    and 
discussed,    and    the   meeting   adjourned   at  7.35  p.m. 


JOINT  MEETING   WITH    THE    ROYAL    SOCIETY  OF    MEDICINE    (SECTION  OF    ELECTRO-THERAPEUTICS 

AND   THE   RONTGEN    SOCIETY,    26    FEBRUARY,    1920. 

(Held  at  the  Royal  Society  of  Medicine,   i  Wimpole  Street,  W.   i.) 


At  the  opening  of  the  meeting  at  3  p.m.  the  chair 
was  taken  by  Dr.  A.  E.  Barclay,  President  of  the  Electro- 
Therapeutics  Section  of  the  Royal  Society  of  Medicine, 
and  after  an  adjournment  for  dinner  the  meeting  was 
resumed  at  8  p.m.,  Mr.  Roger  T.  Smith,  President  of 
the  Institution,  taking  the  chair. 

The  following  papers  were  read  and  discussed  and 
the  meeting  adjourned  at   10.10  p.m.  : 

"  The    Efficiency    of    High-Tensicm    Transformers    as 


used  for  X-Ray  Purposes,"  by  Reginald  Morton, 

M.D.  ; 
"  Problems  of  Interrupted  and  Fluctuating  Currents," 

by  Major  C.  E.  S.   Philhps,  O.B.E.  : 
"  High-Tension  Transformers  for  X-Ray  Work,"  by 

R.  S.  Wright,  Member. 

It  was  agreed  that  the  discussion  should  be  con- 
tinued at  another  Joint  Meeting  to  be  held  next 
Session. 
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645th    ordinary    MEETING,     II    .MARCH,     1920. 
(Held  at  the  Institution  of  Civil  Engineers.) 


Mr.  Roger  T.  Smith,  President,  took  the  chair  at 
6  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  I2th 
February,  1920,  were  taken  as  read,  and  were  confirmed 
and  signed. 

The  list  of  candidates  for  election  and  transfer  ap- 
proved by  the  Council  for  ballot  was  taken  as  read 
and  was  ordered  to  be  suspended  in  the  Hall. 

The  following  donations  were  announced  as  having 
been  received  and  the  thanks  of  the  meeting  were 
accorded  to  the  donors: — 

Building  Fund.—W.  M.  Mordey,  .\.  R.  Smith,  Sir 
John  Snell,   H.  W.   Young. 

Library. — The  American  Institute  of  Electrical  En- 
gineers, The  British  Engineering  Standards  Associa- 
tion, The  Carnegie  Endowment  for  International  Peace, 
The  Chief  Canadian  Government  Trade  Commissioner, 
The  Signals  Experimental  Establishment  (Chief  Experi- 
mental Officer),  The  Department  of  Scientific  and 
Industrial  Research  (Advisory  Council),  J.  G.  Hill, 
W.  S.  Kennedy,  Dr.  A.  E.  Kennelly,  The  Lancashire 
and  Cheshire  Coal  Research  .\ssociation,  Messrs.  Merz 
&  Mcl.ellan,  The  Meteorological  Office  (London),  The 
Munitions  Inventions  Department  (Ministry  of  Muni- 
tions of  War),  Societe  des  Ingenieurs  Civils  de  France, 
Technical  Publishing  Company,  Ltd.,  U.S.A.  Depart- 
ment of  Commerce. 

Benevolent  Fund. — See  Institution  Xotes,  No.  19, 
page  14,  March   1920. 

The  President  :  Many  members  are  anxious  about 


the  Civil  Engineers  Registration  Bill,  which  has  been 
receiving  the  Council's  attention,  as  well  as  that  of  a 
special  Committee,  for  the  last  four  months.  Had  the 
Institution  of  Civil  Engineers  persisted  with  theii" 
original  proposal  the  Council  had  made  arrangements 
to  ascertain  without  delay  the  \iews  of  the  members 
as  a  whole  and  to  act  accordingly.  The  original  pro- 
posal was,  however,  amended,  and  the  Council  are 
continuing  to  discuss  the  matter  with  the  Institution 
of  Civil  Engineers  and  other  engineering  societies  with 
a  view  to  arriving  at  a  friendly  settlement.  Such  negotia- 
tions are  necessarily  confidential  and  we  cannot  yet 
discuss  details,  but  I  wish  members  to  know  that  their 
interests,  together  with  those  of  the  whole  engineering 
profession  with  which  they  are  bound  up,  have  been 
our  first  consideration.  The  Council  have  had,  and 
still  have,  no  hesitation  in  refusing  to  accept  as  satis- 
factory the  solution  put  forward  by  the  Institution  of 
Civil  Engineers  ;  and  members  may  rest  assured  that 
the  Council  will  oppose  any  solution  that  does  not 
seem  satisfactory.  When  a  satisfactory  solution  is 
put  forward,  as  I  hope  it  may  be,  by  all  engineers  acting 
together,  the  Council  will  consult  members  before 
committing  them  to  it. 

A  paper  by  Mr.  W.  H.  Patchell,  Member,  entitled 
■■  Notes  on  Operating  a  By-Product  Producer  Gas 
Plant  for  Power  and  Heating,  "  and  one  by  Mr.  S.  H. 
Fowles,  Associate  Member,  entitled  "  The  Production 
of  Power  from  Blast  Furnace  Gas,"  were  read  and 
discussed,  and  the  meeting  adjourned  at  7.40  p.m. 


8th    wireless    SECTIONAL    MEETING,     17    MARCH, 
(Held  at  the  Institution  of  Civil  Engineers.) 


1920. 


Dr.  W.  H.  EccLES,  Chairman  of  the  Wireless  Sec- 
tional Meetings  Committee,   took  the  Chair  at  6  p.m. 

The  minutes  of  the  Wireless  Sectional  Meeting  of 
the  1 8th  February,  1920,  were  taken  as  read,  and  were 
confirmed  and  signed. 


A  paper  by  Captain  P.  P.  Eckersley  entitled 
"  Duplex  Wireless  Telephony  :  some  Experiments  on 
its  application  to  .\ircraft  "  was  read  and  discussed, 
and  the  meeting  adjourned  at  7.35  p.m. 


lUOxH    ORDINARY    .MEETING,     18    MARCH.     1920. 


(Held  at  the  Institution 
Mr.   Roger  T.   Smith,   President,   took  the  chair  at 
6  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  nth 
March,  1920,  were  taken  as  read,  and  were  confirmed 
and  signed. 

Messrs.  C.  F.  Proctor  and  E.  S.  Harpham  were  ap- 
pointed scrutineers  of  the  ballot  for  the  election  and 
transfer  of  members,  and,  at  the  end  of  the  meeting, 
the  result  of  the  ballot  was  declared  as  follows  : — 

Electio.ns. 
Members. 


Angold,  Arthur  Ernest. 
Birkett,  Robert. 
Bolton,  Frederick. 
Brooking,  John  Henry  C. 
Clinker,  Reginald  Charles. 


Morton,.  James  .\rthur. 
Osborne,  Hugh. 
Shoenberg,  Isaac. 
Thomas,  George  Nevil. 
Watson,     Henry     Sinclair, 
B.A. 


of  Civil  Engineers.) 

Associate 
Astley,  John  William. 
Barker,  Norman  Hum- 
phrey. 
Bhattacharji,     Narendra 

Chandra. 
Blades,  Rowland  Wrench. 
Brent,  Herbert  Cyril. 
Briggs,  Ernest  Edward. 
Browne,    Percival   Arthur. 
Burgess,  Percy  James. 
Butcher,  Herbert  John. 
Campbell,  Ernest. 
Chisholm,  George  tiordon. 
Day,  Frederic. 
Dobbie,  Charles  Lizars. 
Dupree,   Frederick  Henry. 
Frazer,  Walter  A. 


Members. 

Garrard,  James  Alfred  T. 
Gillings,  Charles. 
Crresham,  Charles  Bernard 
Haskins,  Harry  Clifford. 
Head,  Howard  Clark. 
Hegnev,  Valentine  John. 
Hopkins,  \\  illiani  Dawson. 
Hurle,  Valentine  Royal. 
Hursthouse,  Calvert 

Fearon. 
Jefferj',  Leslie  Brownlow  G. 
Jenkins,  George  Wilson. 
Johnson,  Thomas  Marius. 
Jollift'e,  Valentine  Noices. 
Lloyd,  Charles  Graham. 
Maclean,      .\lan     Douglas, 
B.Sc.  (Eng.). 
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McPhail,  Robert. 
Moss,  Harry. 
Murray,  Edward  William. 
Plexin,  Percy  Johnson. 
Ramsden,  John  Scowcroft. 
Rochester,  Henry 
Russell,  Matthew. 
Saddington,    Charles    Wil- 
liam. 


John 


St.     John-Browne, 
Richard. 

Shakeshaft,  Frederick. 

Symes.WilliamFitzroy.S.S. 

Taylor,  Frank  David. 

Townley,   Duncan    Camp- 
bell. 

Turner,  John. 

Wallwork,  Thomas. 

Wilson,  James  Wilham. 


Graduates. 


Athorn,  Stewart  John. 
Beddall,     Walter    Samuel 

H.,  Captain,  R.E. 
Chesterton,  Arthur  James. 
Cotsell,  Geoffrey  WiUiam. 
Deshpand^,  Shankar  Bale- 

vant,  B.A. 
Eiriksson,  Helgi  H.,  B.Sc. 

(Eng.). 
ElUott,  Donald  Sydney. 
Ellis,  Leonard  George. 
Emmett,  Herbert. 
Findlay,  James  Duff  us  F. 
Gardner,  Colin  Hamilton. 


GiUespie,  Robert  Purdie. 
Higham,  John  Bellamy  J. 
Jack,  John. 
Menon,  K.  P.  Padmanabh, 

B.A. 
Minchin,  Humphrey  Noel. 
Partridge,  Margaret  Mary 

(Miss),  B.Sc. 
Pougher,  Arthur  WiUiam. 
Rettie,  Charles. 
Shallcross,  Herbert. 
Toon,  Frank  Joseph. 
Turner,  George  William. 
Westwood,  Hugh. 


Students. 


Abernethy ,  John  William  A . 
Alston,  William  Richmond. 
Baruxaki,  Leonard  Alan. 
Bassil,  Richard  Whitley. 
Baxendale,  Frank. 
BayUss,  Carol  William. 
Biles,  Reginald  William. 
Bond,  Fred. 
Bradford,  George. 
Burgoyne,  Gerald  Vera  B. 
Butler,  Percy. 
Calder,  John  Maxwell. 
Clarke,  Harold. 
Cockcroft,  John  Douglas. 
Colman,  Stanley  Fordham. 
Cosgrove,  Cyril  Wilfred. 
Cribbes,  Robert  Lamb. 
Cridland,  Charles  EUiot  T. 
Cuffley,  Walter. 
Dance,  Herbert  Ernest. 
Dannatt,  Cecil, 
de  Steiger,  Frederick  Ber- 
nard. 
Double,  Hugh  Stanley. 
Drucquer,  Leonard. 
Eadon,  Alan  Theodore  E. 
Edwards,  John  Marshall. 
Edwards,  Leslie. 
Ellams,  William. 
Feamley,  Ronald  Arthur. 
Friendship,  Cyril  Arthur. 
Gabel,  Reuben. 
Gallon,  Wilham  Anthony. 
Gault,  David  M. 


Hadfield,  Tom. 

Hallett,  Harold  James. 

Harvey,  Arthur  Frederic  S. 

Haslam,  George  Eric. 

Haylor,  Leslie  Jack  H. 

Hewitt,  John  Leslie. 

HoUinghurst,  Frank. 

Hvistendahl,   Herbert  Sel- 
wyn. 

James,  Frank  Leslie. 

Johnson,  Charles. 

Johnson,  Leslie  John  N. 

Jones,  Arthur  Thomas. 

Kelly,  John  Phihp. 

Led  ward,    Thomas    Archi- 
bald. 

Lepper,  Cyril  Herbert. 

Lewis,  Agnes  (Miss). 

Longmuir,  James  Bogie. 

McCabe,  Frank. 

McCulloch,  Kenneth  Pear- 
son. 

McLean,  Alfred  Horatio. 

Marsland,  Sidney  William. 

Martin,  Alexander  McDuff. 

Matthews,  William 
Thomas. 

Mayo,  Charles  Gilbert. 

Melsome,  Robert  John. 

Mines,  Richard. 

Moir,  Roy  Adamson. 

Morgan,  Arthur  Edward  K. 

Morris.  William  Idwal. 

Mortimer,  Seth. 


Students— continne  A. 


Munoz,  Agustin. 
Nixon,  John  Humphrey  R. 
Norton,  Leopold  Gerard. 
Paterson,  William. 
Paton,  Edgar. 
Payne,  Norman. 
Paysant,  Louis  Charles. 
Pettermann,  Rene. 
Picard,  Edward  Arthur  K. 
Rennie,  Ronald  James. 
Rose,  Victor. 
Rowe,  George  Laver. 
Semple,  James  Hamilton. 
Sen,  Ranajit  Chandra. 
Sevalho,  Annibal. 
Slattery,  Lewis. 
Smith,  Bobs  Redvers. 
Stanley,  Ernest  Edmund. 
Stobart,  John  Wilham. 


Street,  Raymond  Walter. 
Thornhill,  John  T. 
Trehern,  Cecil. 
Wadlow,  Donald  Leslie. 
Walker,  Charles  Ian. 
Weston,  Cecil  Burton. 
White,  Albert  Ernest. 
White,  Francis  William. 
White,  Richard  Frederick. 
Wilkinson,  Leshe. 
Williams,  Wilham  Trefor. 
Willson,  Leonard  Frank. 
Winder,  Arthur  Thomas. 
Wolfenden,  John  Thomas. 
Wright,  Charles  Henry  W., 

B.Sc. 
Wulff,  Lawrence  Louis  E. 
Young,  Henry  Judd. 


Associates. 
Parsons,    Charles    Sidney,     Swain,  John  Henry  S. 


B.Sc.  (Eng.). 


Transfers. 


Associate  Member  to  Member. 


Alexander,  Robert  Donald 
T.,  O.B.E.,  D.S.O. 

Bedson,  Noel  PhilUps. 

Bennett,  Cyril  George  M. 

Brown,  Sir  Arthur  Whit- 
ten,  K.B.E. 

Byng,  Edward  Stanley. 

Coates,  Wilham  Hojel  C, 
M.C. 

Evans,  Llewelyn,  Lt.-Col., 
CM.G.,  D.S.O. ,  R.E. 

Fairclough,  Richard  Daw- 
son. 

Goad,  David,  O.B.E. 

Johnson,  Reginald. 


Lock,  Archibald  Charles. 

Mayson,  Christopher  Mark. 

Mohr,  Stanley  Melboun 
O.B.E. ,  M.C. 

Nadejde,  Horia  loan,  M.Sc. 
(Eng.). 

Nelson,  William  Muir. 

O.Brien,    Henry    Eoghan, 
D.S.O. 

Parkinson,   George   Regin- 
ald J. 

Porte,  Francis  Carlile. 

Seddon,  Edwin. 

Smith,  William  Blair. 

Thorpe,  Wilfred  Bertram. 


Tucker,  Arthur  Garnet. 

Graduate  to  Associate  Member. 

Cope,  Frederick.  Haddock,  Vivian  Otto. 

Dawson,  Wilham  John  N.      Paul,  Bangsidhari. 

Student  to  Associate  Member. 

Buist,  David  Maxwell.  Damant,  Edward  Lorraine. 

Cooper,  Wilfred  Windham.      Hyde,  Cecil  Lewis  G. 
Khan,  Abdul  Ghafoor. 


Coote,  Charles  Douglas. 
Elmer,  John  Claude. 
Freedman,  Paul. 
Garland,  Cecil  Clifford. 


Student  to  Graduate. 

Gole,  Sadashiv  Mahadeo. 
Hofman,  Stanislas. 
Kill,  Ernest  Frederick. 
Mann,  Herbert  Clarence. 


The  adjourned  discussion  on  the  papers  by  Mr. 
W.  H.  Patchell,  Member,  and  Mr.  S.  H.  Fowles, 
Associate  Member  (see  page  327),  was  concluded, 
and  the  meeting  adjourned  at  7.45  p.m. 
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SCIENTIFIC   MANAGEMENT:    A   SOLUTION   OF  THE   CAPITAL   AND 

LABOUR  PROBLEM. 

By  Captain  J.  M.  Scott-Maxwell,  B.Sc,  Member. 

{Paper  first  receiied  12  Seplember,  and  in  final  form  19  November,  1919.    Read  before  The  Institution,  ii  December,  before 
the  Scottish  Centre,  9  December,  before  the  North-Western  Centre,  16  December,  before  the  South  Midland  Centre 
17  December,  I919,  and  before  the  North-Eastern  Centre,  12  fanuary,  1920.) 


History  of  Movement. 

The  first  attack  of  science  against  rule-of-thumb 
methods  in  industry  was  directed  to  the  problem  of 
finding  the  true  solution  of  the  various  factors  governing 
machine-shop  practice.  The  late  Dr.  F.  W.  Taylor, 
of  Pliiladelpliia,  started  his  epoch-making  experiments 
in  the  autumn  of  1880  and  carried  them  on  over  a  period 
of  26  years.  A  paper  entitled  "  On  the  Art  of  Cutting 
Metals  "  was  based  on  the  results  of  this  great  research, 
which  cost  from  /30,ooo  to  ^40,000.  Dr.  Taylor  read 
this  paper  in  December  1906,  when  he  was  President  of 
the  American  Society  of  Mechanical  Engineers.  As 
he  points  out  so  carefully,  he  had  the  co-operation  of 
many  exceptional  men,  but  to  him  is  due  the  original 
idea  and  initiative,  the  determination  that  kept  it  going 
for  26  years,  and  that  wonderful  patience  of  the  scientific 
mind  which  can  wait  so  long,  rather  than  disclose  imma- 
ture results. 

While  carrying  out  this  w-ork,  many  ideas  were  evolved 
connected  with  management.  The  first  paper  describing 
the  fundamental  idea  of  what  is  now  called  Scientific 
Management  was  read  by  Dr.  Taylor  in  1895.  Its 
title  was  "  A  Piece  Rate  System  :  Being  a  Step  towards 
Partial  Solution  of  the  Labour  Problem."  This  paper 
explained  the  method  of  fixing  rates  by  means  of 
splitting  a  job  into  its  elements,  which  Taylor  called 
elementarj'-rate-fixing.  It  also  explained  his  method 
of  pa>Tnent-by-result  by  means  of  the  differential- 
piece-rate,  which  increases  the  rate  per  piece  for  high 
outputs.  The  great  new  fact  was  elementarj-rate- 
fixing  which  is  a  basic  principle,  a  scientific  discovery. 
At  the  end  of  the  discussion  on  his  paper,  Taylor  shows 
the  dullness,  even  of  the  expert  mind,  when  a  new  and 
revolutionary  idea  is  submitted  to  it  in  companj'  with 
another  idea  of  much  less  importance  but  with  which 
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it  is  already  partly  familiar.  These  are  Taylor's  words  : 
"  I  am  surprised  and  disappointed  that  the  elementary- 
rate-fixing  has  not  received  more  attention  during  the 
discussion.  No  better  evidence  could  have  been  pro- 
duced, however,  of  the  crude  and  elementary  state  in 
which  the  art  now  stands,  of  determining  the  time  to 
do  work  and  of  fixing  rates,  than  that  only  one  member 
of  the  engineering  Society  which  is  in  closest  touch  with 
the  manufacturers  of  the  country  should  have  most 
briefly  referred  to  the  matter,  while  13  engineers  have 
discussed  at  length  the  less  important  matter  of  what 
kind  of  piece  work  to  use." 

In  1903  Taylor  gave  another  paper  entitled  "  Shop 
Management,"  which  has  become  the  classic  of  Scientific 
Management,  and  describes  his  full  system. 

Adoption  of  the  name  "  Scientific  Management." — 
General  recognition  of  the  term  "  Scientific  Manage- 
ment "  is  not  yet  10  years  old.  Pubhc  interest  in  the 
subject  of  efficient  management  was  first  aroused  by 
the  action  of  the  eastern  railroads  in  the  United  States, 
which  raised  their  rates  because  of  increased  costs, 
mainly  due  to  higher  wages.  A  public  investigation 
was  ordered  which  lasted  about  six  months,  Mr.  Louis 
D.  Brandeis  acted  as  chief  counsel  in  the  interest  of 
the  traders  and  fought  the  railroads  on  the  plea  that 
if  all  the  railroads  adopted  a  system  of  management, 
which  he  termed  "  scientific  management,"  a  saving 
of  one  milhon  dollars  a  day  could  be  effected.  He 
referred  to  the  Taylor  system  of  management.  Late  in 
1910  a  conference  of  American  engineers  interested  in 
efificient  management  decided  to  adopt  the  designation 
Scientific  Management,  after  discarding  such  terms 
as  the  Taj-lor  System,  Functional  Management,  Shop 
Management,  Efficiency. 

The  word  "  scientific  "  seems  to  upset  some  people. 
To  many  the  role  of  science  is  only  an  iconoclastic  one, 

22 


330 


SCOTT-MAXWELL:    SCIENTIFIC    MANAGEMENT: 


the  destruction  oi  long-cherished  beliefs.  Science  is  j 
\-iewed  by  them  as  materiahstic  in  its  aim  and  soul- 
destroying  in  its  progress.  Science  is,  however,  the 
outcome  of  the  struggle  of  the  intellect  in  the  search 
for  truth,  and  it  accepts  no  empirical  data,  no  rule-of- 
thumb  methods  without  full  examination.  It  is  very 
important  to  have  a  good  name  for  a  movement. 
"  Scientific  "  is  a  good  name,  and  Scientific  Manage- 
ment is  hound  to  become  a  great  and  important 
movement  in  industry  and  politics. 

Menial  altitude  to  Scientific  Matiagcmeiit. — Before  the 
war  the  term  was  seldom  heard  in  this  country-,  and  the 
few  occasions  when  a  British  engineer  had  the  temerity 
to    use    it    almost    invariably    evoked    scorn.     Though 
Scientific     Management     is     now    seldom    scorned    by 
engineers,    there   is   still — after   the   lapse   of   24   years   I 
since  Tavlor's  first  "  surprise  and  disappointment  " —   j 
almost  the  same  failure  to  grasp  the  great  significance   j 
of  the  principle  of  Scientific  Management.  j 

The  real  cause  of  the  strong  opposition,  is  that  Scien- 
tific Management  is  the  first  system  to  realize  that  the   I 
human  factor  must  come  first.     This  is  a  revolutionarj' 
idea  to  the  capitalist,  who  still  considers  that  he  comes   ' 
first.     Scientific    Management   is   revolutionar^•    to   the   , 
trade  unions  because  it  enables  work  to  be  accurately 
measured  for  the  first  time  in  the  history  of  industr\'.   | 
To  many  socialists  and  social  reformers  it  is  also  revolu-   ' 
tionary   because   they   tliink   that   it  is   better   for   the 
character  of  the  worker  that  he  should   use  his  owti 
initiative  as  to   how  the  work   should   be   done,   even 
though  he  has  only  rule-of- thumb  to  guide  him. 

Origin  of  opposition. — From  experience  gained  in 
pubhc  discussion  of  this  subject,  it  seems  to  the  present 
author  more  important  to  emphasize  the  significance  of 
the  main  idea,  without  which  the  details  of  the  system 
are  useless.  Engineers  prefer,  as  a  rule,  to  study  details, 
but  the  author's  excuse  for  dealing  at  length  with  the 
principles  of  the  subject  is  that  Taylor  himself  and  the 
pioneers  of  the  movement,  who  are  all  engineers,  regard 
the  new  mental  attitude  wliich  it  makes  obhgaton,-  as 
the  verj-  essence  of  the  system.  All  the  de\-ices  used 
in  ofi&ce  and  shop  as  means  of  efficient  production  they 
consider  in  the  same  light  as  mechanisms,  i.e.  of  secon- 
dary and  not  primary  importance. 

In  Samuel  Butler's  great  satire,  "  Erewhon,"  he 
describes  a  people  who  had  destroyed  all  machines 
because  at  a  pre\'ious  stage  of  their  historj-  machiners- 
had  reached  such  a  high  state  of  development  as  to 
get  the  upper-  hand  of  man.  Samuel  Butler  li\ed  in 
the  age  when  the  owners  of  machinery  preached  the 
doctrine  that  its  fullest  exploitation  was  an  unmitigated 
benefit  to  mankind  ;  and  it  was  the  great  abuse  of  the 
machine  workers  about  three  generations  ago  which 
gave  Karl  Marx  the  stimulus  to  develop  liis  materiahstic 
theory  of  civilization,  which  is  producing  so  much 
strife  and  bloodshed  in  the  world  to-day. 

Manufacture  by  machine  is  hardly  a  centur\-  old, 
and  this  past  century  of  machinery  inherited  the 
traditions  of  the  preceding  centuries,  which  were  evolved 
by  the  trader  and  not  the  producer.  In  classical  and 
medieval  times  the  men  of  energy  and  initiative  were 
traders  or  merchants.  The  early  producers  were  usually 
small  people  with  little  spirit   of  adventure  in   them. 


It  was  the  wonderful  spirit  of  indi\'idual  enterprise 
which  pushed  the  English  traders  into  Europe  in  the 
time  of  Queen  Elizabeth,  and  the  Merchant  Adven- 
turers of  England  exercised  ver\'  great  political  influ- 
ence in  Europe  at  that  date.  British  traders  were 
the  pioneers  of  the  British  Empire  in  America,  Asia, 
and  Africa.  Because  of  this  we  are  apt  to  think  that 
the  business  of  a  merchant  in  itself  has  done  these 
wonders,  and  we  consequently  tend  to  make  a  fetish 
of  evervthing  pertaining  to  it.  The  traders'  ideal  has 
always  been  to  buy  in  the  cheapest  market  and  sell 
in  the  dearest.  They  risked  much  capital  in  the  past 
and  emploved  little  labour,  while  their  profits  bore  no 
relation  to  costs  but  were  regulated  entirely  by  supply 
and  demand,  excluding  of  course  anj'  misadventure. 
Engineering  advance  has  changed  everything,  and  now 
the  big  men  are  producers,  but  the  prestige  of  the 
merchant  is  still  maintained  and  also  the  prestige  of 
those  associated  with  him,  such  as  the  bankers,  while 
the  engineering  profession,  the  creator  of  our  modem 
wealth,  does  not  yet  enjoy  the  prestige  that  is  its  due. 
Considering  that  our  economic  education  is  based  on 
these  old  conceptions,  is  it  any  wonder  that  we  have 
profiteering  tliroughout  the  world  ?  It  is  the  business 
ideal  of  the  trader  to  profiteer,  i.e.  to  be  guided  solely 
by  supply  and  demand.  Supply  and  demand  must 
of  course  always  be  taken  into  account,  but  the  idea 
reversed.  Merchants  prefer  a  high  profit  on  a  small 
turnover.  Production  requires  low  profits  on  a  large 
turnover.  The  merchant  system  restricted  the  supply 
and  thus  lessened  the  consumption  in  order  to  maintain 
or  increase  prices.  The  production  system  cheapens 
the  supply  in  order  to  maintain  or  increase  the  demand 
and  thus  maintain  or  increase  consumption.  The 
merchant  system  favoured  the  wealthy,  and  developed 
aristocracies.  The  production  system  fa\ours  the 
proletariat  and  thus  develops  democracy.  The  merchant 
svstem  at  the  best  did  not  raise  the  status  of  the  workers. 
The  production  system  must  continually  raise  their 
status  bv  continually  raising  the  standard  of  lixing. 
The  confusion  of  these  ideals  is  verj-  great  at  the  present 
time  amongst  all  classes  of  the  people,  and  imtil  they 
are  disentangled  and  the  one  set  encouraged  and  the 
other  controlled  we  are  bound  to  have  continual  indus- 
trial trouble.  It  is  necessary  that  our  economic  concep- 
tions should  sj-nchronize  with  the  facts.  At  present 
they  are  entire!}-  out  of  step. 

.\ttitude  Essential  to  Industrial  Progress. 

In  applying  the  principle  of  cheap  production,  it 
must  not  be  confused  with  the  act  of  buying  com- 
modities. Labour  must  cease  to  be  regarded  as  a 
commoditv,  which  is  one  of  the  worst  legacies  of  the 
old  system.  Labour  in  the  abstract  may  be  a  com- 
modity, but  in  the  concrete  it  is  human  life.  Increased 
output  and  pajinent-by-result  is  the  sound  foundation  on 
which  to  build,  but  it  ought  to  include  evervone,  from 
the  managing  director  do«Ti,  and  both  these  aims  should 
be  qualified  by  another — a  better  life  for  the  worker. 
Scientific  Management  increases  output,  and  be- 
cause it  can  accuratelj-  measure  the  work  done  in 
terms  of  human  effort,  payment-by-result  is  the  fair 
and    natural   sequel.     It   achieves   tliis   greater   output 
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by  lessening   the   task   and   raising   the   status   of   the 
worker. 

Wide  field  of  application. — Scientific  Management 
aflfects  the  indi\-idual  as  a  unit  worker,  the  workers 
as  a  group,  and  therefore  trade  unionism,  and  it  affects 
all  industry  in  its  relation  to  the  Government  and  to 
the  consumers,  and  thus  involves  the  whole  nation. 
Many  may  argue  that  Dr.  Taylor  never  visualized  such 
a  wide  field  for  its  application,  but  tliis  is  not  the  case. 
That  his  vision  of  its  final  development  was  very  wide 
I  know  for  certain,  because  when  discussing  the  subject 
with  him  at  Philadelphia  in  1912,  he  told  me  that  he 
hoped  for  a  time  when  there  would  be  a  Board  of 
Industry  similar  to  the  Board  of  Agriculture  which  in 
America  does  an  immense  amount  of  research  work, 
the  results  being  given  free  to  American  farmers  by 
means  of  travelUng  groups  of  teachers  in  special 
trains — an  Agricultural  College  on  wheels.  Such  a 
department  would  standardize  the  methods  and  times 
of  all  operations  common  to  the  whole  or  a  great 
part  of  the  engineering  industry,  and  also  other  and 
less  complex  industries.  Taylor  realized,  without  any 
question,  that  the  ultimate  goal  of  scientific  manage- 
ment was  its  application  to  all  industry  in  the  interest 
both  of  the  producer  and  of  the  consumer,  that  is,  in 
the  interest  of  the  whole  of  society. 

Scientific  Management  and  trade  unions. — Dr.  Taylor' 
could  see  little  ultimate  use  for  unions  in  .America  because 
the  relations  between  capital  and  labour  were  improved 
by  the  adoption  of  Scientific  Management.  His  early 
fights  had  all  been  against  the  restriction  of  output  and 
the  consequent  demoralization  of  the  workers.  Ten 
years  ago,  when  Scientific  Management  won  its  first 
public  recognition,  the  unions  were  thereby  aroused 
and  brought  pressure  to  bear  on  the  American  Govern- 
ment. It  was  a  political  fight  and  Taylor  was  no 
politician.  The  Government  had  to  give  in,  and  since 
then  Scientific  Management  is  forbidden  in  any  Govern- 
ment workshop  in  the  United  States.  These  facts 
explain  to  British  employers  and  workers  Taylor's 
feelings  on  this  subject.  His  own  words  on  this 
subject  refute  those  who  denounce  him  :  "  the  labour 
unions — particularly  the  trade  unions  of  England — 
have  rendered  a  great  service  not  only  to  their 
members,  but  to  the  world,  in  shortening  the  hours 
of  labour  and  in  modifying  the  hardships  and  improving 
the  conditions  of  wage  workers."  Taylor  was  an 
idealist  with  the  real  interest  of  the  worker,  the 
industry',  and  the  State  at  heart. 

The  better  and  further  development  of  trade  unions 
in  Great  Britain  makes  tlie  situation  in  this  country 
a  much  brighter  one.  I  do  not  see  how  Scientific  Manage- 
ment can  progress  at  all  unless  the  unions  are  included 
in  its  scheme.  Progress  will  only  commence  in  earnest 
when  the  labour  leaders  grasp  the  full  meaning  to 
the  worker  of  the  elimination  of  useless  work,  which 
will  lessen  the  total  burden  of  labour  ;  and  when  they 
reaUze  that  the  accurate  measuring  of  work  protects 
the  worker  from  underpayment,  and  that  the  greater 
alhround  efficiency  makes  shorter  hours  and  higher 
wages  a  just  claim  on  the  community. 

Scientific  Management  versus  common  sense. — Some 
seek  to  belittle  Scientific  Management  by  saying  that  it 


is  only  applied  common  sense.  Common  sense  is 
conservative  and,  on  the  whole,  prefers  the  easy  to  the 
strenuous  intellectual  life.  Once  it  becomes  familiar 
with  the  discoveries  or  rather  applications  of  science 
to  the  needs  of  humanity,  it  accepts  these  new  develop- 
ments as  part  of  its  common  philosophv  and  thus  passes 
verdict  on  them,  as  if  it  had  discovered  thtm.  Com.mon 
sense  discovers  nothing.  Its  function  is  to  accept  all 
that  proves  good  for  humanity.  If  Scientifi.c  Manage- 
ment is  therefore  considered  only  common  sense,  it 
means  that  this  instinctive  arbiter  of  our  lives  considers 
it  to  be  good  for  us.  If  the  instinctive  sense  of  the 
few  accept  it,  it  is  certainly  not  accepted  by  the  common 
sense  of  the  many,  and  especially  the  workers.  The 
thinking  part  of  the  community  have  to  fight  until 
it  is  accepted  by  the  majority  in  the  same  manner  that 
they  accept  wireless  telegraphy,  aeroplanes,  or  any  of 
the  great  achievements  of  science.  Taylor's  common 
sense  and  his  unhappy  experience  toth  told  him  that 
something  was  wrong.  His  consciously  directed  intelU- 
gence,  backed  up  by  unusual  patience  and  determination, 
solved  the  problem. 

Evolution  of  the  idea. — It  is  said  that  there  is  nothing 
new  in  Scientific  Management.  It  is  true  that  the 
idea  of  time  study  was  thought  of  in  1834  by  Charles 
Babbage,  an  Enghsh  mathematician  interested  in 
machinery,  but  the  time  was  not  ripe  for  its  development. 
Consider  the  history  of  the  idea  of  the  evolution  of 
life.  It  starts  in  ancient  mythology,  appears  in  all 
the  classical  plulosophies,  down  through  the  Middle 
Ages  to  our  own  day.  We  know  that  Dr.  Wallace 
published  a  leaflet  giving  a  brief  outline  of  the  theory 
of  evolution  before  Darwin  decided  to  publish  the 
"  Origin  of  Species."  All  these  people  only  instinc- 
tively sensed  that  the  idea  of  spontaneous  creation 
was  wrong.  Science  in  the  days  of  Plato  and  Aristotle 
was  such  a  very  little  child  that  it  could  not  solve  the 
riddle.  Scientific  thought  in  the  middle  of  the  nine- 
teenth centurj'  was  sufficiently  advanced  to  make  it 
possible  for  Darwin,  with  immense  patience  and  concen- 
tration, to  produce  a  workable  theory  such  as  no 
philosopher  or  scientist  before  him  had  been  able  to 
do.  Hence,  although  we  know  that  the  idea  was 
thousands  of  years  old,  Darwin  gets  the  full  credit  for 
the  theory  of  evolution.  Darwin  worked  in  the  field 
of  animal  life,  but  his  theory  is  now  applied  to  every 
branch  of  science  and  every  realm  of  human  thought. 
Much  that  he  could  not  explain  is  now  much  clearer. 
Much  that  he  taught  has  been  misunderstood  and  much 
purposely  misrepresented.  To-day,  after  61  years, 
the  majority  of  people  do  not  yet  understand  the 
significance  of  the  phrase  "  sur\-ival  of  the  fittest." 
Our  modem  education  still  fails  to  produce  the  necessary 
intelligence  to  enable  the  average  man  to  realize  that 
fittest  does  not  necessarily  mean  best,  and  that 
in  many  cases  the  "  survival  of  the  fittest  "  means 
the  survival  of  the  worst  elements  in  society. 

Taylor  is  the  discoverer  of  Scientific  Manage- 
ment, just  as  Darwin  discovered  evolution.  Taylor 
applied  himself  to  industry  solely,  but  his  discovery 
has  much  wider  applications.  Taylor  was  handicapped 
by  the  very  limited  development  of  industrial  physiology 
and    psychology,    and    much    therefore    that    was    not 
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easy  for  him  to  solve  is  a  little  clearer  now.  Taylor 
has  been  misunderstood  by  friends  and  purposely  mis- 
represented by  enemies.  He  reaUzed  from  the  beginning 
that  the  craft  knowledge  of  the  skilled  man,  or  the 
common  sense  of  the  unskilled,  did  not  enable  them  to 
do  their  work  in  the  best  possible  manner.  He  was 
not  an  intellectual  theorist,  studying  at  second-hand 
the  experience  of  others  and  thus  producing  a  theory 
of  management  to  cure  all  troubles.  He  paid  in  very 
hard  work  for  his  experience,  and  starting  from  the 
place  of  the  individual  worker  at  the  machine,  and 
with  continual  and  thorough  scientific  investigation,  he 
built  his  system  upwards.  The  author  will  endeavour 
therefore  to  describe  it  in  the  same  manner. 

Motion  and  Time  Study. 

WTiat  Taylor  first  described  in  1895  as  elementary- 
rate-fixing  is  now  more  usually  called  Motion  and 
Time  Study.  Scientific  rate-fixing  involves  three 
problems  : — 

(i)  The  analysis  of  the  job  into  its  elemental  opera- 
tions by  means  of  an  investigation  into  the 
best  method  of  accomplishing  the  desired 
result. 

(2)  The  execution  of  the  job  by  a  first-class  man,  with 

tools  and  equipment  of  the  best  possible,  and 
the  timing  of  each  elemental  operation  thus 
carried  out. 

(3)  The  investigation  of  the  factors  of  environment 

and  nature  of  the  work  as  it  affects  the  physical 
and  mental  capacity  of  the  worker. 

This  third  factor  has  been  called  the  "  fatigue  " 
factor,  but  a  better  word  to  adopt  might  be  "  rest  " 
factor,  as  this  factor  is  the  period  allowed  for  rest  so 
that  the  worker  will  not  be  fatigued. 

Where  a  job  has  already  been  performed  in  the 
usual  rule-of-thumb  manner,  motion  study  always 
comes  first.  Where  a  new  job  is  to  be  performed  for 
the  first  time  under  the  Taylor  method,  motion 
study  or  analysis  may  not  be  necessary,  as  sufficient 
data  may  already  be  in  existence  to  give  both  the 
best  method  and  the  correct  times.  The  process  of 
fixing  rates  then  becomes  a  synthetic  one. 

In  the  early  days  of  engineering  almost  all  progress 
was  by  the  rule-of-thumb  method.  If  a  boiler  burst 
it  was  made  a  bit  stronger  next  time,  and  those  with 
the  best  instinctive  sense  of  such  things  naturally  made 
the  fewest  mistakes  and  the  greatest  progress.  Our 
engineering  forefathers  would  have  scorned  the  idea 
that  science  could  so  investigate  and  use  the  laws  of 
force  and  the  strength  of  materials  as  to  make  it  possible 
to  design  a  machine  on  paper.  They  imagined  the 
problem  to  be  too  complicated  for  any  such  solution. 
Scientific  Management  applies  to  the  expenditure  of 
human  effort  the  same  principles  that  have  been 
already  applied  to  design  with  such  marvellous  results. 

Scientific  Management  started  in  the  machine  shop, 
where  it  divides  all  work  into  two  parts  : — 

(i)  Work  done  by  the  workman. 
(2)  Work  done  by  the  machine. 


Taylor  had  to  concentrate  first  on  the  machine  part, 
and,  as  I  have  already  pointed  out,  this  great  work 
occupied  him  over  a  period  of  26  years  and  was  started 
in  18S0  to  find  an  answer  to  the  three  problems  that 
every  machinist  must  solve  in  some  way  or  other, 
viz. 

(i)  What  tools  to  use  ? 

(2)  What  cutting  speed  to  use  ? 

(3)  What  feed  to  use  ? 

Taylor  gives  us  12  variables  in  the  solution  of  these 
three  problems,  as  regards  turning  work. 

(i)  Number  of  tools  to  be  used  at  the  same  time. 

(2)  Size  and  shape  of  tools  to  be  used. 

(3)  Use  or  not  of  cooling  agent  on  tool. 

(4)  Life  of  tool  before  regrinding. 

(5)  Quality  of  metal  to  be  turned. 

(6)  Diameter  of  work. 

(7)  Depth  of  cut. 

(8)  Machine  feed. 

(9)  Machine  speed. 

(10)  Cutting  pressure  on  tool. 

(11)  Speed    combination    required    to    give    correct 

cutting    speed    and    the    required   pressure  on 
tool  to  take  the  cut. 
I        (12)   Stiffness  of  the  work. 

i  The  experiments  consisted  in  keeping  all  but  one 
variable  fixed,  and  varying  that  one  over  the  working 
range.  As  this  data  accumulated.  Dr.  Taylor  states 
that  he  often  felt  completely  baffled  as  to  how  to  apply 
1  it  and  he  invoked  the  assistance  of  some  of  the  best 
j  mathematicians.  He  says  "  they  all  smiled  when  told 
that  they  were  expected  to  solve  mathematically  a 
problem  containing  12  variables,  and  returned  the 
problem  with  the  statement  that  it  belonged  distinctly 
to  the  realm  of  rule-of-thumb,  or  empiricism,  and  could 
be  solved  only  by  the  slow  method  of  trial  and  error." 
The  problem,  however,  was  solved  by  Mr.  Carl  G. 
Barth,  a  Norwegian  technical  graduate,  who  joined 
Dr.  Taylor  in  1899.  Mr.  Barth  invented  a  wonderful 
series  of  slide  rules  by  means  of  which  Dr.  Taylor 
asserts  that  a  good  machinist  "  can  double  the  output 
of  a  machine  which  has  been  run,  for  example,  for 
10  years  by  a  first-class  machinist  having  exceptional 
knowledge  of  and  experience  with  his  machine  and  who 
has  been  using  his  best  judgment."  He  also  adds 
that  "  on  the  average,  this  understates  the  fact."  No 
more  obvious  example  can  be  found  of  the  value  of 
applied  science  in  eliminating  unnecessary  work.  The 
direct  saving  of  over  50  per  cent  is  also  indirectly 
increased  by  the  great  improvements  in  machine-tool 
design,  tool  steel,  belt  drive  and  everything  affecting 
machine  work,  which  arose  out  of  these  experiments. 

The  other  part  is  to  analyse  the  various  movements 
of  the  man  using  the  machine,  and  these  can  be  sub- 
divided into  three  parts : — 

(i)  Handling  of  tools. 

(2)  Handling  of  machines. 

{3)  Handling  of  material  or  job. 

The  first  is  the  more  important  and  represents  about 
75   per  cent  of  the  total  time.     The  handling  of   the 
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machine  comes  next  with,  say,  15  per  cent,  and  the  job 
itself  only  requires  about  10  per  cent  of  the  total  time. 
Handling  of  tools  involves  fixing  bolts,  clamps,  etc., 
on  the  job,  putting  tools  such  as  drills,  turning  tools, 
etc.,  into  the  machine,  and  measuring  the  work  with 
calipers,  gauges,  etc.  Handling  the  machine  consists 
of  stopping  and  starting,  changing  the  speed  or  feed, 
and  any  other  adjustments  of  the  machine  itself.  The 
times  required  to  perform  these  various  operations  on 
any  machine  must  be  tabulated  and  arranged  so  that 
they  are  easily  and  quickly  available,  like  the  actual 
times  for  the  machine  work. 

This  may  seem  laborious,  but  is  not  more  so  than 
the  collection  of  data  regarding  materials,  etc.,  that  is 
available  to  the  designer.  Most  work  can  be  reduced 
to  comparatively  few  elements.  The  following  example 
of  this  elemental  process  is  taken  from  Taylor's  paper 
on   "A  Piece  Rate  System." 

Work  done  by  Man.  Minutes. 

Lifting  job  from  floor  to  planer  table  .  .  . .  — 

Setting  work  true  on  table    .          .  .  . .  . .  — 

Clamping  job  to  table          . .          .  .  . .  .  .  — 

Removing  clamps  from  job             .  .  . .  .  .  — 

Remo\ing  job  from  machine  to  floor  .  .  .  .  — 

Cleaning  machine      . .          . .          . .  . .  . .  — 

Work  done  by  Machine.  Minutes. 

Rough  cut  \  in.  thick,  4  ft.  long,  2J  in.  wide     .  .     — 
Rough  cut  \  in.  thick,  3  ft.  long.  12  in.  wide       .  .     — 
Finish  cut  4  ft.  long,  2^  in.  wide    .  .  .  .  .  .     — 

Finish  cut  3  ft.  long,  12  in.  wide    .  .  .  .  .  .     — 

Total  — 

For  a  more  detailed  example  see  Appendix  i. 

The  author  has  given  these  particulars  in  some  detail 
because  of  their  great  historical  interest  and  because 
they  are  the  foundation  of  the  whole  structure  of 
Scientific  Management.  jMachine  work  lends  itself  to 
the  most  obvious  and  at  the  sam.e  time  highly  scientific 
analysis,  but  the  same  principle  applies  equally-  to 
fitting,  assembling,  and  all  human  operations.  In 
fact,  it  would  be  almost  as  difl&cult  for  the  science  of 
chemistry  to  exist  without  quantitative  analysis,  as 
for  S:ientific  Management  to  exist  without  elementary 
time  studv. 

Motion  and  time  study  give  the  minimum  time 
for  the  job  under  the  best  possible  conditions  with 
all  rest  pauses  eliminated.  Should  a  better  machine  or 
tool  be  designed,  the  new  time  for  these  new  conditions 
is  arrived  at  in  a  similar  manner.  The  Taylor  system 
does  not  demand  the  best  known  tools.  Each  factory- 
must  work  with  the  best  tools  available  to  it.  Taylor's 
method  applies  to  the  worst  possible  tools,  but  if  an 
employer  considers  it  good  poHcy  to  use  old  and  out- 
of-date  machinery,  he  must  pay  more  for  his  output, 
because  the  standard  times  will  require  to  be  higher. 

Fatigue  or  Rest  F.\ctor. 

The  objective  before  us  is  to  set  "  times  "  so  that 
not  only  is  there  no  overstrain  at  the  actual  time  of 
operation  and  no  loss  of  interest  in  the  work  done,  but 
that   there   is   no   chance   of   physical   or   mental   hurt 


resulting  to  the  worker  in  the  future  from  the  work 
done  to-day. 

In  this  field  of  investigation  we  leave  the  pro^^nce  of 
the  engineer  for  that  of  the  physiologist  and  psycho- 
logist. Taylor  and  the  early  pioneers  had  practically 
no  assistance  in  this  direction,  and  not  being  experts 
in  this  field  they  had  to  work  almost  solely  on 
common-sense  lines.  There  was  no  possibility  of  the 
knowledge  of  detail  in  this  direction  that  they,  as 
engineering  experts,  had  regarding  the  fixing  of  the 
standard-minimum  time.  It  is  not  fair  to  damn  the 
engineer  for  not  being  a  doctor  as  well.  The  engineer 
has  clearly  outlined  the  position  and  difierentiated  all 
labour  into  two  distinct  parts,  the  one  mechanical,  the 
other  physiological.  It  is  up  to  the  medical  profession 
to  concentrate  on  their  part  of  it. 

It  is  interesting  to  all  who  beheve  in  scientific  manage- 
ment that  the  Government  and  public  opinion  are  at 
last  waking  up  to  the  necessity-  for  industrial  hygiene. 
The  Government,  however,  seem  to  ignore  Taylor's 
discovers-,  either  through  ignorance  of  it  or  for  fear 
of  labour  antagonism,  and  are  setting  to  work  on  the 
vast  subject  of  human  labour  without  this  scientific 
differentiation  whifh  is  so  essential  to  a  sound  under- 
standing of  the  problem.  I  used  to  hope  that  motion 
and  time  study,  if  recognized  by  the  Government 
and  accepted  by  the  trade  unions,  would  bring  about 
the  scientific  study  of  industrial  fatigue  as  a  necessary 
corollan.-  and  thus  be  the  cause  of  humanizing  industry-. 
Interest  has,  however,  been  awakened  in  an  entirely 
different  manner.  The  ignorance  of  employers,  and 
especiallv  of  the  Government,  which  urged  hea\y  over- 
time during  the  first  years  of  the  war,  brought  about 
abnormal  fatigue  amongst  many  of  the  muniticn 
workers.  Because  of  this  e^-il  experience,  the  Govern- 
ment is  now  interested  in  industrial  fatigue,  and  sooner 
or  later  the  experts  are  bound  to  see  that  an  accurate 
knowledge  of  fatigue  will  also  demand  the  standardization 
of  normal  industrial  conditions  and  the  means  of  accur- 
ately measuring  the  human  effort  required  to  produce 
a  certain  result. 

Industrial  Fatigue  Research  Board. — In  December 
191 7,  at  the  instigation  of  the  Secretars-  of  State 
for  Home  Affairs,  a  Research  Board  was  appointed  by 
the  Department  of  Scientific  and  Industrial  Research 
and  the  Medical  Research  Committee  jointly  "  to  con- 
sider and  investigate  the  relations  of  hours  of  labour 
and  of  other  conditions  of  emplojonent,  including 
methods  of  work,  to  the  production  of  fatigues,  ha\ing 
regard  both  to  industrial  efficiency  and  to  the  presersa- 
tion  of  health  among  the  workers."  "  The  duty  of  the 
Board  will  be  to  initiate,  organize  and  promote  by 
research  grants  or  otherwise,  investigations  in  different 
industries  with  a  view  to  finding  the  most  favourable 
hours  of  labour,  spells  of  work,  rest  pauses  and  other 
conditions  applicable  to  the  various  processes  according 
to  the  nature  of  the  work  and  its  demands  on  the 
worker."  "  Reports  embodying  the  results  of  these 
investigations  will  be  issued  from  time  to  time  and  the 
Board  look  forward  to  recei\-ing  the  help  of  employers 
and  workmen  in  the  industries  which  are  studied  and 
in  appropriate  cases  representatives  of  both  ^^'ill  be 
in\-ited  to  seive  as  temporary'  members  of  the  Board." 
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The  Board,  as  constituted,  consists  of  six  medical 
experts,  one  being  a  psychologist.  There  are  in  addi- 
tion four  non-medical  Government  officials  and  three 
directors  of  large  companies.  The  two  distinct  func- 
tions involved  in  this  investigation  and  pertaining 
to  the  engineering  and  medical  professions  should 
not  be  confused,  and  from  this  point  of  view  the 
constitution  of  this  Board  seems  wrong.  The  em- 
ployer members  should  belong  to  another  Board  of 
engineering  and  production  not  business-experts,  and 
one-half  of  this  Board  should  consist  of  representatives 
of  the  trade  unions  who  must  be  men  of  actual  first-hand 
experience.  These  two  Boards  would  have  quite  distinct 
functions  to  perform,  but,  like  all  human  knowledge 
and  effort,  they  and  their  work  must  not  be  shut  up 
in  watertight '  compartments.  The  fullest  possible 
collaboration  and  co-operation  between  both  Boards 
would  be  necessary,  probablv  all  the  time,  but  especially 
when  each  had  made  some  substantial  headway. 

We  do  not  employ  doctors  as  rate  fixers,  why  should 
we  employ  engineers  to  study  physiology  and  psychology? 
At  the  best  we  engineers  can  only  be  amateurs  at  it. 
It  will  only  produce  another  failure  if  common  sense 
tries  to  solve  a  very  technical  subject  of  which  it  can 
have  no  expert  knowledge.  The  principle  of  Scientific 
Management  must  be  applied  to  all  such  matters. 
Functions  must  be  diffentiated  and  not  mixed  up. 
The  doctors  and  the  engineers,  both  being  technical 
experts,  should  understand  the  meaning  of  function. 
Why  let  the  politician  or  Government  official  muddle 
us  in  this  manner  ?  Some  reports  have  already  been 
published,  and  No.  3,  "  A  Study  of  Improved  Methods 
in  an  Iron  Foundry,"  is  most  illuminating  in  its  details 
and  extraordinary  in  its  attitude.  It  describes  "  study 
of  movements  "  and  "  system  of  payment,"  as  has  been 
described  in  this  paper  and  originally  described  by  Dr. 
Taylor  in  1895  ;  yet  this  Government  report  tends  to 
make  those  ignorant  of  the  details  of  Sjienlific  Manage- 
ment imagine  that  it  was  originated  by  the  managing 
director  of  this  foundry  in  1915.  Dr.  Taylor's  name 
and  the  word  "  scientific  "  are  not  once  used.  Science 
has  always  prided  itself  in  giving  credit  where  it  is  due, 
as  it  is  often  the  scientist's  only  reward.  Credit  is  due 
to  another  successful  application  of  Scientific  Manage- 
ment, but  why  this  conspiracy  regarding  its  originator  ? 
Why  the  impression  created  by  this  report  that  it  is  an 
isolated  case  with  little  significance  to  industry  as 
a  whole  ? 

Physiological  research. — A  most  fascinating  book  on 
this  subject  is  a  translation  (1918)  of  "  The  Physi- 
ology of  Industrial  Organization  "  by  Professor  Jules 
Amar,  Director  of  the  Laboratory  of  Physiological 
Research  in  the  Conservatoire  des  Arts  et  Metiers, 
Paris.  This  book  will  be  a  revelation  to  most  engineers 
who  are  interested  in  the  subject.  It  proves  that  the 
physiologists  have  solved  many  of  the  problems  of 
investigation  and  have  already  invented  the  machines 
which  make  it  possible  to  apply  the  results  to  industry. 

There  is  no  time  to  go  properly  into  details  in  this 
paper,  but  a  very  brief  description  will  be  given  of 
some  of  the  more  important  developments  fully  described 
and  illustrated  in  Professor  Amar's  book.  Instruments 
have  been  invented  for  recording  by  means  of  graphs 


— like  any  recording  electrical  measuring  instrument 
— the  variation  of  muscular  activity,  for  example,  when 
filing  metal  (see  Appendix  2).  The  same  dynamo- 
graphic  instrument  has  been  adapted  to  other  tools 
and  implements  such  as  hammers,  shears,  joiner's 
plane,  spade,  wheelbarrow,  etc.  By  means  of  these 
graphs  an  apprentice  or  unskilled  person  can  be 
trained  to  work  in  the  most  efficient  manner,  i.e. 
with  the  least  physical  effort,  also  the  work  of  experi- 
enced men  can  be  checked  and  improved  if  below  the 
best  possible  standard.  The  graphs  show  both  the 
vertical  and  horizontal  components  of  the  muscular 
pressure  exerted  by  the  hands  of  the  worker,  and 
the  respirations  of  the  worker  are  simultaneously 
recorded,  also  the  measurement  of  the  quantity  oi 
oxygen  consumed. 

The  quantity  of  oxygen  used  by  the  worker  is  an 
accurate  measure  of  the  human  energy  he  has  used  up. 
This  is  calculated  by  means  of  the  respiration  gauge  or 
eudimometer  which  measures  the  oxygen  inhaled  and 
exhaled.  One  litre  of  oxygen  is  equivalent  to  4"9 
calories,  the  large  calorie  here  used  being  the  quantity 
of  heat  required  to  raise  the  temperature  of  one  litre 
of  pure  water  from  0°  to  1°  C.  During  repose  it  is 
found  that  an  adult  expends,  on  an  average  throughout 
the  year,  2,100  calories  in  24  hours,  just  to  keep  his 
body  going.  The  heaviest  day  of  manual  work  con- 
sumes in  addition  2,000  to  2,500  calories.  Intense 
brain  work,  on  the  other  hand,  requires  almost  no 
calories. 

Professor  Amar  says  :  "A  man  who  expends  2,400 
calories  in  24  hours  barely  expends  10  calories  more 
when  he  devotes  himself  to  long  meditations,  resolves 
difficult  equations,  makes  learned  calculations,  and  in 
short,  thinks  for  eight  hours  a  day."  The  calorimetric 
chamber,  with  which  such  fine  measurements  can  be 
made,  was  one  of  Mr.  Carnegie's  gifts  and  is  said  to  have 
cost  over  ;f40,ooo. 

In  other  experiments,  actual  fatigue  can  be  tempo- 
rarily produced  and  the  blood  circulation  measured 
by  means  of  the  cardiograph  (heart-beats),  the  sphyg- 
mograph  (pulse),  and  the  oscillometer  (arterial  pressure), 
which  measures  the  highest  and  lowest  pressures 
successively.  All  these  graphs,  which  are  called 
cardiograms,  pneumagrams,  tonograms,  etc.,  can  be 
compared  with  similar  ones  made  during  repose 
or  normal  effort.  These  examples  do  not  exhaust 
the  list  of  instruments  already  invented  and  perfected, 
but  they  are  sufficient  to  indicate  how  much  these 
French  physiologists  have  already  accomplished. 

Four  scientific  laws  have  been  established  equivalent 
to  the  well-known  laws  of  physics.  The  first  three  are 
called  the  Laws  of  Chaveau  and  the  last  is  due  to 
Professor  Amar. 

(i)  The  expenditure  of  energy  is  in  proportion  to  the 
muscular  effort  of  contraction,  to  its  duration,  and  to 
the  degree  of  contraction. 

(2)  The  expenditure  of  energy  required  to  perform  a 
given  amount  of  work  diminishes  in  proportion  as  the 
rapidity  of  the  muscular  contractions  increases. 

(3)  There  is  a  most  favourable  effort  and  a  most 
favourable  speed  for  the  performance  of  the  maximum 
of  work  with  the  minimum  of  fatigue. 
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(4)  A  muscle  returns  more  speedily  to  its  condition 
of  repose  in  proportion  as  its  work  has  been  more 
rapidly  performed. 

The  author  trusts  that  what  he  has  said  on  the  study 
of  industrial  fatigue  will  not  be  considered  too  lengthy 
in  view  of  the  fact  that  he  considers  these  details  to  be 
beyond  the  function  of  the  engineer.  His  idea  in  giving 
so  much  is  to  arouse  the  engineer's  interest  in  what  is 
not  only  a  subject  of  vital  importance  and  of  engrossing 
technical  and  human  interest,  but  a  subject  which 
directly  affects  his  profession.  The  physiologist  must 
have  the  fullest  sjTnpathetic  support  and  practical 
assistance  of  the  engineers,  and  these  details  will,  the 
author  hopes,  show  the  engineer  that  the  physiologist 
is  very  much  farther  advanced  than  the  engineering 
profession  reahzes,  and  that  he  is  really  in  a  position 
to  commence  important  operations  at  once. 

Industrial  Rese.\rch  Organization. 

Industry  should  bear  the  expense  of  continual 
industrial  research  both  in  methods  of  work  and 
in  fatigue ;  and  as  all  labour  in  the  ultimate  is  so 
much  ahke,  such  research  should,  to  prevent  overlapping, 
be  on  a  national  scale,-  and  should  therefore  be  carried 
out  by  the  Government  with  the  help  and  co-operation 
of  the  employers'  federations  and  the  trade  unions  in 
each  industry.  There  is  an  immense  amount  of  investi- 
gation to  do,  and  what  little  knowledge  has  been  ac- 
quired has  been  still  less  applied.  In  the  appUcation, 
therefore,  as  we  start  almost  from  zero,  a  little  will 
quickly  make  a  great  difference.  The  change  in  mental 
attitude  alone  will  be  an  enormous  gain  to  the 
commur.it)-. 

The  setting  of  standard  times  would  probably  be 
done  by  specially  trained  experts  representing  equally 
the  masters  and  men.  This  would  be  done  for  one 
entire  industrv'  such  as  engineering,  assuming  all 
conditions  to  be  the  same.  Then  each  territorial  district 
such  as  the  Clyde,  the  Tj-ne,  the  Midlands,  South  Wales, 
etc.,  would  decide -if  the  local  conditions  were  better 
or  worse  than  the  standard  for  the  whole  country,  and 
this  would  give  a  local  factor  governing  the  national 
standard.  This  district  factor  would  have  nothing 
to  do  with  the  local  cost  of  li\'ing,  but  only  with  the 
geographical  and  climatic  conditions  aflfecting  the 
producing  capacity  of  the  workers. 

In  each  works  expert  investigation — also  by  repre- 
sentatives of  employers'  federations  and  trade  unions 
— would  be  required  of  the  machines,  lighting,  heating, 
ventilation,  management,  in  fact  everytliing  affecting 
the  capacity  of  the  worker  to  produce.  This  would 
give  a  shop  factor  for  each  individual  works.  The 
workers  in  badly  equipped  factories  and  with  bad 
environment  would  be  protected  by  higher  rates  and 
their  employers  would  be  thus  penaUzed.  Sweating 
would  be  impossible.  These  local  adjustments  would 
of  course  affect  both  the  fatigue  factor  and  the 
standard  time.  The  times  set  for  all  work  would 
be  in  accordance  with  the  mental  and  physical  effort 
required  to  perform  the  work,  not  necessarily  under 
ideal  conditions  but  under  actual  conditions,  and  such 
a  system  would  always  tend  to  make  the  actual  approxi- 
mate to   the  ideal.     This  organization   for   the   expert 


investigation  of  national,  district,  and  shop  stan- 
dards or  factors  follows  the  organization  of  the 
WTiitley  scheme,  the  essentials  being  that  the  investi- 
gators must  be  first-hand  experts  and  their  functions 
must  not  be  mixed  up.  Such  a  scheme  could  be  appUed 
to  find  international  standards  of  production  and  thus 
make  more  possible  of  accomplishment  the  Labour 
aims  of  the  League  of  Nations. 

Paymext-by-Result. 

With  the  best  possible  system  of  management,  it  is 
still  necessary  to  give  incentive  to  the  worker  if  maximum 
output  is  to  be  obtained.  Mr.  Lloyd  George  recently 
(.\ugust  1919)  announced  that  the  Government  intend 
to  investigate  profit-sharing  as  one  of  the  essentials 
to  better  co-operation  between  capital  and  labour. 
The  Federation  of  British  Industries  had  just  pre- 
viously pubhshed  a  report  condemnmg  profit-sharing 
as  popularly  understood  and  advocating  payment-by- 
result.  Profit-sharing  is  proved  unsatisfactory  when 
scientifically  investigated,  and  it  is  therefore  regrettable 
that  more  time  should  be  lost,  travelKng  once  again 
along  this  old  cul-de-sac.  The  F.B.I,  report  contains 
the  following  statement : — • 

"  If  the  system  of  payment  by  results  is  to  become 
general,  it  is  essential  that  employers  should  establish 
equitable  systems  for  fixing  piece  rates,  and  that  there 
should  be  some  reasonable  procedure  for  the  sanctioning 
by  an  impartial  authority  of  any  adjustment  which 
mav  prove  necessary'." 

It  seems  e\-ident  from  this  that  Scientific  Management 
is  not  yet  understood  by  the  employers,  and  if  this  is 
so,  why  should  we  expect  the  Government  to  lead  where- 
our  industrial  experts  fail  ?  Without  accurate  measure- 
ment of  work,  payment-by-result  is  only  a  catchword. 

The  best  incentive  to  steady  and  ef&cient  work  is 
provided  by  a  payment  to  the  individual  worker  as 
soon  as  possible  after  the  job  is  finished,  ^^■here  times 
are  set  by  the  Taylor  method,  few  mistakes  are  made. 
Where  the  employers  only  have  set  the  times,  the  men 
are  allowed  more  time  where  the  mistake  is  against 
them,  but  where  it  is  against  the  employer  it  must 
remain,  ^^'hen  both  masters  and  men  set  the  time,  as 
I  have  already  described,  mistakes  are  still  less  hkely 
to  arise  and  can  be  easily  rectified.  With  correct  times 
it  is  not  necessary  to  cut  the  rates  as  masters  have 
always  done  on  piece  work,  which  beha\-iour  on  their 
part  is  one  of  the  principal  causes  of  the  restriction  of 
output  by  the  men.  With  Scientific  Management  the 
masters  do  not  require  to  protect  themselves  by  elaborate 
premium  systems  which  the  men  do  not  understand 
and  which  thus  arouse  their  suspicion  and  antagonism. 
Taylor  devised  a  differential  piece-rate  system,  which 
was  a  cross  between  ordinary  piece  work  and  premivm 
bonus.  As  aheady  explained,  he  paid  an  increased 
rate  above  a  certain  minimum  on  which  the  ordinary 
piece-rate  was  fixed.  The  difficulty  with  the  differen- 
tial piece-rate  is  that  rates  as  set  by  Scientific  Manage- 
ment are  based  on  the  standard  minimum  time. 
Even  with  the  fullest  instructions  the  workers  require 
some  time  to  get  out  of  the  old  inefficient  method  and 
become  experienced  in  the  new.  Taylor's  payment 
sj-stem  penaHzes  them  too  much  at  the  start,  although 
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quite  fair  to  them  afterwards.  Mr.  H.  L.  Gantt,  one 
of  Taylor's  first  and  foremost  assistants,  got  over  this 
initial  difficulty  by  developing  what  he  called  the 
"  task  and  bonus  "  system,  which  pays  a  bonus  instead 
of  a  piece  rate  and,  when  the  bonus  is  not  earned, 
pays  the  standard  time  wages.  I  would  point  out  that 
Scientific  Management  does  not  urge  any  special  sj'stem 
of  piace  work  or  premium  bonus.  Any  of  them  which 
provides  incentive  will  do,  but  the  simpler  the  better. 
Some  imagine  that  premium  bonus  as  we  know  it  to-day 
is  just  the  same  as  Scientific  Management,  but  this  is 
quite  erroneous.  These  payment  schemes  increase  the 
worker's  wages  and  are  thus  used  to  produce  incentive 
and  get  output  at  lower  cost.  They  are  devices,  just 
as  machines  are  devices,  and  Scientific  Management 
always  uses  the  best  possible  devices  that  are  available, 
but  any  combination  of  these  devices  is  not  necessarily 
Scientific  Management. 

The  share  of  the  saving  effected  which  should  be 
allocated  to  the  worker,  must  be  determined  by  the 
employers'  federations  and  trade  unions.  The  probability 
is  that  the  saving  should  be  halved,  and  this  is  probably 
more  on  tlie  side  of  the  worker,  because  Scientific 
Management  means  greatly  increased  effort  and  intelli- 
gence on  the  part  of  the  employer,  as  compared  with 
the  present  state  of  aftairs. 

Attitude  of  trade  unions. — The  trade  unions  have 
always  professed  hatred  of  both  piece  work  and 
premium  bonus,  but  more  especially  the  latter,  as  they 
think  that  the  former  gives  the  worker  more  control 
over  his  time.  With  Scientific  Minagement  making 
it  possible  to  measure  labour  effort  accurateh',  premium 
bonus  gives  more  steady  incentive  than  piece  work,  and 
thus  means  more  output  and  more  pay  for  the  worker. 
The  worker  is  guaranteed  his  hourly  wages  at  the  start, 
and  if  after  reasonable  time  he  does  not  come  up  to 
the  standard  and  earn  a  fair  bonus,  he  must  be  found 
other  work  better  suited  to  him. 

Scientific  Management  makes  a  study  of  the  man 
and  selects  the  best  man  for  the  job.  It  differentiates  ■  j 
and  grades  labour,  and  that  is  another  reason  why  the 
trade  unions  are  against  it.  In  the  initial  stages  of 
the  struggle  against  the  employers  the  unions  had  to 
fight  on  the  basis  of  the  average  man.  Now  that  the 
unions  have  won  full  recognition  in  this  country  so 
that  noa-unionists  are  not  recognized  in  negotiations 
between  masters  and  men,  it  seems  no  longer  a  sound 
policy  for  the  unions  to  continue  to  penalize  their  best 
men  by  maintaining  a  medium  standard  of  work  and 
pay  for  all  degrees  of  skill  and  experience.  Democracy 
is  presumed  to-day  to  mean  the  ultimate  rule  and  reward 
of  the  average  man,  but  unless  it  is  willing  to  compen- 
sate its  best  men  a  bit  better  than  the  average,  its 
progress  will  be  inevitably  slow.  Democracy  has  now 
got  control  if  it  learns  how  to  use  it,  and  with  control 
it  can  afford  to  take  what  appeared  to  be  great  risks 
in  the  earlier  stages,  and  with  great  gain  to  itself. 

Nothing  that  has  been  said  regarding  Scientific 
Management  and  payment  by  result  entrenches  on 
the  right  of  the  worker  to  fight  for  higher  wages. 
Statistics  show,  however,  that  50  per  cent  of  strikes  are 
due  to  local  troubles,  none  of  wliich  should  arise  under  1 
Scientific  Management  correctly  applied.     The  elimina-   | 


tion  of  50  per  cent  of  strikes  would  still  further  reduce 
the  remainder  due  to  the  general  industrial  atmosphere 
being  so  much  the  clearer. 

Scientific  Management  ceases  to  deal  with  labour  as 
a  commodity  subject  to  supply  and  demand,  and  conse- 
quently all  employers  should  pay  the  same  amount 
for  the  same  ser\-ice  done,  irrespecti\-e  of  whether  their 
works  are  isolated  in  a  country  district  or  situated  in 
a  crowded  town.  The  geographical  situation  of  an 
engineering  works  should  not  affect  the  labour  cost  to 
the  employer,  as  this  at  present  affects  prices  and  profits 
which  are  not  geographical  and  thus  gives  unfair  advan- 
tage. Likewise  it  should  not  afJect  the  real  earnings 
of  the  workers.  This  is  allowed  for  now  by  different 
wages  in  different  districts,  so  that  in  order  to  equalize 
costs  and  thus  stabilize  prices  and  profits,  the  em- 
ployers in  districts  where  living  is  cheaper  and  wages 
consequently  lower  would  pay  the  difference  from  the 
average  or  highest  rate  into  a  common  fund  to  be  used 
for  industrial  research  in  the  industrv  concerned. 


Instructiox  of  Workers. 

After  analysing  tlie  job,  fixing  the  time,  method  of 
payment,  and  selecting  the  proper  man.  Scientific 
Management  then  proceeds  to  teach  the  man  how  the 
job  should  be  done.  The  teachers  are  the  best  men 
picked  out  of  the  shop.  This  means  therefore  a  better 
and  higher  class  of  job  for  these  men,  which  will  call 
on  all  their  mechanical  experience  and  also  develop 
their  characters  bv  the  tact,  initiative,  and  ability  they 
will  require  to  instruct,  assist,  and  handle  the  men  on 
the  job.  A  worker  who  has  been  instructed  carefully 
and  sympathetically  in  this  manner  will  naturally  be 
able  to  do  better  and  more  difficult  work  than  under 
the  present  system.  Scientific  Management  raises  both 
the  teacher  and  the  worker  to  a  higher  level  of  intellect 
and  character.  The  close  contact  of  the  worker  with 
the  more  liighly  trained  and  intelligent  instructor,  and 
the  knowledge  and  habits  acquired  by  working  in  the 
best  possible  manner,  are  gains  to  him  which  will  affect 
his  mental  attitude  far  beyond  the  confi.nes  of  his  job, 
no  matter  how  simple  it  is.  The  consciousness  tliat 
his  efficiency  and  increased  skill  enables  him  to  do 
more  difficult  work  than  he  could  otherwise  do,  increases 
his  self-respect  both  as  a  worker  and  as  a  citizen.  The 
improvement  in  his  physical  and  mental  welfare  due  to 
the  elimination  of  useless  work,  and  the  transformation 
of  the  wattless  component  into  useful  work,  greatly 
improve  his  power  factor.  The  ability  to  do  more 
work  and  better  work  with  the  same  or  less  energy 
than  previously  required  for  inferior  work,  combined 
with  the  incentive  of  a  higher  reward,  increases  his 
power  of  concentration  and  consequently  his  interest 
in  the  work.  Scientific  Management  creates  interest 
and  incentive — not  monotony.  It  neither  sweats  nor 
stultifies  the  worker,  but  has  a  stimulating  and  tonic 
effect  on  his  character. 

The  unions  do  not  like  all  this  because  they  think 
it  lessens  the  value  of  craftsmanship  and  makes  the 
employer  less  dependent  on  the  skilled  man.  As  a 
matter  of  fact.  Scientific  Management  has  the  same 
tendency  as  the  introduction  of  improved  machinery.     It 
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may  temporarily  displace  labour,  but  ultimately  it  will 
mean  the  employment  of  as  many  craftsmen  as  we  ha\'e 
now,  and  many  more  men  recruited  from  them,  with  a 
higher  training  than  is  necessary  under  the  present 
system.  The  tendency  is  to  raise  the  standard  of  each 
individual  all  the  way  up  from  the  lowest  to  the  highest. 
Dr.  Taylor  held  very  strong  views  on  this.  He  explained 
to  me  how  once  he  had  been  severely  criticized  by  his 
superiors  because  he  had  helped  his  best  assistant  to  get 
anoth:?r  job  in  another  company.  They  argued  that  he 
had  lost  the  services  of  a  good  man.  Taylor  main- 
tained that  it  was  bad  policy  to  keep  any  man  at  a  job 
if  he  was  capable  of  a  bigger  job.  If  it  was  not  possible 
to  promote  him,  a  better  job  must  be  found  for  him  in 
another  company.  By  doing  this  he  always  had  the 
complete  confidence  and  loyalty  of  all  his  assistants 
and  maintained  their  incentive,  as  they  knew  they 
would  under  all  circumstances  be  rewarded  according 
to  their  efforts.  This  is  a  great  gain,  greater  than 
the  actual  loss  of  an  individual  grown  too  big  for  the 
organization.  It  is  a  gain  to  the  individual,  to  the 
industry,  and  to  society.  It  is  the  scientific  spirit  at 
its  best,  and  no  example  could  refute  more  strongly 
the  statements  of  its  opponents  that  Scientific  Manage- 
ment is  nothing  but  an  allround  degradation  of  the 
worker. 

Shop  Organization. 

As  Taylor  specialized  the  work  of  the  manual  worker, 
so  he  specialized  the  shop  and  office  organization  on 
the  same  functional  basis.  Science  can  be  applied  to 
the  financial  and  commercial  sides  of  business,  but 
Taylor  concentrated  entirely  on  the  production  part 
of  it.  The  functional  basis  is  a  considerable  departure 
from  the  old  S}-stem  with  works  manager,  head  foreman, 
assistant  foremen,  chargemen,  and  leading  hands. 
Taylor  spUt  up  shop  management  into  eight  functions 
because  it  is  ne.xt  to  impossible  to  find  one  man  with 
the  necessarj'  qualities  and  experience  to  exercise  all 
or  several  of  these  functions,  so  he  takes  eight  men  and 
puts  them  each  to  perform  a  definite  function.  Four 
of  these  are  located  in  the  shop  and  four  in  the 
ofiftce. 

In  the  shop  we  have  what  he  calls  the  gang  boss, 
the  foreman  responsible  for  preparing  the  job  for  the 
worker,  getting  out  drawings,  instructions,  jigs,  tools 
and  material,  everything  the  man  requires,  but  who  is 
not  concerned  with  the  actual  work  done  on  the  job. 
Tliis  is  attended  to  bj-  the  speed  boss,  who  sees  that 
the  proper  tools  are  employed  and  the  best  speeds, 
feeds,  and  depths  of  cut  are  used.  The  inspector 
is  well  known  to  us  under  our  present  sj-stem  and  is 
responsible  for  passing  the  quality  of  work  before  bonus 
is  paid.  Without  inspection  of  results.  Scientific  Manage- 
ment is  impossible.  The  fourth  man  in  the  shop  is 
the  repair  boss,  who  is  responsible  for  the  mainten- 
ance of  the  machines.  This  system  assumes  the  e.xercise 
of  equal  authority  by  each  functional  foreman,  and  to 
get  over  this  division  of  authority  it  can  be  modified 
on  what  is  called  a  staff  and  line  basis,  somewhat 
similar  to  modern  army  organization.  One  foreman  is 
in  authority  and  is  assisted  by  others,  each  expert  in 
his  special  functions. 


Office  Organization. 

All  possible  clerical  work  is  removed  from  the  shop 
to  the  office  as  the  qualities  required  by  the  shop  foremen 
make  bad  clerks  of  them.  The  head  and  heart  of  the 
production  system  in  the  office  is  the  planning  depart- 
ment which,  according  to  Taylor,  has  also  four  distinct 
functions.  The  order-of-work  or  route  clerk  makes 
out  daily  lists  covering  "  the  exact  order  in  which 
the  work  is  to  be  done  by  each  class  of  machine  or  men." 
The  instruction-card  clerk  issues  all  the  necessary 
instructions  to  the  workers.  The  time-and-cost  clerk 
gives  the  men  all  information  they  may  demand 
regarding  times  and  rates,  and  collects  from  them  data 
for  the  cost  records.  Lastly  there  is  the  shop  discip- 
linarian, who  acts  as  peacemaker  between  men  and 
foremen  and  adjusts  all  disputes.  The  above  is  detailed 
for  a  machine  shop,  but  it  is  more  or  less  the  same  in 
principle  for  other  departments  and  other  industries. 

Planning  department. — It  is  easy  to  see  where  the 
old  approximates  to  the  new  and  where  we  are  at 
present  making  progress  along  these  lines.  Planning 
departments  have  already  come  in  some  works, 
but  many  are  in  a  rather  embryonic  state.  The 
planning  department  has  two  chief  functions  to 
perform.  The  one  which  gives  it  its  name  requires 
mucli  information  to  plan  properly,  and  much  energy 
and  initiative  actually  to  push  forward  produc- 
tion through  all  the  various  channels.  The  other 
function  is  the  purely  clerical  one  of  keeping  records. 
If  a  company  has  therefore  no  cost  records  or  other 
reliable  data,  the  first  necessity'  is  to  get  a  cost  system 
started.  Even  if  the  Taylor  s}-stem  of  motion  and 
time  study  cannot  be  adopted  because  of  the  attitude 
of  the  men,  the  ordinary  rate-fixer  will  be  necessarj-. 
The  instruction  part  of  the  system  requires  collabo- 
ration with  the  drawing  office  and  the  shop  foremen, 
also  the  exercise  of  much  tact  with  the  men.  It  is 
practically  non-existent  in  our  present  system.  The 
peacemaker  has  arrived,  but  we  usually  call  him  a 
welfare  superintendent. 

In  this  system  therefore  of  functional  management, 
there  is  nothing  startlingly  novel.  Some  will  say  there 
is  nothing  new  at  all  in  the  office  system  ;  but  there  is. 
There  is  something  more  than  planning  necessary  to 
success.  The  planning  department  must  see  that  its 
plans  are  carried  out.  To  quote  Mr.  Gantt — "  The 
authority  to  issue  an  order  involves  the  responsibility' 
to  see  that  it  is  properly  executed."  If  there  is  a  check 
anywhere  in  the  process  of  production  due  to  lack  of 
men,  machines,  tools  or  material,  it  is  up  to  the  planning 
department  to  forestall  that  check  if  possible  by  seeing 
it  in  advance,  and  if  this  is  not  possible,  to  see  that  it 
lasts  the  minimum  time,  by  altering  the  plan  or  hustling 
and  assisting  the  departments  at  fault.  The  drawing 
up  of  a  plan  of  work  is  comparatively  easy  and  seldom 
produces  results.  It  is  the  execution  of  the  plan  that 
determines  the  efficiency  of  the  organization. 

Some  businesses  lack  almost  any  system.  Others 
have  systems  which  only  plan,  and  once  the  plan  is 
set  in  motion  it  is  allowed  its  ovm  time  to  overcome 
obstacles.  Scientific  Management  plans  down  to  the 
smallest  detail,  but,  without  the  executive  abihtj-  and 
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energ>'  to  carry  it  through,  such  planning  becomes  little 
but  a  useless  burden  to  be  carried.  Scientific  Manage- 
ment requires  a  more  capable  management  and  a  better- 
trained  staff.  It  is  not  a  system  which  can  be  started 
by  an  expert  and  then  left  to  subordinates  to  run.  It 
demands  men  of  initiative  at  the  top,  with  broad  \-iews 
and  sound  judgment. 

Reputed  Failures  of  Scientific  ^Management. 

In  many  cases  the  pioneer  experts  found  the  masters 
more  opposed  than  the  men  to  Scientific  Management. 
In  some  large  corporations  the  experts  exposed  corrup- 
tion, and  the  experts  had  to  go  and  their  system  was 
damned.  In  other  cases  employers  lacked  the  ability 
to  carry  on  the  proper  system  themselves  and  only 
retained  part  of  the  paraphernalia  of  management, 
which  without  the  true  spirit  is  worse  than  useless. 
Other  employers  adopted  it  only  in  part,  as  they  were 
afraid  of  the  increased  establishment  charges.  No  firm 
should  attempt  the  introduction  of  Scientific  Manage- 
ment, even  with  the  appro\-al  of  the  men  and  the  unions, 
unless  the  office  and  shop  organizations  have  first  of 
all  been  put  into  shape  as  has  been  outlined  in  this 
paper.  Without  this  organization  to  assist  the  worker 
at'  all  points,  nothing  but  disaster  will  result  from  the 
attempt  to  increase  output  by  means  of  Scientific 
Management  in  the  machine  shop  and  factory. 

Daring  the  war  the  British  Government  pleaded  for 
increased  output,  which  with  a  limited  amount  of 
labour  could  only  be  achieved  by  increased  efficiency. 
They  placed  big  contracts  on  "  time  and  lime."  They 
paid  anything  in  wages  and  restricted  estabhshment 
charges  to  the  minimum.  The  waj'  to  make  profits 
was  to  have  the  highest  possible  labour  cost  and  the 
lowest  establishment  charge,  i.e.  the  minimum  efficiency 
of  labour.  The  Ministry  of  Munitions  still  refuse  to 
recognize  efficiency  as  a  claim  against  excess  profits, 
but  claim  the  right  to  penalize  the  producer  for  increased 
establishment  charges.  The  Government  beha\'iour  has 
helped  to  lessen  output  and  increase  costs  in  shipyards 
and  engineering  works,  and  in  the  coal  mines  almost 
all  incenti\-e  has  been  destroyed.  A  great  responsibility 
rests  with  the  Government  and  their  ad%-isers. 

Scientific  Individualism  versus  Socialism. 

The  present  individualist  system  is  more  strongly 
attacked  now  than  it  has  ever  been,  and  the  Government 
has  been  the  means  of  greatly  discrediting  it.  The  cry  of 
the  State  Socialists  is  that  the  present  system  is  inefficient 
and  a  failure.  Labour  knows  very  little  about  the 
difficulties  of  production  organization,  and  nothing 
about  sales  and  finance,  and  consequently  it  assumes 
there  is  little  or  nothing  to  know.  It  sees  the  result 
of  the  inefficiency  of  organization  every  day  in  the 
daily  work,  and  the  agitators  do  the  rest.  Remove 
inefficienc}',  raise  wages,  shorten  hours,  improve  condi- 
tions, create  incentive,  and  individualism  will  beat  any 
form  of  sociaUsm. 

To  quote  Dr.  Taylor  :  "  Among  the  risks  of  a  manu- 
facturing business,  by  far  the  greatest  is  bad  manage- 
ment. This  risk  arises  not  so  much  from  the  evident 
mismanagement,  which  plainly  discloses  itself  through 
occasional   strikes    and    similar    troubles,    as    from    the 


daily  more  insidious  and  fatal  failure  on  the  part  of 
the  superintendents  to  secure  anything  even  approaching 
the  maximum  work  from  their  men  and  machines." 
This  "  daily  more  insidious  and  fatal  failure  "  is  pre- 
eminent in  most  Government  undertakings. 

Is  it  our  respect  for  material  things  that  makes  us 
accept  the  great  economies  in  its  use  that  science  has 
made  possible  ?  Is  it  our  ignorance  and  pseudo-respect 
for  man  that  causes  us  to  refuse  the-  application  of 
science  to  the  economy  of  human  effort,  and  thus 
condemns  man  to  perform  work  of  which  from  50  to 
75  per  cent  has  been  proved  to  be  useless  whenever 
science  has  been  applied  ?  Material  things  have  still 
a  stranglehold  on  humanity,  and  to  those  who  live  for 
materialistic  aims  the  economy  of  labour  onlv  appeals 
from  that  vicious  point  of  view.  That  may  satisfac- 
torily explain  the  prejudices  of  socialist  and  social 
reformer  to  Scientific  Managem.ent,  tut  it  saj's  very 
little  for  the  long-distance  mental  vision  of  the 
intellectuals  that  they  think  it  possible  to  build 
up  their  industrial  Utopias  while  retaining  rule-of- 
thumb  methods  in  the  workshop. 

Guild  Socialism  seeks  to  raise  the  status  of  the  working 
man  by  the  methods  of  the  politician.  The  word  "  com- 
mittee "  has  become  almost  a  magic  one  in  these  days. 
Whenever  there  is  a  difficult  problem  to  solve,  the 
Government  appoints  a  Committee  to  investigate  it. 
MTiat  a  travesty  of  the  truth  it  is  to  think  of  the  late 
Coal  Commission,  for  example,  as  a  scientific  investiga- 
tion. It  was  one  of  the  most  glaring  examples  of  how 
investigation  should  not  be  carried  out.  It  was  the 
negation  of  the  scientific  ideal. 

We  are  ruled  by  opinion,  and  scientific  fact  is  held 
to  be  of  secondary  value.  The  unscientific  opinions 
of  the  majority  are  not  the  truth.  Democracy  is  a 
theory  of  politics  founded  on  payment  by  results.  If 
the  electorate  are  slack  or  foolish,  they  suffer  ;  if  wise, 
they  are  rewarded.  Our  politics  are  ^•ery  rule-of- 
thumb,  and  until  the  people  have  knowledge  in  place 
of  opinions  and  prejudices,  the  demagogue  will  always 
score  over  all  who  try  to  lead  and  not  fool  the  people. 

Scientific  Management  is  condemned  by  the  Guild 
Socialists  as  an  industrial  bureaucracy  which  destroj'S 
the  freedom  and  responsibility  of  the  workers.  How 
can  the  endless  discussions  of  innumerable  committees 
gain  greater  freedom  for  the  workers  when  the  perform- 
ance of  utterly  useless  work  in  the  shop  is  considered 
to  be  an  essential  of  such  freedom  ?  How  does  the 
execution  of  work  in  the  most  efficient  manner  lessen 
the  responsibility  of  the  worker  ?  Unless  democracy 
is  able  to  evohe  an  expert  bureaucracy  which  it  will 
be  able  to  control  as  its  servant,  and  not  suffer  it  to 
become  its  master  as  at  present,  then  the  payment  of 
democracy  will  be  suffering  and  that  ultimately  means 
revolution.  Industry  is  a  simpler  field  than  politics, 
and  it  is  therefore  easier  to  arrange  the  necessary 
safeguards,  which  have  been  described  above  and 
which  will  ensure  that  those  who  carry  out  Scientific 
Manageinent  are  the  servants  of  an  intelligent 
democracy  of  labour.  Individualism,  directed  bj'  the 
scientific  knowledge  of  experts  and  recognized  as  such 
by  the  educated  intelligence  of  the  workers,  will  carry 
civilization  more  quickly  to  a  higher  plane  than  socialism 
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based  on  discursive  and  rule-of-thumb  methods  of 
production.  Further  advance  will  be  by  knowledge 
gained  in  the  laboratory  and  the  application  of  the 
scientific  method  throughout  the  whole  realm  of  human 
effort. 

Conclusion. 

In  i8ig,  a  century  ago  and  four  years  after  Waterloo, 
this  country'  reached  its  lowest  point  of  misery.  In 
spite  of  that,  and  due  to  the  invention  of  machinery, 
we  became  the  greatest  producing  country  in  the  world. 
We  shall  probably  reach  our  lowest  point  in  less  than 
four  years  from  the  Armistice,  but  it  is  not  likely  that 
the  invention  of  machinery  will  save  us  this  time.  Our 
prosperity  a  century  ago  was  due  to  the  fact  that  other 
countries  did  not  have  machinery.  Now  it  is  common 
to  the  civilized  world,  and  our  prosperity  will  depend 
on  our  ability  so  to  organize  human  effort  that  we  shall 
be  able  to  produce  more  with  less  labour.  Material 
wealth  must  no  longer  increase  the  power  and  comforts 
of  the  few  :  its  justification  must  be  the  amelioration 
of  the  lives  of  the  many.  We  fail  to  distinguish  between 
wealth  and  our  attitude  towards  it.  We  cannot  have 
too  much  wealth  if  we  will  only  consider  it  of  secondary 
importance.  It  is  because  there  is  too  little  wealth 
and  not  too  much  that  so  many  abuses  have  arisen. 
The  orthodox. view  of  life  is  that  character  is  developed 
by  means  of  work,  and  there  is  no  qualification  that  it 
must  be  efficient  work.  We  must  surely  agree  that 
some  work,  even  if  efficient,  cannot  by  its  very  nature 
develop  the  intelligence  and  the  character  to  the  same 
extent  as  other  work.  Granted  this,  we  must  agree 
that  a  great  amount  of  manual  labour  and  clerical 
work  is  in  this  category,  and  once  we  have  the  honesty 
to  face  this  fact,  we  see  that  the  ideal  of  raising  the 
worker's  outlook  by  means  of  his  work  is  very  often  not 
possible.  The  way  to  raise  the  social  status  of  these 
workers  is  to  reduce  their  worldng  hours  and  pay  them 
more,  and  thus  give  both  the  opportunity  and  the 
means  to  become  better  educated  and  live  better  lives. 
The  philosophy  or  religion  of  work — that  work  in  itself 
is  good  for  one — belongs  to  the  upper  and  owning  class, 
and  why  should  we  be  surprised  that  the  working  class 
does  not  believe  in  it  ?  Our  present  system,  being  very 
inefficient,  can  give  leisure  and  opportunity  for  culture 
only  to  the  few.  If  democracy  is  to  win  against  anarchy, 
it  must  win  leisure  and  opportunity  for  the  many. 

Labour  leaders  emphasize  the  waste  of  human  life 
through  industrial  accidents  and  bad  conditions,  but 
they  fail  to  realize  that  the  waste  of  human  life  because 
of  inefficient  work  is  far  greater  in  its  total  result. 
They  not  only  fail  to  see  this  waste  of  life,  but  by 
their  teachings  and  action  do  everything  to  maintain 
it,  actually  arguing  that  the  eUmination  of  this  waste 
would   be  bad  for  the  worker. 

It  is  because  we  are  now  struggling  for  something 
better,  that  production  must  be  made  so  much  more 
eflficient,  so  much  easier  for  the  workers.  It  should  be 
possible  to  produce  material  wealth  so  easily  that  it 
will  cease  to  have  its  present  inflated  value,  and  the 
amount  of  wealth  owned  will  cease  to  be  the  measure 
of  the  man. 

History     is     not      necessarily     progressive      in     its 


sequence.  One  system  is  not  displaced  by  another 
because  the  new  system  is  better,  but  because  the 
old  is  bad.  There  is  no  guarantee  that  once  a 
system  has  been  destroyed  that  it  will  be  replaced 
by  something  better.  The  socialists  say  that  because 
the  present  system  means  profits  to  private  indi- 
viduals the  workers  will  not  and  should  not  become 
more  efficient,  and  they  claim  similarly  that  if 
the  nation  or  the  producers,  or  both  owned  every- 
thing, the  workers  would  then  willingly  become  more 
efficient  because  the  profit  would  go  to  the  whole 
community.  These  are  expressions  of  opinion  dis- 
proved by  what  experience  we  have,  and  as  long  as 
opinions  have  the  upper  hand  of  facts,  because  of  the 
inability  to  distinguish  the  one  from  the  other,  so  long 
will  the  unscientific  attitude  dominate  the  country, 
and  we  must  continue  to  pay  for  so  many  mistakes 
which  would  never  be  committed  if  the  scientific 
attitude  were  developed  in  the  Government  and  the 
people.  The  war  record  stares  us  in  the  face,  and  still 
we  continue  the  same  method.  The  socialists  are 
beginning  to  realize  the  significance  of  Scientific  Manage- 
ment and  are  bringing  all  their  batteries  to  bear  on  it. 
This  is  a  time  when  ideas  are  being  quickly  changed  all 
over  the  world.  A  great  responsibility  rests  with  every 
member  of  a  scientific  profession  to  see  that  the  truth 
prevails  and  that  the  demagogues,  whether  they  be 
politicians  or  labour  agitators,  do  not  gain  too  much 
advantage  from  this  abnormal  state  of  mental  flux, 
so  that  prejudice  and  mere  verbal  opinion  do  not  triumph 
over  scientific  knowledge. 

The  British  people  have  the  traditional  habit  of 
behttUng  themselves  by  exaggerated  accusations  of 
incompetency,  which  the  rest  of  the  world  seem  to  take 
at  their  full  face  value.  This  habit  of  depreciation 
has  a  very  bad  psychological  effect  on  ourselves.  It 
creates  a  disinchnation  to  tackle  boldly  a  big  problem 
in  a  big  manner.  It  took  us  as  a  nation  a  long  time  to 
visuaUze  the  ultimate  size  of  the  war  and  our  time-lag 
in  that  respect  made  it  last  so  much  the  longer.  The 
war  is  over  and  we  have  a  tendency  to  react  again  to 
httle  things,  or  the  tackhng  of  big  things  in  little  ways. 
We  seem  to  lose  again  our  courage  and  our  vision. 
Never  in  all  our  history  have  we  enjoyed  the  world 
prestige  that  we  do  now,  and  never  have  our  responsi- 
bilities been  so  great. 

This  country  is  faced  with  the  following  dilemma. 
How  is  the  population  of  the  British  Isles,  wliich  is 
less  than  one-half  that  of  the  United  States  and  about 
three-quarters  that  of  Germany,  going  to  produce 
enough  capable  young  men  for  the  administration  of 
India,  Egypt,  Mesopotamia  ?  How  are  we  to  supply 
young  engineers  to  execute  the  endless  tasks  waiting 
in  these  countries,  not  to  speak  of  the  allurements  of 
our  self-governing  Colonies  ?  How  are  we  to  do  all 
this  and  at  the  same  time  maintain  our  supremacy  at 
home,  which  is  the  foundation  of  it  all  ?  There 
seems  only  one  way  to  guarantee  the  supremacy  of  the 
Mother  Country,  and  that  is  to  make  industry  and  life 
at  home  greater  and  more  fascinating  than  it  is  abroad. 
Industry  must  be  so  organized  as  to  attract  the  atten- 
tion and  hold  the  interest  of  the  very  best  and  most 
efficient  amongst  us — those  with  the  highest  conceirtion 
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of  social  service.  To  make  industry  a  very  much  better 
means  to  a  higher  culture  and  to  give  the  captains  of 
industry  a  far  greater  part  in  the  development  of  that 
culture  instead  of  at  present  being  completely  immersed 
in  tlie  production  of  the  means  is  a  revolutionary  idea 
which  makes  a  strong  appeal  to  the  younger  generation. 
Scientific  Management  is  a  higher  and  more  complex 
type  of  management  and  requires  greater  discipline 
and  intelUgence  from  everyone.  We  are  the  most 
disciplined  of  peoples,  which  does  not  mean  the  auto- 


difficult  times  is  the  advanced  state  of  British  trade- 
union  organization.  Do  not  let  us  belittle  it  or  fear 
it.  We  lead  in  this  direction  and  the  most  advanced 
countries  follow  us.  The  British  working-class  has 
produced  many  men  of  whom  we  have  every  reason 
to  be  proud,  and,  in  spite  of  all  we  hear  to  the  contrarv, 
the  mass  of  the  workers  are  sound  and  will  respond 
quickly  to  an  open  and  honest  policy  of  education  and 
leadership.  The  war  has  tried  our  young  men  of  all 
classes  and  they  have  not  been   found  wanting.     The 
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cratic  form  that  Germany  tolerated  and  suffered  under, 
but  the  self-discipline  of  a  free  democracy.  Scientific 
Management  is  only  advisable  and  possible  in  a  commu- 
nity of  free  people.  Don't  let  us  be  afraid  of  it,  and 
while  believing  in  it,  tackle  it  by  small  and  secret 
methods.  Let  us  proclaim  it  widely  and  fight  for  it 
openly  by  every  fair  means.  We  are  probably  the  only 
people  who  can  tackle  it  on  a  national  scale.  Nothing 
short  of  a  national  movement,  involving  capital,  labour 
and  the  Government  will  achieve  what  is  required.  It 
is  a  very  big  thing  that  we  have  to  do. 

One   of   our   greatest   national   assets   in   the   present 


present  situation  requires  the  faith,  the  courage,  the 
optimism  of  youth  to  overcome  the  forces  of  reaction, 
whether  on  the  extreme  right  or  left  of  the  industrial 
and  poHtical  army.  Give  the  younger  generation 
more  scope,  encourage  them  to  think  and  act  in  these 
matters,  and  the  country  will  win  through  more  quickly. 
We  have  in  the  stable  and  industrious  character  of  our 
peo'ple  a  far  greater  asset  than  we  can  ever  have  in  the 
most  ingenious  machines.  If  we  realize  that  fact  in 
time,  the  history  of  Great  Britain  in  the  20th  century 
will  eclipse  all  its  previous  history  in  its  progress  towards 
a  higher  culture  and  a  better  life  for  all. 
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APPENDIX    I. 

Instruction   Card   for    Operation. 

Symbol  iPLV^P. 
Drawing  No.  £601,105.                 Machine  No.  Lio.                Order  No.  PLVP. 
Class  No Pieces  in  Lot,  400.  Time  for  Lot,  393"6i.  Bonus 


Description  of  Operatio.n  :    Drill  and  Cut  Off. 


Item 

Detailed  Instnictions 

Feed 

Speed 

Element  Time 
per  Piece 

Time  for  Entire 
Lot 
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Change  Card  .  . 
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Learn  what  is  to  be  done     . . 

2  -OO 
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Change  jaws  to  J 

091 

4 

Put  collar  on  stock    . . 

O-  IQ 

5 

Put  stock  in  spindle  and  adjust  collets 

o"59 

6 

Set  stop  for  length     .  . 

0-31 

7 

Put  CCCE  1  in.  in  turret  head 

0-31 

8 

Put  DOTS  3/16  in  CCCE  1    . 

0-22 

9 

Set  stop  for  DDTS  3/16 

0-31 

10 

Put  in  PATL  tool  and  set 

0-77 

7'6i 

II 

Set  stock  to  stop 
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12 

Turn  turret  and  start  machine        

o-o8 

13 

Drill  3/16  hole,  3/16  run 

HP 

5-36 
iF 

0-14 

14 

Turn  turret     .  . 

o-o8 

15 

Cut  off  piece  and  round  corners  with  file  . . 

HF 

iF 

0-I2 

16 

Put  piece  in  tote  can 

0-02 

17 

Count  ever^'  100  pieces.     Time  per  piece  = 

90  per  cent  on  handling  time,  035 
10  per  cent  on  machine  time,  026. . 

Disassemble,  2  00 

0-02 

061 
0-32 
0-03 

0-96 

Time  for  lot  =  (number  of  pieces  X  096)  +2-oo-{-7'6i 

Time  for  400  pieces  =  393-6i 

The  use  of  symbols  will  be  noted  in  the  above  example.  Taylor  and  most  of  his  followers  put  con- 
siderable stress  on  the  necessity  of  using  symbols  to  the  maximum  extent  and  based,  as  much  as  possible, 
on  the  mnemonic  principle.  These  symbols,  they  claim,  are  quickly  memorized  by  everyone  using  them, 
and  greatly  reduce  the  time  and  space  required  in  making  written  instructions,  while  at  the  same  time 
increasing  their  definiteness. 


APPENDIX    2. 

The  accompanying  illustrations  (see  page  340)  from 
Professor  Aniar's  book  form  a  most  interesting 
example  of  how  practice  can  be  examined  and  checked 
by  applied  science.  Fig.  i  shows  the  manual  effort 
expended  by  an  experienced  workman  when  filing 
metal.  Fig.  2  shows  the  great  amount  of  useless 
effort  put  forth  by  an  inexperienced  worker  when 
performing  the  same  task. 

By  means  of  diagrams,  pictures  and  the  cinemato- 
graph, the  best  methods  can  be  quickly  demonstrated 
to  mny  workers.  The  present  system  of  training  is 
very  slow  and  there  is  no  guarantee  of  efficient  results. 


APPENDIX   3. 

Bibliography  of  Scientific  Management. 

An  extensive  literature  now  exists,  and  the  following 
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Discussion  before  The  Institution,   ii  December,  1919. 


Mr.  L.  B.  Atkinson  :  The  author  has  covered  in 
the  paper  a  very  wide  field,  and  it  would  be  impossible 
for  me  or  any  other  speaker  to  touch  on  all  the  points 
raised.  Consequently  I  intend  to  confine  my  remarks 
to  one  aspect  of  the  question,  which  I  think  is  perhaps 
the  most  important  one  to  be  solved  first.  The  question 
of  time  study  and  of  the  relation  of  fatigue  is  no  new 
one  to  me,  because  as  long  ago  as  1900  I  carried  out 
in  a  particular  factory  making  hollow  ware  goods, 
without  knowing  of  Taylor's  work  at  that  time,  a  large 
number  of  stop-watch  trials  over  a  very  large  number 
of  processes  without  calling  the  attention  of  the  workers 
to  the  fact.  I  plotted  the  cost  of  those  against  the 
total  cost  of  running  operations  where  there  were 
furnaces  and  expensive  machinery  at  work,  in  order 
to  see  what  payments  I  could  economically  aftord  to 
make  to  the  workers  if  only  I  could  get  large  outputs 
from  them.  It  is  rather  significant  of  the  attitude  of 
employers  at  that  date  that  those  with,  whom  I  was 
working  on  the  Board,  disregarding  that  at  those  out- 
puts they  were  getting  a  lower  cost  per  article,  thought 
only  that  it  would  upset  not  only  the  whole  of  their 
own  works  but  the  whole  of  the  district  to  pay  the 
men  at  rates  which  gave  them  £1^  or  £^  a  week.  I  do 
not  propose  to-night  to  deal  with  Taylor's  work,  but 
to  direct  my  remarks  more  to  the  second  title  of  the 
paper— the  "  Solution  of  the  Capital  and  Labour 
Problem."  I  think  the  author  has  really  not  indicated 
where  that  solution  arises  directly  from  the  work  of 
Taylor  as  set  out  in  the  paper.  He  has,  however, 
quite  frankly  recognized  that  no  progress  will  be  made 
in  this  subject  unless  those  who  are  interested  can 
carry  with  them  the  goodwill  and  co-operation  of  both 
organized  and  unorganized  labour.  Consequently  I 
think  the  question  to  which  we  must  address  ourselves — 
I  do  not  say  to-night — in  regard  to  Scientific  Manage- 
ment (a  phrase  which  I  do  not  like)  is  :  How  are  we 
going  to  get  the  co-operation  of  the  workmen  so  as  not 
to  be  continually  fighting  over  the  labour  question  ? 
Why  is  it  that  workpeople  object  to  Scientffic  Manage- 
ment ?  If  we  ask  them  they  will  give  us  the  answer 
in  different  ways  and  not  always  very  clearly,  because 
they  do  not  bring  themselves  to  the  point  of  putting 
it  into  words  ;  but  I  think  the  objection  of  the  ordinary 
■worker  can  be  put  like  this.  He  would  say  :  "  If  I, 
as  a  worker  on  any  operation,  have  the  method  planned 


for  me  it  will  not  save  me  any  work  " — it  is  himself 
he  is  speaking  of — "  and  although  there  will  be  a  larger 
product  /  shall  not  get  any  more  of  the  product  than 
before."  That  is  what  the  individual  worker  will  say. 
It  is  what  the  trade-union  leader  will  say,  and  it  is 
what  organized  labour  will  say.  What  we  have  to  do 
is  to  answer  that  question.  Can  we  convince  the 
individual  worker  that  he  will  do  less  work,  and  that 
he  will  get  a  greater  product  than  he  has  been  in  the 
habit  of  getting  before  ?  The  workman  of  to-day  has 
it  firmly  established  in  his  mind  that,  so  long  as  industry 
is  conducted  on  a  basis  of  private  profit,  any  increase 
in  the  rate  of  production  will  augment  that  profit,  • 
but  will  not  diminish  his  total  work  nor  increase  his 
total  share  of  the  product.  It  is  not,  in  my  opinion, 
sufficient  to  state  in  general  terms  that  if  there  is  a 
larger  product  everybody  will  eventually  get  more, 
because  it  is  not  even  economically  true.  There  may 
be  a  larger  product,  but  it  may  be  distributed  in  various 
ways,  and  so  that  is  the  question  to  which  we  eventually 
have  to  address  ourselves  if  we  are  going  to  carry 
the  workpeople  with  us  in  Scientific  Management.  We 
are  told  that  Taylor  spent  ;/^40,ooo  on  his  researches 
in  the  cutting  of  metals.  I  should  think  that  the 
industries  of  this  country  have  spent  during  the  last 
year  or  two  ;f40,ooo,ooo  in  haphazard  endeavours  to 
settle  this  labour  question.  I  believe  if  this  Institution, 
or  a  group  of  Institutions,  really  tackled  the  problem 
it  is  quite  possible  a  scheme  could  be  devised  by  which 
we  could  get  the  co-operation  of  the  organized  labour 
of  this  country,  to  study  the  problem  and  to  educate 
the  general  body  of  workpeople  up  to  the  point  of 
realizing  the  importance  of  a  larger  product,  and  further 
to  formulate  some  principles  as  to  a  reasonable  way 
of  dividing  the  increased  product.  That  is  the  point 
to  which  I  think  all  thinkers  should  first  direct  them- 
selves. The  details  of  the  question  of  Scientific  Manage- 
ment may  follow.  I  will  add  that  in  my  opinion  the 
time  is  now  ripe  for  such  an  effort.  There  are  the 
Joint  Industrial  Councils  in  many  industries,  and  they 
are  having  a  great  effect  by  giving  very  free  opportu- 
nities of  conversations  and  exchange  of  views  on  all 
sorts  of  subjects  between  the  leaders  of  organized  labour 
and  the  leaders  of  industry.  I  am  quite  sure  the  matter 
could  be  ventilated  and  discussed  in  those  bodies, 
and  that  by  utilizing  them  we  can  arrive  at  a  solution 
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which  will  carry  organized  labour  with  us  in  the  effort 
to  increase  production. 

Mr.  S.  Mavor  :  The^reat  problem  before  the  country 
at  the  moment  is  that  of  production,  and  the  system 
described  by  the  author  is  very  closely  allied  to  that 
subject.  The  root  of  the  problem  is  ehmination  of 
waste  ;  the  analytical  method  is  devised  to  eliminate 
waste  of  time  and  waste  of  effort.  The  amount  of 
wasted  time  in  ordinary  engineering  establishments  is 
greater  than  most  of  those  in  control  realize,  and  it 
is  by  time  analysis  of  processes  and  operations  that  the 
nature  and  extent  of  the  problem  can  best  be  ascertained. 
As  is  well  known,  the  rapid  progress  of  electrical 
engineering  and  of  the  electrical  industry  generally 
has  been  due  to  the  ease  and  precision  of  measurement. 
This  system  is  the  application  of  time  measurement, 
and  by  this  method  immense  economies  may  be  effected. 
The  responsibility  for  increased  production  lies  less  on 
the  workmen  than  on  the  employer  and  on  the  manage- 
ment. The  possibility  of  the  worker  increasing  his 
output  is  limited  ;  he  may,  if  paid  by  results,  double 
his  output.  But  the  possible  increase  of  production 
■  by  standardization,  by  improved  organization,  and  by 
provision  of  properly  devised  machine-tool  equipment 
is  immensely  greater  than  the  possibilities  by  increased 
effort  of  the  workmen.  This  method  of  time  study 
is  one  that  guides  the  management  in  the  directions 
in  which  improvement  can  be  made.  During  the  three 
years  of  our  shell  production  I  used  the  Taylor  time 
study  on  every  operation,  and  I  can  testify  that  the 
results  were  most  illuminating  and  educative.  At  the 
bottom  of  page  332  the  author  refers  to  75  per  cent 
of  the  total  time  being  occupied  in  the  handling  of 
tools,  15  per  cent  in  the  handling  of  machines,  and 
10  per  cent  only  in  doing  the  actual  job.  That  only 
10  per  cent  of  the  machine  time  is  employed  in  doing 
the  actual  job  may  be  startling  to  those  who  have 
not  conducted  investigations  on  these  hues,  but  it  is 
quite  credible  ;  taking  the  average  machine  shop,  it 
is  probably  more  favourable  than  the  truth.  The 
proprietor  of  a  large  engineering  works  told  me  a  little 
while  ago  that  he  had  made  an  investigation  of  his 
own  works  and  found  that  the  machine  tools  in  his 
machine  shop  were  actually  cutting  during  only  7  per 
cent  of  the  total  working  hours  of  the  machine.  That 
illustrated  the  enormous  margin  which  remains  for 
increasing  production  by  Scientific  Management — I 
dislike  the  term  as  Mr.  Atkinson  does.  The  author 
has  referred  to  the  possibility  of  this  system  being 
imposed  upon  us  by  the  Government.  I  altogether 
dislike  such  a  suggestion.  It  seems  to  me  that  what 
we  have  to  do  is  to  educate  first  of  all  the  employers, 
and'  secondly  the  employees.  I  believe  that  one  of 
the  root  reasons — perhaps  the  root  reason — for  the 
present  "  ca'  canny  "  practice  is  the  fear  of  unemploy- 
ment. That  fear  is  well-grounded  ;  workpeople  have 
had  bitter  experience  of  unemployment  and  they 
believe  that  the  more  rapidly  they  produce  the  sooner 
they  will  be  out  of  employment.  This  belief  is  of 
course  a  delusion,  but  until  a  satisfactory  scheme  of 
unemployment  insurance  is  forthcoming,  there  will  be 
a  tendency  in  many  workmen  to  nurse  their  jobs. 
Mr.   R.    V/.  Paul  :     I   regard   the   method   adopted 


in  the  paper  as  unscientific,  because  it  confuses  work 
and  effort ;  on  page  336  the  author  states  that  Scientific 
Management  makes  it  possible  to  measure  labour  effort 
,  accurately — it  does  nothing  of  the  kind,  being  founded 
j  on  payment  by  time.  As  a  matter  of  fact,  what  we 
1  want  and  are  willing  to  pay  for  is  the  expenditure  of 
nervous  energy  ;  some  workmen,  by  taking  thought, 
double  their  output,  even  with  reduced  effort.  To 
profit  by  the  experiments  of  Professor  Amar,  deaUng 
with  muscular  effort,  is  the  business  of  the  workman, 
who  should  cure  himself  of  the  habit  of  working  like 
an  amateur.  Are  we  to  pay  for  effort  or  for  results  ? 
The  firm  wants,  not  the  sum  of  the  efforts  of  workmen 
'  A,  B  and  C,  but  their  resultant  ;  this  will  be  less  if 
there  is  imperfect  co-operation,  as  is  likely  in  a  shop 
where  the  system  of  management,  however  good  in 
theory,  is  resented  by  the  men.  The  main  essentials 
of  success  are  co-operation,  cheerfulness,  and  the 
elimination  of  the  irresponsible  grumbler,  but  these 
are  not  attained  by  the  Taylor  system  exclusively. 
Such  systems  are  often  resented  by  the  men  because 
they  feel  that  overhead  charges  are  thereby  largely 
increased  ;  men  have  told  me  that,  while  their  wages 
are  reckoned  in  tenths  of  a  penny,  it  cost  2s.  6d.  to  get 
a  split  pin  out  of  the  stores,  and  they  resent  it.  They 
do  not  resent  a  system  which  presents  them  with  the 
material,  drawings,  and  clear  instructions  for  the  work  ; 
they  appreciate  that.  I  think  we  ought  to  remember, 
in  considering  these  problems,  that  a  great  manufac- 
turing business  is  almost  always  started  by  one  work- 
man getting  together  a  few  friends  who  are  efficient 
workers  ;  under  such  conditions  the  output  is  large  as 
compared  with  the  input.  If  the  business  grows  slowly, 
inefficient  newcomers  are  weeded  out  almost  auto- 
matically, but  rapid  expansion  entails  the  employment 
of  less  efficient  workers,  and  trouble  begins.  The 
teachers  and  employing  class  are  responsible  for  the 
poor  education  of  the  bulk  of  the  workers,  and  the  small 
interest  in  their  work  which  is  the  consequence  ;  to 
my  mind  industrial  fatigue  is  a  smaller  factor  than 
industrial  boredom.  We  need,  in  this  country,  and  as 
our  chief  national  asset,  a  host  of  men  with  initiative, 
craft  skill  and  the  experience  to  enable  them  to  tackle 
their  jobs  with  confidence.  I  doubt  if  we  ought  to 
engage  principally  in  repetition  work  which  could  be 
done  by  aliens  or  by  female  labour,  under  such  a  system 
as  advocated  by  the  author  ;  if  we  can  supply  the 
world  with  "  Rolls-Royces  "  and  keep  our  people  fully 
employed,  why  make  "  Fords  "  instead  ?  In  our  search 
for  palliatives  for  the  present,  not  unnatural,  unrest 
strange  schemes  are  mooted,  such,  for  example,  as 
welfare  work.  Part  of  it  is  a  weird  revival  of  feudalism, 
involving  unwarrantable  interference  with  the  liberty 
of  the  worker ;  another  part  comprises  the  obvious 
duty  of  any  decent-minded  employer  as  regards  shop 
conditions,  and  the  rest  is  a  piffling  form  of  charity 
or  pauperization.  Self-respecting  men  do  not  want 
two-pennyworth  of  cake  for  a  penny,  or  to  have  their 
canteen  run  at  a  loss  to  the  firm  ;  they  prefer  to  receive 
adequate  wages  to  enable  them  to  pay  for  what  they 
need.  These  matters  should  be  considered  more  from 
the  workman's  point  of  view.  Any  good  workman  can 
get  a  good  job  to-day,  and  I  do  not  believe  there  has 


344 


SCOTT-MAXWELL:   SCIENTIFIC   MANAGEMENT 


been  a  better  time  for  the  last  30  years  for  a  good 
employer  to  retain,  by  proper  treatment,  good  and  loyal 
workmen.  To  my  mind  the  enfor-cement  of  the  Taylor 
system  of  payment  at  present  would  be  a  mistake, 
and  would  sacrifice  the  simplicity  of  time  wages  paid 
by  the  week  for  the  complication  of  time  wages  paid 
on  the  stop-watch  plan  ;  it  is  preferable  to  keep  an 
open  mind  for  the  reception  of  methods  of  paying 
wages  on  a  juster  basis.  At  the  same  time  I  appreciate 
the  work  done  in  the  academic  study  of  simple  move- 
ments and  machine  operations,  which  may  prove  useful 
in   the  shops  in  another  generation  or  two. 

Mr.  C.  H.  Stavenhagen  :  I  should  like  to  say  a 
few  words  from  the  standpoint  of  organized  labour. 
I  am  aware  that  the  trade-union  movement — at  any 
rate  the  Electrical  Trade  Union — is  not  regarded,  so  far 
as  its  policy  is  concerned,  with  very  great  favour  either 
by  the  contracting  side  or  by  the  technical  side  of  the 
industry,  and  I  feel  to  a  certain  extent  hampered  by 
that  feeling,  which  must  necessarily  exist  here  to-night. 
The  author  has  discussed  the  problem,  which  is  more 
or  less  circumscribed,  of  the  necessity  of  workshop 
production.  He  has  mentioned  the  relations  of  capital 
to  labour,  and  so  on.  Some  have  thought  that  this 
matter  should  not  come  before  the  Institution,  because 
it  was  semi-political  in  character.  I  think  that  most 
things  are  political  if  one  traces  them  to  their  logical 
finality.  It  will  be  found  that  everything  finally  has 
some  definite  relation  with  the  political  side  of  life. 
I  made  it  my  business  to  study  the  industrial  history 
of  this  country  and  I  have  asked  myself — and  labour 
men  generally  ask  themselves — how  it  is  that  500  years 
ago,  according  to  Professor  Thorold  Rogers,  there  was 
an  8-hour  day  in  this  country,  whereas  now,  or  at  all 
events  prior  to  the  war,  it  was  not  correct  to  say  that 
there  was  an  8-hour  day  ?  We  also  ask  ourselves  how 
it  is  that  very  few  workmen  are  able  to  continue  in 
an  even  moderate  prosperity  during  the  whole  of  their 
working  life.  Labour  also  knows  that,  in  order  to  get 
themselves  into  power,  the  two  political  parties  have  ■ 
time  after  time  promised  certain  reforms  to  the  large 
mass  of  the  people,  but  no  sooner  have  they  got  into 
power  than  they  have  deliberately  broken  their  pledges. 
Anybody  who  cares  to  study  the  question  can  ascertain 
for  himself  that  my  statements  are  ccrrect.  The  work- 
ing class  have  therefore  every  reason  to  suspect  the 
promises  of  every  political  party  which  is  trTidng  to 
get  into  power,  and  it  has  very  grave  grounds  for 
questioning  the  veracity  of  the  pledges  which  are  given. 
I  can  give  one  or  two  instances  to  show  that  these 
things  appear  very  important  to  us  and  undoubtedly 
determine  our  action  towards  the  other  class — if  I  may 
speak  of  two  classes.  That  division  may  not  appeal 
to  members.  During  the  Napoleonic  Wars  from  1790 
to  1815  something  like  2,000  Enclosure  Acts  were 
passed  by  the  Tory  and  Liberal  parties.  The  result 
was  that  the  landed  people  said  they  would  pay  certain 
taxes  for  the  upkeep  of  land,  lights,  roads,  etc.  As 
soon  as  these  Acts  were  passed,  and  while  the  people's 
attention  was  engaged  on  the  wars,  the  Government 
passed  another  set  of  Acts  called  the  Incorporation 
Acts,  the  result  of  which  was  to  thrust  the  taxes  neces- 
sary for  the  upkeep  of  these  things  back  upon   the 


working  class  community,  but  the  communal  land 
which  had  been  enclosed  was  not  returned.  That  sort 
of  thing  went  on  right  up  to  the  middle  of  the 
nineteenth  century.  In  modern  times  we  find  that 
great  bodies  of  capitalists  have  not  been  particularly 
anxious  to  consider  the  question  of  the  division  of 
wealth,  so  far  as  regards  the  improvement  of  the  con- 
dition of  labour  generally.  They  apparently  felt  it 
was  more  important  to  increase  the  profits.  These 
are  movements  which  appeal  to  us  as  making  it  inevitable 
that  a  new  system  of  society  should  come  into  opera- 
tion. Looking  upon  this  question  from  the  point  of 
view  of  production,  one  speaker  suggested  that  the 
working  class  fear  that  if  they  accept  the  paynient- 
by-result  system  it  would  throw  them  more  rapidly 
out  of  employment.  That  is  precisely  what  we  do 
think,  and  we  have  heard  no  new  economic  proposition 
which  suggests  that  this  can  be  avoided. 

Mr.  J.  G.  Pearce  :  Some  of  the  devices  introduced 
by  Dr.  Taylor  for  increasing  output  have  been  utilized 
by  unenlightened  employers  without  recognizing  that 
science  must  be  introduced  into  industry  so  that  it  is 
beneficial  to  the  human  element  rather  than  detrimental. 
The  very  object  of  its  introduction,  to  increase  efficiency 
and  production,  is  defeated  if  the  human  aspect  is 
overlooked.  Very  much  more  can  be  obtained  from 
industries  by  the  fullest  co-operation  of  all  grades  of 
workers  than  by  introducing  an  elaborate  system  of 
management  which  alienates  the  rank  and  file  and 
which  handicaps  itself  by  heavy  overhead  charges. 
The  conspicuous  failure  of  Scientific  Management  to 
secure  adherents  does  not  arise  from  the  lack  of  validity 
of  the  principles  adumbrated  by  Taylor — although  they 
are  not  in  many  cases  strictly  scientific — but  from  their 
dogmatic  application  to  all  kinds  of  plants  irrespective 
of  local  conditions.  ^Management  is  an  art,  however 
much  the  methods  of  observation,  experiment  and 
logical  argument  commonly  used  in  science  may  be 
applied  to  it,  and  its  successful  practice  demands  not 
only  academic  study  of  principles  and  suitable  personal 
qualities,  but  experience  in  practical  application.  The 
error  commonly  made  in  the  tacit  assumptions  of  the 
efficiencv  experts  is  that  of  supposing  that  an  organ- 
ization can  be  created  and  carried  on  independently 
of  the  personality  of  its  director,  i.e.  that  the  man 
is  determined  by  the  job.  As  a  matter  of  fact,  the 
reverse  is  invariably  the  case,  the  job  being  determined 
by  the  man,  and  the  organization  takes  shape  and  grows 
from  his  individuality.  It  is  the  recognition  of  these 
considerations  which  causes  the  British  manager  to 
take  up  an  apparently  conservative  attitude  to  Scientific. 
Management,  for  he  does  not  mistake  an  organization 
chart  for  an  organization,  or  a  diploma  in  industrial 
administration  for  a  qualification  in  management.  It 
may  therefore  be  asserted  that  the  more  extravagant 
claims  of  the  Taylor  group,  which  tend  to  reduce 
management  to  a  code  of  rules  that  can  be  mechanically 
applied,  have  done  much  to  encourage  quackery,  to 
hanaper  the  development,  inevitable  in  the  long  run,  of 
the  principles  of  organization ,  and  to  delay  the  recognition 
of  a  technique  of  management  irrespective  of  the  tech- 
nology of  the  industry  managed.  Everyone  will  agree 
with  the  author  when  he  says  that  no  radical  change  in  a 
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system  of  management  should  be  made  without  the 
knowledge  and  consent  of  the  workers  themselves. 
This  presupposes  the  estabUshment  of  confidence  be- 
tween employers  and  workers.  Then  better  education, 
especially  in  the  principles  of  industrial  economics  and 
in  manipulative  skill,  and  which  develops  general 
intelligence  and  understanding,  is  imperative.  This 
will  permit  a  deliberate  compromise  to  be  made  between 
those  who  disagree  profoundly  with  new  methods  as 
stultifying  the  mind  and  as  causing  monotony,  and 
those  who  think  that  detailed  time  and  motion  studies 
are  essential,  for  such  education  would  permit  workers 
to  do  several  specialized  jobs  equally  well,  and  to  deter- 
mine for  themselves  the  most  efficient  methods  of 
working.  Change  from  one  job  to  another  may  be 
largely  detennined  by  the  exigencies  of  production. 
This  mav  permit  a  deliberate  compromise  between  the 
views  cf  those  who  consider  Scientific  Management 
dehumanizing  and  of  those  who  consider  time  and 
motion  studies  ess?ntial  to  increased  output.  In- 
dustrial concerns  working  under  these  conditions 
would  be  more  stable  and  the  organization  would  be 
elastic.  Another  factor  frequently  overlooked  in  con- 
nection with  management  is  industrial  research,  which 
is  vital  to  all  growing  firms.  In  the  rare  well-authenti- 
cated cases  in  which  Scientific  Management  has  made 
an  improvement  in  a  factory,  we  do  not  know  how 
much  improvement  is  due  to  better  organization  and 
how  much  to  better  materials  such  as  high-speed  steel. 
Industrial  research  represents  a  systematized  progressive 
tendency  and  is  a  necessary  adjunct  where  standardi- 
zation is  carried  out.  Scientific  Management  in  Great 
Britain  must  therefore  rest  on  improved  organization, 
education,  and  research,  and  must  comprise  the  study 
and  practice  of  all  factors  which  aid  manufacturing 
efficiency  and  eliminate  waste.  It  is  more  than  probable 
that  the  demand  for  improved  management  will  come 
from  the  labour  side,  provided  adequate  safeguards 
are  set  up,  and  engineers  must  therefore  be  ready  to 
meet  it. 

Mr.  J.  R.  Dick  :  I  do  not  propose  to  discuss  the 
first  section  of  the  paper,  as  there  is  not  much  debatable 
ground  in  it  for  those  who  have  followed  the  subject 
of  Taylor's  system  during  the  last  20  years,  but  I 
should  like  to  give  a  few  moments'  consideration  to 
the  sociological  side  suggested  by  the  alternative  title. 
I  assume  of  course  that  members  of  this  scientific 
Institution  are,  like  myself,  quite  satisfied  with  the 
results  derived  from  the  experiments  in  mechanics, 
physiology  and  psychology,  which  Taylor  and  his 
followers  have  made  and  which  are  set  out  in  the 
paper.  We  must  then  examine  'the  obstacles  that 
prevent  the  ready  adoption  of  the  system  in  this  country 
on  a  substantial  scale.  In  the  first  place,  I  should 
mention  the  attitude  of  the  employer  himself,  more 
particularly  the  present-day  employer.  He  is  living 
in  a  very  fantastic  age  of  topsy-turvy  finance.  His 
chief  difficulty  is  what  he  euphemistically  terms  his 
"  current  price,"  which  is  of  so  elastic  a  nature  that 
it  covers  all  kinds  of  sins  besides  inefficiency  of  labour. 
He  is  therefore  not  in  a  mood  to  enthuse  over  the 
advent  of  Taylor's  system  on  any  large  scale.  The 
next   obstacle    is    more    serious — possibly    the    crux    of 
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the  whole  situation — namely,  the  attitude  of  the  trade 
unions,  or  rather  their  authoritative  executives.  I 
have  found  from  personal  experience  that  the  trade- 
union  executive  official  is  obsessed  with  the  idea  of 
what  he  calls  a  "  normal  workman,"  or  trade  unionist, 
just  as  the  older  economists  used  to  postulate  an  "  eco- 
nomic man,"  or  one  who  would  react  always  in  a 
perfect  manner  to  all  the  known  laws  of  economics. 
This  normal  trade-union  workman  is  thus  defined  : — 
"He  is  absolutely  good  at  his  work,  capable  and  con- 
scientious." But  unfortunately,  that  being  the  original 
qualification  for  admission  to  the  union,  it  is  forgotten 
and  the  doors  are  opened  much  wider,  and  later  one 
finds  an  influx  of  men  of  quite  different  qualifications, 
Then  the  union  executive  official  reverses  the  definition, 
and  we  find  that  a  man  who  is  in  the  union,  by  what- 
ever door  he  has  managed  to  get  in,  becomes  a  good, 
capable  and  conscientious  workman.  We  must  not, 
however,  hurl  reproaches  at  the  union  authorities.  I 
would  much  rather  regard  their  position  with  a  little 
intelligent  sympathy,  as  their  social  democratic  ideal 
cannot  readily  tolerate  any  very  great  differentiation 
between  the  respective  workmen,  either  in  the  matter 
of  ability,  power  of  production,  or  wages.  We  must 
remember  that  the  executive  is  a  democratic  body  and 
is  elected  by  the  members  as  a  whole,  so  it  would  never 
do  for  them  to  make  invidious  distinctions  in  the 
relative  capacity  or  in  the  wages  payments  of  the 
individuals  on  their  electorate.  There  is  possibly 
more  in  their  argument  than  would  appear  at  first 
sight,  as  regards  the  uniformity  of  the  trade-union 
workman.  As  one  of  the  leaders  of  a  union  said  to 
me  the  other  day,  "  Of  course  we  admit  that  many  of 
our  men  may  be  of  an  inferior  grade,  but  there  are 
others,  and  we  take  it  that  these  men  will  be  altruistic 
enough  to  give  of  their  best,  and  their  surplus  output 
will  compensate  for  the  shortage  of  their  less  efficient 
brethren."  As  regards  the  man  himself,  he  is  at 
present  in  the  happy  position  of  having  apparently  a 
very  reasonable  sum  of  money  in  his  pocket  owing  to 
the  inflated  currency,  and  he  is  not  at  all  ready  to  be 
stimulated  by  Taylor's  system  of  Scientific  Management 
towards  higher  production  and  consequently  higher 
wages.  For  good  or  bad  he  accepts  the  position,  as  it 
is,  as  fairly  satisfactory.  If  we  take  then  the  composite 
attitude  of  the  unions  and  workmen  we  find  that  they 
are  not  so  much  opposed  to  higher  production  as  prac- 
tically indifferent  to  it  ;  in  other  words,  they  hope 
that  the  industrial  world  will  manage  to  run  on  the 
lines  of  the  Caucus  race  in  "  Alice  in  Wonderland," 
where  everyone  can  run  and  all  get  prizes,  without 
particular  responsibility  on  anyone  to  provide  the 
prize  fund.  The  remedy  is  to  educate  and  convince 
our  real  masters,  the  trade  unions.  In  time  they  will 
surely  recognize  that  a  man's  bodily  presence  in  the 
shop  is  not  equivalent  to  work  done.  Tlie  best  pro- 
cedure would  be  to  apply  first  the  scientific  motion 
study  on  Taylor's  system,  and  when  it  was  recognized 
that  a  fair  day's  work  done  in  the  right  way  could  be 
accurately  measured,  there  would  be  a  withdrawal  of 
the  union  opposition  to  payment  by  results,  which  is 
the  essential  counterpart  completing  Taylor's  system. 
Sir  George  Gibb  :    The   author  has   genuine   zeal 
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for  his  cause.     He  takes  a  large  view  of  our  needs, 

and  of  the  questions  which  must  be  considered  in  view 
of  the  future  industrial  requirements  of  the  nation. 
There  are  stupendous  difficulties  in  front  of  us,  more 
grave,  I  think,  than  most  people  yet  realize,  but  along 
the  lines  of  Scientific  Management  we  can  see  good 
ground  for  hope.  The  author  says  that  we  should 
study  the  principles  of  the  system.  The  principles  of 
what  is  called  Scientific  Management  aim  at  analysis 
of  the  performance  of  work  so  as  to  get  the  best  results 
in  output  and  reduction  of  effort.  There  is  much 
prejudice  against  Scientific  Management.  The  obstacles 
in  the  way  of  its  extension  arise  chiefly  from  prejudice. 
Everybody  agrees  now  that  our  aim  must  be  the  maxi- 
mum production  of  wealth.  We  cannot  improve  the 
standard  of  living  unless  we  increase  wealth,  and  we 
cannot  begin  to  improve  the  standard  until  wealth 
has  first  been  increased.  All  methods  which  will  reduce 
the  effort  of  labour,  and  get  maximum  production  with 
least  effort  and  least  expenditure  of  time,  are  an  advance 
on  the  road  to  the  improvement  of  the  standard  of  living. 
Payment  by  results  must  be  extended.  There  is  no 
other  way  of  getting  increased  output.  It  is  a  great 
mistake  in  matters  of  this  sort  to  be  frightened  at  the 
working  man.  Prejudice  can  only  be  removed  by 
reason  and  enlightenment,  ^^'orkmen  should  be  met 
not  with  arguments  only,  but  with  arguments  and 
facts.  The  English  people  must  abandon  their  habits 
of  secrecy  and  approach  workmen  with  sound  argu- 
ments and  with  all  facts  and  figures  necessary  to  prove 
the  case.  If  that  is  done,  I  confess  I  am  quite  satisfied 
that  a  good  case  for  Scientific  Management  can  be 
established  and  that  the  approval  of  the  working  classes 
generally  will  in  time  be  obtained  for  it — when  they 
understand  that  it  means  improvement  of  the  standard 
of  living  by  an  increase  of  production  with  a  decrease 
of  effort  and  time  spent  on  work. 

Major  E.  A.  Pells  :  I  think  there  is  one  point 
which  most  of  the  speakers  as  yet  have  missed,  and 
that  is  whether  we  shall  be  able  to  compete  in  the 
world's  markets.  I  think  that  is  the  biggest  problem 
we  have  to  face  at  the  present  day,  and  one  of  the 
principal  reasons  why  Scientific  Management  should  be 
adopted  in  this  country.  After  all.  Scientific  Manage- 
ment or  any  system  of  efficient  organization  is  simply 
the  outcome  of  analytical  reasoning,  which  is  something 
electrical  engineers  know  a  good  deal  about,  because 
if  one  looks  back  through  the  past  decade  one  will  find 
that  the  progress  in  the  electrical  world  is  practically 
due  to  the  fact  that  electrical  engineers  have  possessed 
that  faculty.  I  think  that  unless  the  manufacturers 
in  all  industries  in  this  country  take  up  some  system 
of  Scientific  Management  we  shall  be  lagging  steadily 
behind  the  rest  of  the  world  in  competing  in  the  world's 
markets.  I  was  very  interested  to  hear  Mr.  Paul  give 
his  opinion,  because  it  brings  us  back  to  the  old  days 
when  the  master  knew  all  his  men  and  the  men  knew 
their  master  and  were  friends.  Now  with  big  com- 
panies and  gigantic  undertakings,  which  must  come 
into  this  country,  things  are  different.  While  on  that 
question  I  think  I  had  better  say  that  some  people 
seem  to  confuse  mass  production  with  Scientific  Manage- 
ment.    They  are  not  the  same  thing  at  all.     Scientific 


Management  can  be  applied  to  any  kind  of  work  which 
is  done  by  human  beings.  With  regard  to  the  paper, 
there  was  no  mention  of  costing.  Of  course  it  is  obvious 
to  every-one — perhaps  it  is  a  detail — that  Scientific 
Management  without  a  good  system  of  costing  would 
be  rather  missing  its  point.  There  is  another  thing, 
I  think,  with  regard  to  this  question  of  the  analysing 
of  industrial  effort  and  the  application  of  the  results 
obtained,  and  that  is  that  there  are  rather  two  sides 
to  it,  namely,  the  side  of  research  or  study,  and  the 
side  of  application.  I  think  there  is  a  danger  of  confusing 
the  two  and  thus  confusing  the  issue,  especially  when 
putting  the  matter  before  manufacturers  and  employers 
of  labour.  They  say  :  "  We  do  not  want  experiments, 
and  perhaps  expensive  experiments,  carried  out  in  our 
works."  Another  point  is  that  the  author  said  he 
would  like  to  see  some  Committee  or  Council  which 
would  carry  out  the  research  work,  which  would  work 
downwards  through  the  whole  of  the  industries  of  the 
country,  and  which  would  finally  link  up  with  some 
international  scheme  and  so  carry  the  method  into 
worldng  throughout  the  world.  I  think  that  is  a  mis- 
take. Taylor  had  the  same  vision,  but  Taylor's  idea 
was  more  to  build  up  from  the  bottom  and  not  build 
down  from  the  top.  One  point  seems  to  rankle  in 
everybody's  mind,  namely,  the  suspicion  of  the  worker, 
but  he  gets  the  best  out  of  it  every  time.  The  employers 
'  too  will  get  their  reward  in  better  and  more  settled 
social  conditions  in  the  country,  and  therefore  will  be 
able  to  go  forward  with  their  manufacturing  projects 
and  prove  themselves  successful  competitors  in  the 
world's  markets. 

Mr.  P.  G.  Pettifor :  In  addition  to  the  reasons 
mentioned  by  the  author,  the  term  "  Scientific  Manage- 
ment "  is  objected  to  by  many  because  it  implies,  by 
■  inference,  that  factories  not  run  under  the  Taylor 
system  have  a  non-scientific  management.  It  should 
be  remembered  that  the  term  originated  in  the  States, 
where  manufacture  is  more  highly  specialized  than  over 
here,  and  one  factory  may  produce  only  one  class  of 
machine,  and  in  many  cases  only  one  size  of  that  class. 
Such  conditions  are  highly  favourable  for  the  develop- 
ment of  the  Taylor  system.  Compare  this  with  the 
conditions  of  the  average  machine  shop  in  this  country. 
They  handle  a  great  variety  of  work  in  comparatively 
small  quantities,  and  the  consequent  short  time  a 
i  particular  operation  is  in  hand  renders  an  investigation 
into  the  most  economical  method,  and  equitable  piece 
rate,  very  difficult  and  in  many  cases  impossible.  In 
this  respect,  I  do  not  quite  agree  with  a  previous  speaker, 
who  stated  that  mass  production  had  nothing  to  do 
with  Scientific  Management.  It  seems  to  me  that 
until  our  manufacturers  adopt  methods  of  specializa- 
tion and  mass  production  to  a  much  greater  extent 
than  has  hitherto  been  done,  the  full  benefits  of  Scientific 
Management  cannot  be  secured.  The  author  suggests 
that  factories  situated  in  the  country  districts  should 
pay  the  difference  in  labour  rates  to  a  common  fund. 
One  of  the  handicaps  to  factories  in  the  country  is 
that  labour  of  the  right  class  is  frequently  difficult  to 
obtain,  especially  in  the  electrical  industry,  and  to 
neutralize  the  advantage  of  the  lower  country  rate 
would,   it  seems   to   me,   tend   to  cause  the  owners  of 
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factories  to  allow  them  to  remain  in,  or  be  built  round 
congested  areas  where  labour  is  more  easily  obtainable. 
This,  of  course,  is  against  the  best  public  interest. 

Mr.  A.  Vines  :  The  author  has  used  the  title  "  Scien- 
tific Management  "  for  his  paper,  but  I  cannot  find 
that  he  has  given  therein  any  definition  of  what  he 
means.  The  present  habit  of  using  words  without 
defining  their  meaning  causes  very  great  confusion  and 
trouble  to  manufacturers.  Such  words  as  skilled  and 
unskilled  men,  dilutee,  foreman,  charge-hand,  rate, 
seem  to  have  a  different  meaning  in  each  factory. 
Surely  the  words  "  Scientific  Management  "  should 
convey  much  more  than  mere  "  motion  study,"  and  I 
would  suggest  the  following  definition  :  "  Scientific 
Management  is  a  system  by  which  scientific  methods 
of  observation  and  analysis  are  applied  to  every  process, 
operation,  or  movement  which  is  carried  on  or  takes 
place  in  a  factory,  with  the  ultimate  object  of  eliminat- 
ing all  waste  of  energy,  material  and  ability,  providing 
the  best  working  conditions  and  producing  perfect 
machines."  Accepting  this  definition  I  do  not  think 
there  is  a  single  works  in  Great  Britain  where  the 
efficiency  cannot  be,  and  in  fact  is  being,  greatly  im- 
proved by  the  application  of  Scientific  Management. 
It  depends,  however,  very  much  on  the  nature  of  the 
work  carried  on  how  far  these  principles  can  be  eco- 
nomically applied.  There  is  hardly  any  limit  in  a 
factory  making  very  large  numbers  of  one  type  of 
machine,  but  where  the  type  is  constantly  changing 
and  few  of  each  type  are  made,  details  must  necessarily 
be  left  to  the  individual  foreman  and  cannot  be  planned 
beforehand  to  the  same  extent.  There  is  one  very 
real  difficulty  alluded  to  by  the  author,  namely,  the 
lack  of  practical  scientifically-trained  rate  fixers,  and 
if  some  institution  could  be  formed  where  men  could 
be  sent  and  trained  specially  for  the  work  it  would 
be  a  great  boon  to  manufacturers.  Under  the  section 
headed  "  Payment  by  Result  "  we  find  the  following 
statement  :  "  The  geographical  situation  of  an  engineer- 
ing works  should  not  aftect  the  labour  cost  to  the  em- 
ployer as  this  .  .  .  gives  an  unfair  advantage."  The 
lower  wages  paid  in  the  country  do  not  necessarily 
mean  lower  cost  of  production,  and  it  is  quite  as  un- 
sound to  tax  a  company  paving  low  wages  in  the  country 
as  to  tax  one  paying  a  low  rate  for  power  in  a  town. 
I  agree  with  the  author  that  no  serious  opposition  will 
be  experienced  from  employees  to  the  introduction  of 
Scientific  Management,  but  the  employers  must  use 
common  sense  when  introducing  it. 

Mr.  C.  T.  S.  Arnett  (communicated)  :  The  method 
of  management  outlined  by  the  author  would  be  very 
difficult  to  work  in  the  electrical  department  of  a  large 
steel  works  where  a  great  variety  of  work  is  done, 
though  I  think  it  could  be  worked  if  one  could  get  the 
right  kind  of  man  to  create  a  number  of  standards  for 
the  different  classes  of  work.  The  creating  of  these 
standards  by  which  the  different  recurring  jobs  could 
be  gauged  would  be  a  difficulty.  In  many  steel  works, 
however,  the  actual  arrangement  of  the  engineering 
management  is  far  from  efficient  or  in  proper  order, 
and  this  should  be  corrected  before  any  detail  work, 
such  as  that  outlined  in  the  paper,  is  carried  out.  At 
present,  the  general  arrangement  is  that  the  mechanical 


engineer  is  the  chief  engineer,  and  chief  adviser  to  the 
general  manager  on  all  plant  installations  and  upkeep  ; 
and  the  electrical  department  chief  is  very  often  only 
consulted  in  a  secondary  manner,  sometimes  not  at  all. 
This,  in  many  cases  that  I  know  of,  has  led  to  the 
expenditure  of  many  thousands  of  pounds  in  subsequent 
upkeep  due  to  the  wrong  tvpe  of  machinery  being 
installed.  The  arrangement  that  will  give  true  progress 
and  greatest  output  is  to  have  an  electrical-mechanical 
man  at  the  head  of  an  iron  and  steel  works  engineering 
staff,  with  one  electrical-mechanical  engineer  as  assistant, 
one  electrical  engineer  in  charge  of  the  electrical  depart- 
ment, and  one  mechanical  engineer  in  charge  of  the 
mechanical  department ;  for,  as  the  author  says,  the 
first  important  point  is  to  understand  exactly  what  is 
taking  place.  This  applies  generally  as  well  as  in  detail, 
and  to  understand  how  to  manage  properly  a  large 
engineering  staff  of  an  iron  and  steel  works  whose  mills 
and  blast  furnaces  are  fully  equipped  with  electric 
drives  to  the  extent  of  a  power-house  load  of,  say, 
7,000  to  8,000  kw.,  the  chief  and  his  assistant  must 
be  trained  electrically  as  well  as  mechanically  and 
must  be  men  of  good  practical  and  theoretical  training. 
Only  by  such  arrangement  of  management  will  our 
iron  and  steel  works  maintain  superiority  over  those 
of  other  countries,  and  only  will  the  application  of 
electrical  engineering  to  such  works  reach  its  greatest 
efficiency  or  anv  efficiency  at  all. 

Mr.  J.  E.  Grant  (communicated)  :  The  author  is 
certainly  right  when  he  says  that  Scientific  Manage- 
ment is  an  attitude  of  mind.  Those  of  us  who  have 
learnt  from  e.xperience  know  that  men  may  be  led 
successfully,  but  cannot  be  driven.  If  this  is  common 
sense,  and  "  its  function  is  to  accept  all  that  is  good 
for  humanity,"  then  Scientific  Management  is  a  re- 
dundancy, a  strenuous  waste  of  nervous  energy.  I 
really  doubt  if  the  author  can  escape  from  the  con- 
clusion that,  after  all,  science  is  applied  common  sense  ; 
that  real  Scientific  Management  is  not  opposed  to 
common  sense.  Then  why  not  be  scientific,  and  ask 
ourselves  what  we  mean  when  we  loosely  (that  is  un- 
scientifically) talk  of  "  a  square  deal  between  Capital 
and  Labour,"  of  a  solution  of  the  Capital  and  Labour 
Problem  ?  With  a  more  scientific  definition  of  terms, 
we  may  find  a  correct  solution — without  knowing  what 
we  are  talking  about,  any  solution  is  out  of  the  question. 
Is  it  not  our  own  fault  that  Mr.  Stavenhagen  classified 
us  as  leisured,  since  we  are  so  slow  to  claim  the  honour 
of  being  labourers  ?  Let  us  apply  common  sense  and 
cease  talking  of  labour  as  though  it  were  a  thing  apart. 
All  the  tragedies  of  history  can  be  attributed  to  loose 
terminology — to  the  effacement  of  words  and  their 
meanings.  There  is  danger  in  classifying  as  "  non- 
producers  "  such  indispensable  labourers  as  pattern 
makers,  millwrights,  toolmakers,  clerks,  draughtsmen, 
foremen,  salesmen,  travellers,  managers  and  directors. 
An  impression  has  gained  ground  that  wages  are  earned, 
but  that  salaries  and  profits  are  not.  It  is  not  realized 
that,  properly  speaking,  all  fall  into  the  category  of 
wages,  or  we  should  not  talk  of  reducing  wages  in  order 
to  reduce  the  cost  of  production  to  meet  foreign  com- 
petition. How  can  there  be  prosperity  in  any  country 
if  the  bulk  of  the   population   have  small  purchasing 
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power  ?  When  purchasing  power  gets  into  few  hands, 
then  naturally  demand  is  small,  however  large  un- 
satisfied demand  may  be.  The  reason  why  we  have 
carelessly  allowed  ourselves  to  believe  that  profits  and 
salaries  are  not  earned,  is  that  we  have  included  in 
the  term  profits,  gains  which  are  not  profits.  All  these 
burdens  are  supported  upon  the  backs  of  labourers 
producing  useful  wealth,  and  now  the  last  straw  appears 
in  the  Taylor  system  of  Scientific  Management  in  the 
shape  of  a  new  horde  of  loafers  with  stop-watches  in 
the  workshops  and  elsewhere  to  see  that  the  last  erg 
is  squeezed  out  of  a  few  fellow-labourers.  It  is  time 
to  get  our  applied  science  into  conformitj'  with  common 
sense.  The  menace  to  society  is  not  in  the  working 
man,  but  in  the  loafer,  and  especially  the  expert  loafer. 
Where  compulsion  is,  there  is  no  Scientific  Management, 
only  scientific  slavery  with  a  niggardly  measuring  out 
of  a  minimum  incentive  to  endeavour.  The  correct 
attitude  of  mind  brings  about  maximum  wages,  salaries, 
and  profits  for  every  labourer.  It  is  in  being  impelled 
instead  of  being  compelled  that  the  true  solution  of 
the  so-called  Capital  and  Labour  Problem  is  to  be 
found.  Our  vain  attempts,  to  solve  the  problem  with- 
out first  putting  civilization  upon  a  just  basis,  are  very 
like  the  futile  actions  of  the  occupants  of  a  house,  the 
foundation  of  which  has  given  way  ;  and  so  they  try 
to  correct  the  slope  by  putting  the  pictures  straight 
upon  the  walls,  and  by  tying  the  furniture  up  to  prevent 
it  sliding  along  the  floor.  It  is  no  use  fighting  each 
other  inside  the  house  because  they  find  themselves 
overcrowded  against  one  side  of  the  building.  Violent 
struggles  may  bring  the  fabric  down  to  engulf  them  in  ruin. 
Mr.  'W.  F.  Keith  {communicated)  :  The  scheme 
suggests  a  means  of  increasing  profits  by  training 
workmen  to  avoid  waste  of  time,  thereby  increasing 
production.  The  quid  pro  quo  offered  to  the  workman 
is  "  higher  wages  "  and  "  shorter  hours."  That  the 
scheme  would  increase  profits  and  production  is  un- 
deniable, but,  in  America,  where  similar  schemes  have 
been  tried,  rumour  has  it  that  the  production  of  lunatics 
and  nervous  breakdown  cases  also  increased  and  that 
workmen  became  "  too  old  at  40."  Taking  a  long 
view,  the  author's  scheme  is  not  unlike  a  proposal  to 
nullify  the  insidious  "  ca'  canny  "  policy  by  linking 
up  and  transforming  into  high-tension  energy  the 
various  "  bonus  systems  "  that  are  being  experimented 
with  throughout  the  country.  Administration  would 
be  by  national  and  local  boards  with  medical  advisory 
committees,  which  would  bring  workshop  control  within 
a  single  step  of  nationalization.  With  regard  to 
"  higher  wages,"  the  trade  unions  appear  to  consider 
that  the  greater  part  of  invested  capital  is,  or  origin- 
ally was,  unpaid  wages.  They  maintain  that,  although 
mechanical  labour-saving  devices  have  increased  pro- 
duction one-thousandfold,  the  workman  is  still  only 
paid  the  equivalent  of  the  cost  of  living  and  propagation. 
They  believe  that  higher  wages  under  this,  the  universal 
Iron  Law  of  Wages,  is  merely  an  optical  illusion,  because, 
they  say,  if  prices  advance  with  money  wages,  real 
wages  do  not  rise,  and  that  real  wages  may  be  falling 
as  they  were  during  the  period  1900-1911  when  money 
wages  were  almost  stationary  while  prices  advanced 
about  10  per  cent  and  profits  increased.     Further,  they 


say  that,  though  paid  only  a  living  wage,  they  must 
contribute  to  an  unemployment  fund  for  the  purpose 
of  maintaining  workmen  who  are  temporarily  not 
required — possibly  through  the  speeding-up  of  produc- 
tion. Perhaps  this  is  one  of  the  causes  of  the  "  ca' 
canny  "  policy  ;  and  if,  as  promised,  the  Government 
place  an  LTnemployment  Insurance  scheme  on  the 
Statute  Book,  it  may  effectively  stop  the  "  ca'  canny" 
methods  and  incidentally  render  the  author's  scheme 
unnecessary.  Shorter  hours,  on  the  other  hand,  are 
due  to  labour-saving  devices  increasing  production,  and 
mean  raising  the  standard  of  living.  Unless  evolution 
is  held  up  in  a  cul-de-sac,  shorter  hours  may  arrive 
without  labour  making  the  sacrifices  proposed  by  the 
author.  Britain,  we  are  told,  is  now  a  poor  country, 
and  had  the  country  not  been  in  an  unsettled  state 
ths  recent  concession — the  48  hours  week— by  capital 
to  labour  would  unlikely  have  been  granted.  The 
trade  unions  say,  in  this  connection,  that,  as  the  hours 
of  labour  are  reduced,  the  standard  of  living  will  rise 
and  production  fall  until  the  idle  class  is  forced  by 
the  economic  law  to  do  its  share  of  productive  labour. 
These  contentions  join  issue  with  those  of  the  author 
and  I  am  of  the  opinion  that  he  lias  not  proved  his 
case,  as  the  mere  suggestion  that  "  hewers  of  wood  and 
drawers  of  water  "  should  do  more  work  is  tanta- 
mount to  a  confession  of  ineptitude  on  the  part  of 
those  whose  function  it  is  to  hasten  the  triumph  of 
mind  over  matter  by  reducing,  if  not  practically  elimi- 
nating, manual  labour  by  harnessing  the  known  forces 
of  Nature  to  sorve  the  needs  of  mankintl. 

Mr.  D.  Martin  {communicated)  :  The  author  makes 
rather  a  bold  assertion  when  he  claims  what  he  does 
in  his  title.  "  Scientific  Management  "  as  a  phrase  is 
catching,  but  when  all  is  said  and  done  it  is  just  a 
phrase.  In  this  country,  ever  since  the  introduction 
of  machinery,  the  aim  of  the  engineer  (to  take  only 
one  industry)  has  been  efficiency,  whether  it  be  in 
manufacturing  processes  or  otherwise.  One  has  only 
to  observe  the  progress  made  in  the  last  40  years  in 
the  reduction  of  the  amount  of  coal  used  per  unit  of 
electricity  generated,  for  a  typical  example.  At  its 
best,  efficiency  is  only  an  aim  towards  an  ideal  con- 
dition of  affairs,  and  the  progress  made  towards  that 
ideal  is  only  limited  by  the  progress  of  human  know- 
ledge, which,  in  turn,  largely  depends  on  scientific 
research.  So  far  as  it  relates  to  shop  management,  it 
is  quite  a  relative  term,  and  to  call  it  by  a  high-sounding 
name  such  as  "  Scientific  Management  "  is  misleading. 
In  any  case  "  Scientific  Management  "  is  conducive  of 
suspicion  in  the  minds  of  the  workers.  To  make  the 
claim  that  it  is  the  cure  for  all  ills  in  production  is 
equally  erroneous.  To  endeavour  to  force  the  system 
as  it  is  known  in  America  upon  British  industry  is 
simply  to  court  disaster.  The  author  makes  the  as- 
tounding assertion  that  Taylor  was  the  inventor  of 
something  new  in  efficient  methods.  Surely  he  must 
be  aware  of  the  enormous  strides  in  efficient  production 
made  by  British  firms  before  Mr.  Taylor  was  bom.  I 
would  name  only  one  or  two  such  as  Napier  &  Elder 
and  Thomson  of  the  Clyde  shipbuilding  industry,  the 
Carron  Company,  the  B.S.A.  Company,  Messrs.  Tangye, 
Messrs.  Guest,  Keen  &.  Nettlefold,  the  late  Sir  Joseph 
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Whitworth,  and  numerous  others.  For  the  successful 
operation  of  what  the  author,  terms  the  Taylor  system 
two  essential  factors  are  necessary  :  first  an  unlimited 
supply  of  labour,  and  secondly  unorganized  labour. 
As  a  British  manufacturer  the  author  must  know  these 
two  essentials  are  absent  from  the  British  labour  market 
of  to-day.  I  have  been  intimately  concerned  in  wcrks 
management  since  1893,  and  during  the  war  was  one 
of  the  State's  chief  investigation  officials  into  industrial 
disputes.  So  that,  neglecting  the  short  period  during 
which  I  was  on  active  service  in  1914  and  1915,  I  can 
claim  some  23  years'  experience  in  a  position  covered 
by  the  phrase  much  used  during  the  war,  "  the  friendly 
neutral."  As  in  many  other  walks  of  life,  the  looker-on 
alwaj's  sees  the  most  of  a  show.  It  was  so  in  my  case, 
particularly  during  the  war.  I  am  no  longer  an  official, 
and  I  think  I  am  not  infringing  the  "  Official  Secrets 
Act  "  in  anything  I  say  here.  The  outstanding  bug- 
bears of  industrial  life  are  mainly  four  in  number,  and 
are  :  (i)  The  implacable  and  dogmatic  employer ; 
(2)  the  irreconcilable  or  agitator  type  of  trade-union 
official ;  (3)  the  bureaucrat,  and  {4)  the  impractical 
theorist.  Fortunately  for  this  country  neither  of  the 
foregoing  have  the  final  settlement  of  a  dispute  wholly 
in  their  own  hands.  In  this  respect  Britain  is  at  least 
years  ahead  of  the  practice  observed  in  any  other 
countrjr,  not  "excluding  America.  I  fear  the  author  s 
more  of  a  theorist  than  any  other.  In  saying  so,  I 
am  led  to  that  conviction  (in  spite  of  the  camouflage 
in  his  conclusions)  b^'  the  absence  in  the  paper  of 
remedies  for  alleviating  the  weaknesses  of  the  Taylor 
system  as  it  would  apply  to  Britain.  These  weaknesses 
are  many  and  I  put  them  in  the  form  of  questions  : — 

(i)  How  would  he  eliminate  the  tendency  to  drive, 
the  main  weakness  in  all  payment-by-results 
systems  ? 

(2)  How  would  he  get  over  the  tendency  to  monotony 

in  the  subdivisions  of  work  entailed  by  scien- 
tific methods  in  a  modern  British  factory  which 
must  be  kept  running  between  certain  fixed 
periods  of  time  ? 

(3)  What  are  the  compensatory  advantages  likely  to 

be,  arising  out  of  the  destruction  of  individual 
initiative  in  the  large  majority  of  the  work- 
people engaged  in  specialized  operations,  advo- 
cated by  the  Taylor  system  ? 

(4)  Where  is  he  likely  to  get,  and  who  is  to  decide, 

the  type  of  heavy  labourer  (essential  to  industry) 
in  the  ideal  state  of  affairs  pictured  under  the 
Taylor  system  ? 

(5)_Is  it  not  a  fact  Taylor  had  no  experience  of  trade 
unionism  as  it  is  understood  in  this  country  ? 

(6)  What  would  the  author  do,  assuming  all  labour 
was  union  labour,  as  it  is  in  the  majority  of 
trades  in  this  country,  in  the  event  of  his  shop 
becoming  blacklisted  ?  It  may  be  due  to  a 
demarcation  trouble  or  it  may  be  due  to  the 
employer's  refusal  to  discharge  a  foreman  or  a 
charge-hand  giving  a  perfectly  legitimate  in- 
struction, which  may  be,  as  not  infrequently 
happens,  obnoxious  to  members  of  a  certain 
trade  union.     These  are  two  common  disputes. 


(7)  How  does  he  propose  to  get  over  the  difficulty 

of  a  trade  union  rule  (the  A.S.E.  for  example) 
prohibiting  members,  under  a  penalty,  under- 
taking piecework  or  other  system  of  payment 
by  results  without  the  knowledge  and  consent 
of  their  district  committees  ? 

(8)  Having  the  ideal  in  mind  as  outlined  in  the  closing 

sentences  of  his  paper,  to  wit,  to  treat  all  men 
on  the  level  so  far  as  earnings  are  concerned, 
how  does  he  propose  to  differentiate  between 
the  earnings  or  the  rates  of  wages  payable  to 
the  skilled,   semi-skilled,   and   unskilled  ? 

(9)  Without  Government  control  or  its  worst  form, 

bureaucracy  or  strikes,  who  is  finally  to  decide 
the  district  rates  in  the  event  of  the  district 
Whitley  Committees  failing  to  arrive  at  agree- 
ment ? 
(lo)  How  are  prices  to  be  altered  in  the  event  of  an 
improvement  in  the  method  of  production,  for 
example,  taking  place  ?  Progress  in  this  con- 
nection is  never  stationary. 

These  and  a  hundred  other  cognate  questions  come  to 
mind,  but  I  look  in  vain  in  the  paper  for  a  solution. 
In  conclusion  I  would  remind  the  author  that  while 
we  owe  America  much  in  the  way  of  improvements  in 
many  things  displaying  inventive  genius,  much  of  it 
is  due  to  latent  inventive  genius  imported  into  the 
country,  enticed  it  may  be  by  the  greater  scope  to 
be  found  in  a  younger  country,  unfettered  with 
restrictive  trade-union  rights,  customs  and  privileges. 
It  is  essentially  a  country  where  the  idea  of  the  survival 
of  the  fittest  has  full  play,  though  that  idea  is  deprecated 
by  the  author.  Britain,  when  all  is  said  and  done, 
has  little  to  learn  from  abroad  in  the  handling  of  the 
labour  problem  in  industry.  In  1802  the  first  British 
Factory  Act  was  passed  dealing  with  conditions,  ven- 
tilation, etc.,  and  is  an  example  of  pioneer  efforts  in 
this  connection  ;  while  another  pioneer  effort  is  the 
enunciation  in  1919  of  practicable  international  labour 
laws  for  the  first  time  in  history  by  the  Labour  member 
of  the  British  Cabinet,  under  what  is  known  as  the 
Labour  Charter  of  the  League  of  Nations.  That 
Charter,  in  my  opinion,  is  a  move  in  the  right  direction. 
In  essence  it  is  an  attempt  to  standardize  labour  con- 
ditions of  other  countries  up  to  the  British  standard. 
If  it  succeeds  and  becomes  acceptable  it  will  tend  to 
alleviate  the  pre-war  international  cut-throat  competi- 
tion, incidentally  one  of  the  causes  of  the  war.  WTiat 
hope  has  Britain  in  a  world  trade  if  she,  by  observing 
fair  or  reasonable  conditions  in  her  industrial  life, 
handicaps  herself  to  the  tune  of  being  100  per  cent  or 
more  dearer  than  her  American  or  Japanese  Allies  for 
example  ?  What  has  been  done  in  Britain  cannot 
very  well  be  undone  now,  so  it  would  appear  to  be  the 
better  proposition,  I  think,  if  we  exerted  all  our  influences 
towards  a  more  uniform  international  standard,  based 
on  the  lines  of  the  British  minimum.  Having  obtained 
that  desirable  end  we  compete  fairly  and  without  the 
present  handicap.  At  least  that  is  likely  to  be  one 
of  the  manj'  remedies  towards  a  more  contented  indus- 
trial life  in  Britain. 

Mr.    O.    L.    Record    [coinnninicated)  :     I    read    the 
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paper  with  all  the  more  interest  owing  to  the  fact  that 
a  few  years  ago  I  had  the  pleasure  oi  visiting  a  factory, 
the  manager  of  which  had  occupied  himself  with  motion 
and  time  study  (whether  he  was  acquainted  with  Dr. 
Taylor's  work  or  not  I  do  not  know)  and  had  applied 
the  results  in  the  shops.  It  was  extremely  pleasing 
to  see  the  superior  skill,  efficiency  and  speed  with  which 
the  various  operations  were  performed.  I  think  the 
author  is  wrong  in  giving  to  the  Taylor  system,  i.e. 
to  a  particular  system  or  method,  the  general  term 
"  Scientific  Management  "  without  any  qupJification 
whatsoever,  as  if  it  embraced  the  entire  field  and  every 
possible  development  of  the  subject.  In  this  he  is 
only  following  American  engineers,  but  I  consider 
some  of  the  earlier  terms  applied  to  the  Taylor  system 
to  be  very  much  more  suitable  and  less  egotistical. 

Mr.  1.  V.  Robinson  {coniininuc.itcd)  :  Many  of  the 
speakers  have  taken  exception  to  the  name  "  Scientific 
Management  "  and  complain  that  no  definition  has 
been  given.  I  think  that  reference  to  Webster's  Dic- 
tionary will  give  a  complete  but  brief  definition  : 
"  judicious  use  of  systematic  knowledge  to  accomplish 
an  end."  This  definition  is  sufficiently  wide  to  allow 
of  the  application  of  Scientific  ]\Ianagement  to  the 
whole  domain  of  human  activities,  which  is  suggested 
in  the  paper.  .\s  one  who  has  had  a  little  experience 
in  the  attempt  to  introduce  the  initial  stages  of  Scien- 
tific Management  into  large  works,  more  particularly 
with  regard  to  time  study  for  the  logical  fixing  of  basis 
times,  bonus  rates,  etc.,  I  should  like  to  refer  briefly 
to  the  attitude  of  the  machine  operator  towards  time 
study  in  particular.  I  was  quite  frank  and  told  the 
operator  that  I  proposed  to  time  him,  and  that  my 
reason  was  to  ascertain  whether  it  would  not  be  possible 
for  him  to  earn  more  money  by  getting  a  greater  output. 
I  used  a  special  timing  book,  originally  introduced  bv 
Mr.  Sanford  E.  Thompson,  one  of  Dr.  Taylor's  earlier 
assistants,  in  which  the  watch  is  not  displayed  ostenta- 
tiously before  the  operator.  I  have  stood  beside, 
machines  for  hours  at  a  time  and  noted  the  intervals 
taken  for  detailed  elements  of  the  complete  operation, 
and  I  do  not  think  the  operator  fully  appreciated  the 
vast  amount  of  information  which  this  method  of 
observation  enabled  me  to  collect.  In  no  case  was 
any  objection  made  by  the  operator  to  this  method 
of  timing.  Such  time  study  enabled  me  to  collect  at 
least  the  beginning  of  a  set  of  data  relating  to  the 
machines  under  examination  which  would  be  of  very 
considerable  use,  not  only  to  the  works  in  which  the 
data  was  collected,  but  to  all  works  where  that  par- 
ticular machine  is  used.  It  should  be  the  duty  of  the 
machine-tool  manufacturer  to  supply  such  data  with 
his  machine,  assuming  standard  conditions  (which 
would  require  defining).  Very  few  machine-tool  makers 
appear  to  have  tackled  the  piroposition  on  these  lines. 
Some  of  them  are  prepared  to  give  a  guarantee  as  to 
the  niimber  of  pieces  turned  out  per  hour  and  to  send 
a  demonstrator  to  show  that  this  can  be  done.  This 
form  of  guarantee,  while  being  better  than  no  informa- 


tion at  all,  is  not  so  satisfactory,  as  it  does  not  enable 
the  purchaser  of  the  tool  to  determine  accurately  the 
time  that  will  be  occupied  in  the  machining  or  turning 
of  any  article  beyond  those  submitted  to  the  maker. 
If  the  machine-tool  makers  issued  such  a  book  of 
standard  unit  times  for  their  machines,  users  would 
then  be  in  a  position  to  calculate  their  own  basis  times 
logically  and  accurately.  The  compilation  of  such  a 
book,  if  not  undertaken  by  each  machine-tool  maker 
individually,  could  surely  he  imdertaken  \>y  an  asso- 
ciation representing  the  interests  of  the  machine-tool 
makers.  If  they  do  not  rise  to  the  needs  of  the  occa- 
sion, then  some  other  association  representing  engineers 
should  tackle  the  subject  and  prepare  for  their  members 
such  a  book  as  I  have  indicated.  The  paper  contains 
a  paragraph  headed  "  Scientific  Management  versus 
Common  Sense."  In  spite  of  the  first  sentence  in  that 
paragraph,  I  consider  Scientific  Management  to  be 
applied  common  sense.  It  is  no  discovery  due  to  Dr. 
Taylor,  but  to  Dr.  Taylor  we  do  owe  the  clear  enuncia- 
tion of  the  best  method  of  ascertaining  the  quickest 
and  most  economical  way  of  accomplishing  any  end, 
the  word  "  economical  "  being  interpreted  in  its  fullest 
and  most  complete  sense.  Another  point  referred  to 
in  the  discussion  is  the  confusion  which  exists  in  the 
minds  of  many  people  as  to  the  suitability  of  Scientific 
Management  for  shops  not  engaged  in  the  mass  pro- 
duction of  any  article.  Scientific  Management  can  be 
applied  to  general  engineering  shops  and  certainly  to 
shops  producing  such  articles  as,  say,  marine  engines, 
where  the  type  is  fairly  constant  but  the  number  per 
annum  comparatively  small.  In  such  works,  the 
planning  department  is  capable  of  rendering  very 
effective  services  and  can  allow  the  management  to 
know  exactly  whether  any  particular  engine  is  up  to 
its  scheduled  time  and,  if  not,  what  delay  there  will 
be  in  completion.  With  a  properly  designed  progress 
indicating-board,  it  would  be  possible  to  point  exactly 
to  the  one  forging  or  casting  which  is  behind  its 
schedule,  thus  holding  up  the  date  of  completion.  The 
author  refers  to  one  point  of  very  great  importance, 
as  to  the  need  of  considering  another  party  other  than 
capital  and  labour,  i.e.  the  consumer.  The  only  effective 
way  of  reducing  prices  is  to  produce  more  goods,  and 
Scientific  Management  will  enable  this  to  be  done.  As 
goods  are  only  paid  for  by  goods,  those  who  produce 
more  will  be  in  a  position  to  purchase  more.  In  order 
that  the  increased  output  should  enable  lower  prices 
to  be  charged,  it  is  essential  that  some  form  of  payment 
be  adopted  other  than  a  fiat  piece-rate.  With  a  flat 
piece-rate,  the  cost  per  unit  produced  is  only  reduced 
with  an  increased  output  by  the  saving  resulting  from 
the  division  of  the  standing  charges  over  the  increased 
output.  This  is  not  sufficient  to  reduce  the  prices 
considerably  and  so  increase  the  possible  market,  and 
some  reduction  in  the  labour  cost  per  unit  must  be 
obtained.  This  is  a  particular  advantage  of  the  Halsey, 
Weir  or  Rowan  systems  of  premium  bonus  payments. 
[The  author's  reply  will  be  found  on  pjage  366.] 
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Mr.  J.  H.  Bunting  :  I  do  not  quite  agree  with  the 
author  when  he  speaks  about  the  immediate  formation 
of  National  Boards,  because  I  think  we  have  got  to  do 
something  ourselves  before  we  can  expect  the  Govern- 
ment to  do  very  much  for  us.  I  see  no  reason  whatever 
why  the  principles  of  Scientific  Management  should  not 
be  introduced  into  the  factories  of  this  country,  not 
necessarily  in  the  form  in  which  they  were  put  forward 
by  Dr.  Taylor,  but,  in  some  form,  thev  might  certainly 
be  introduced  in  most  cases  with  the  greatest  possible 
advantage.  I  have  seen  these  principles  at  work  in  a 
modified  form  and  with  remarkable  results,  and  I  do 
not  think  that,  if  they  are  carefully  introduced  at  the 
present  time,  we  are  likelv  to  have  serious  trouble  with 
the  trade  unions.  I  am  in  entire  agreement  with  the 
author  when  he  says  it  should  be  our  policy  to  endeavour 
to  educate  the  whole  country  on  this  question  of  Scientific 
Management,  so  that  the  workpeople,  as  well  as  the 
employers,  will  understand  that  we  are  not  endeavouring 
to  detract  from  their  value,  but  to  add  to  their  usefulness. 
I  am  satisfied  that  the  person  who  requires  education 
on  this  subject  is  the  employer  rather  than  the  workman, 
and  I  am  convinced  that,  if  those  of  us  who  are  seriously 
thinking  about  this  subject  to-day,  will  look  back  four 
or  five  years  and  consider  the  point  of  view  from  which 
they  would  then  have  regarded  a  matter  of  this  kind, 
they  will  be  appalled  at  their  own  then  mental  attitude 
towards  such  a  proposition.  I  feel  that  we  have  learned 
a  little — but  only  a  very  little — and  that  we  are  just 
at  the  beginning  of  a  very  important  and  large  subject 
and  one  which  will  be  of  great  advantage  to  this  country 
in   the   immediate   future. 

Mr.  W.  J.  Morrison  :  I  will  confine  my  remarks 
to  a  few  suggestions  for  the  introduction  of  this  system. 
I  cannot  help  but  feel  that  some  of  us,  perhaps  all  of  us, 
can  take  a  lesson  from  what  we  have  been  doing.  We 
were  burning  our  boats  hopelessly  for  the  introduction 
of  such  a  system,  and  a  great  deal  of  the  responsibility 
of  this  lies  at  the  door  of  the  employers  of  to-day. 
Instead  of  suggesting  a  shorter  working  week  as  a  step 
in  the  right  direction,  the  worker  had  to  fight  for  this  ; 
and  then  we  have  had  all  the  loose  talk  by  the  employers 
since  the  introduction  of  the  shorter  working  week  about 
the  effect  of  the  increased  cost  in  wages.  In  connection 
with  this  I  wonder  how  many  of  us  have  studied  the 
subject  carefully  enough  to  understand  that  if  we  are 
manufacturing  an  article  and  a  workman  makes  in  a 
day  of  8  hours  four  of  these  articles  for  which  he  receives 
a  piece-work  price  of  2s.  6d.  each,  then  if  we  can  get  the 
same  workman  in  the  same  time  to  produce  six  articles 
instead  of  four,  we  can  afford  to  pay  him  3s.  6d.  per 
article  instead  of  2S.  6d.,  or  in  other  words  for  a  50  per 
cent  increase  in  production  to  pay  a  100  per  cent  increase 
in  wages.  Before  introducing  a  system  like  that  outlined 
in  the  paper,  we  have  to  convince  the  workmen  of  the 
benefits  they  will  receive  and,  in  my  opinion  still  more 
important,  the  benefits  the  employer  will  receive. 
We  must  educate  ourselves  first,  because  if  higher  wages 
have  to  be  paid  we  must  obviously  have  increased 
production,  and  this  can  only  be  done  by  cutting  down 


to  a  fine  point  the  matters  over  which  the  workman  has 
no  control.  To  enable  us,  as  the  author  has  pointed  out, 
to  get  at  the  real  facts  this  can  only  be  done  by  recording 
on  a  scientific  basis.  Some  of  us  already  must  have  a 
good  idea  of  the  difficulty  that  lies  before  us  in  convdncing 
the  workmen,  knowing  as  we  do  the  difficulty  that  exists 
at  present  in  attempting  to  convince  them  that  by  putting 
them  on  piece-work  they  are  going  to  earn  more  money. 
We  must  also,  as  the  author  has  indicated,  educate  the 
staff  on  the  subject,  and  we  can  only,  in  my  opinion, 
do  that  by  first  of  all  so  convincing  them  that  the 
principles  on  which  we  conduct  our  business  are  equitable. 
I  am  very  enthusiastic  about  the  matter  and  I  think 
that  if  employers  do  not  move  in  connection  with  the 
introduction  of  Scientific  Management,  it  will  only  be 
a  question  of  time  before  organized  labour  will  step  in 
and  force  our  hands. 

Mr.  T.  E.  Herbert  :  There  is  nothing  in  the  paper 
which  I  cannot  subscribe  to,  and  I  have  for  long  been 
convinced  that  Scientific  Management  is  the  panacea 
for  most  of  our  industrial  ills.  I  certainly  feel  that, 
strongly  as  the  author  has  put  the  humanity  aspect  of 
the  subject,  he  has  not  put  it  strongly  enough.  I 
should  have  liked  to  have  seen  it  brought  out  even  more 
strongly  that  the  whole  basic  idea  of  Scientific  Manage- 
ment is  the  substitution  of  help  and  assistance  by  the 
functional  foreman  for  the  mere  bullying  and  driving 
of  the  ordinary  general  foreman  ;  that  it  is  founded  on 
ascertained  facts  ;  that  its  basis  is  truth,  scientifically 
ascertained  and  analysed  to  detect  error  ;  and  that  it 
is  designed  to  produce  that  ideal  brotherhood  of  man 
which  can  alone  dissipate  the  clouds  of  suspicion  and 
distrust.  The  mere  fact  that  encouragement  and  help 
take  the  place  of  vindictive  criticism  and  punishment 
must  necessarily  improve  the  relations  between  capital 
and  labour.  It  is  of  course  true  that  Scientific  Manage- 
ment detects  and  eliminates  false  effort  and  secures 
efficiency  in  avoiding  waste  in  both  materials  and  human 
energy,  but  its  foundation  is,  I  suggest,  an  alteration  in 
the  attitude  of  the  employer  to  the  employed.  Much 
of  our  difficulty  the  author  rightly  ascribes  to  the 
sheer  ignorance  of  the  so-called  business  man,  who 
often  is  neither  an  engineer  nor  an  accountant.  Such 
a  man  often  fails  to  realize  the  sanctity  of  human  life, 
and  has  not  even  discovered  that  to  wear  a  man  out  is 
bad  economics  if  only  because  it  takes  time  and  money 
to  train  his  successor.  Such  a  man  often  fails  to  realize 
the  stupidity  of  reducing  a  piece  rate  once  fixed.  In 
the  old  days  of  small  firms  the  link  between  capital  and 
labour  was  much  more  human  than  it  is  to-day,  and  in 
my  view  Scientific  Management  will  serve  to  restore  it 
even  in  the  largest  organization. 

Mr.  A.  Page  :  Any  system  which  will  increase 
efficiency  and  eliminate  waste,  in  whatever  form  it 
may  be  found,  is  likely  to  meet  with  approval,  always 
provided  it  is  accompanied  by  the  raising  of  the  status 
of  the  worker.  The  first  hurdle  which  has  to  be  sur- 
mounted is  referred  to  near  the  bottom  of  the  first  column 
on  page  331,  which  reads  "  I  do  not  see  how  Scientific 
Management  can  progress  at  all  unless  the  unions  are 
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iiicluded  in  its  scheme."  How  are  we  to  get  rid  of  the 
suspicion  of  the  unions  which  leads  to  so  much  friction 
and  is  tlie  main  cause  of  hmitation  of  output  ?  Until 
that  is  accomplished,  any  attempt  at  motion  and  time 
s.tudy  would  be  futile.  The  gaining  and  retention  of 
the  goodwill  of  the  worker  is  the  essence  of  successful 
management.  There  is  increasing  evidence  of  a  more 
sympathetic  attitude  on  the  part  of  the  employing  class, 
and  there  is  promise  in  the  activities  of  the  Joint  Indus- 
trial Councils.  Dr.  Taylor's  work  appears  to  have  been 
very  thorough,  although  it  is  difficult  to  grasp  why 
he  required  to  spend  26  years  to  find  the  answer  to  the 
questions  at  the  top  of  page  332.  The  scientific  handling 
of  labour  is  the  most  difficult  part  of  Dr.  Taylor's  system, 
and  a  great  deal  of  spade  work  will  require  to  be  done 
before  the  British  workman  will  agree  to  make  an 
automaton  of  himself  in  return  for  the  satisfaction  of 
knowing  that  he  has  completed  his  job  with  the  minimum 
of  effort. 

Major  H.  Richardson  :  1  am  tempted,  in  answer 
to  the  author's  express  requests  for  constructional 
criticism,  to  make  one  suggestion  as  to  where  this  matter 
of  Scientific  Management  could  be  pushed  forward 
rapidly  in  this  country.  Many  years  ago  it  was  necessary 
to  make  some  long  experiments  on  electric  traction 
with  a  view  to  finding  out  the  highest  economical 
speeds,  etc.,  and  several  German  firms  at  that  time  found 
money  by  what  was  called,  I  believe,  a  "  Study  Club." 
My  suggestion  is  that  some  of  the  leading  firms  in  the 
British  Electrical  and  Allied  Manufacturers'  Association 
•do  set  the  example  and  initiate  progress  on  the  lines 
suggested  in  the  paper.  Valuable  and  necessary  as  the 
principal  work  of  the  B.E.A.M.A.  has  been,  the  continu- 
ance of  such  work  must  nowadays  be  to  a  great  extent 
a  matter  of  routine,  and  there  is  surely  room  among 
■its  activities  for  the  development  and  application  of 
enlightened  methods  in  workshops,  etc.  I  should  like 
Tto  emphasize  the  increased  value  to  this  country  of 
getting  in  first  on  such  a  scheme  as  this.  A  few  days 
ago,  in  a  discussion  in  another  place  on  a  matter  affecting 
engineering,  a  speaker  was  dangerously  optimistic,  in  my 
opinion,  in  certain  boastful  references  about  Britain 
having  unlimited  resources  and  that  our  prosperity, 
up  to  and  during  the  war,  was  due  to  these  resources. 
I  refuted  this,  drawing  attention  to  the  fact  that  the 
prosperity  of  this  country  was  not  and  is  not  due  to 
its  preponderance  of  resources,  because  these  resources 
are  a  small  percentage  of  the  world's  supplies.  Our 
prosperity  was  due  solely  and  only  to  the  fact  that  we 
were  the  first  to  develop,  and  rapidly  develop,  what 
resources  we  had.  I  take  the  liberty  of  mentioning 
again  this  point  of  view  to-night,  because  the  im- 
portance of  getting  first  in  the  field  cannot  be  over- 
estimated. 

Mr.  J.  S.  Nicholson  :  I  merely  wish  to  remind 
members  that  we  have  now  got  at  the  University  of 
Glasgow,  owing  to  the  generosity  of  Mrs.  Loudon  of 
Johnstone,  a  Lectureship  in  Engineering  Production. 

Mr.  J.  Richardson  :  One  aspect  of  the  case  for 
Scientific  Management  which  cannot  but  impress  anyone 
who  listened  to  discussions  on  this  subject  prior  to  the 
war,  is  the  difference  between  those  early  discussions 
and  the  tone  of  the  remarks  made  this  evening.     Prior 


to  1914,  so  far  as  my  knowledge  and  experience  go, 
no  paper  was  read  on  Scientific  Management  but  was 
met  by  ridicule  and  scorn .  At  the  present  time  advocates 
of  almost  the  same  system  are  most  favourably  received, 
and  in  the  discussion  all  agree  with  the  first  principles 
as  laid  down — at  least  if  they  do  not  agree  they  have 
not  the  courage  to  say  so.  Those  of  us  who  advocate 
this  system  feel  that  in  this  country  very  little  actual 
progress  is  being  made  towards  its  application  in  our 
workshops.  That  there  is  progress  being  made  is 
undoubted,  and  perhaps  even  more  than  is  appreci- 
ated, but  more  is  required.  The  important  lesson 
of  the  paper  appears  to  me  to  be  that  within 
the  next  few  years  we  are  likely  to  be  faced  with  a 
crisis  or  crises  in  our  industrial  affairs  which  can  only, 
or  can  best,  be  met  by  adopting  the  principles 
of  Scientific  Management.  How  then  can  we  start  to 
put  these  principles  into  practice  ?  In  the  paper  it  is 
suggested  that  a  number  of  Joint  Boards  of  employers 
and  employed  should  be  set  up  to  arrive  at  a  solution, 
and  the  reading  and  discussion  of  papers  like  this  is 
undoubtedly  a  preparatory  step  to  such  a  move.  On 
the  other  hand,  careful  thought  will  reveal  the  fact  that 
we  have  not  got  in  our  workshops  to-day  staff  officers 
or  young  men  who  could  put  into  operation  the  system 
of  Scientific  Management,  supposing  in  the  extreme 
case  that  it  were  made  obligatory  by  means  of  Act  of 
Parliament  or  some  other  similar  course.  We  must 
look  to  the  technical  institutions  and  the  universities 
to  provide   the  staff  officers  for  the  future. 

Mr.  J.  H.  Huntley  :  I  think  we  should  note  espe- 
cially that  the  author  has  dealt  with  the  broad  principles 
of  Scientific  Management  and  not  with  any  particular 
system.  Many  people  think  that  the  installation  of 
a  card  inde.x  or  other  system  is  Scientific  Management, 
whereas  these  systems  are  merely  tools  used  in  its 
application.  The  proposal  for  the  introduction  of 
national  or  international  Industrial  Boards  is,  I  believe, 
original,  but  I  think  these  Boards  should  have  their 
origin  in  the  workshop,  for  the  reason  that  the  setting 
up  of  a  national  board  would  be  a  difficult  matter  to 
commence  with.  It  would  be  easier  to  begin  in  a  small 
way  and  gradually  extend  the  movement,  district  by 
district,  until  ultimately  a  central  or  national  board 
was  founded  based  on  the  experience  already  gained. 
Another  point  which  a  number  of  speakers  have  already 
mentioned  is  the  comparative  ignorance  of  employers 
on  this  subject,  due  probably  to  multiplicity  of  interests 
and  lack  of  time  for  personal  investigation.  An  amicable 
relationship  between  the  employers  and  trade  unions 
to  discuss  this  and  other  matters  will  not,  I  think,  be 
easily  reached  if  the  employers  hand  over  their  side 
entirely  to  the  secretaries  of  their  federations,  who  are 
usually  lawyers  knowing  little  of  workshop  practice,  and 
who  usually  confuse  matters  and  cause  distrust  by  the 
use  of  unnecessary  legal  terms,  the  meaning  of  which 
is  not  clear  to  the  average  man. 

Mr.  L.  M.  Jockel  :  As  a  practical  engineer  I  am 
interested  in  what  I  might  call  simple  or  elementary 
improvements  in  management,  which  hardly  come  under 
the  title  "  Scientific  Management,"  and  I  have  seen 
their  application  in  one  or  two  of  our  large  indus- 
trial concerns  in  England.     Also  in  connection  with  the 
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training  of  apprentices  in  such  works,  I  have  been  brought 
into  touch  with  the  actual  value  of  even  the  elementary 
principles  of  science  in  management.  I  am  convinced 
that  Scientific  Management  will  come  :  it  is  only  a 
question  of  time.  In  the  meantime,  I  think  a  great 
deal  more  could  be  done  on  what  I  might  term  the 
elemental  side  of  Scientific  Management.  To  give  a  few 
instances.  I  have  seen  one  of  the  simplest  ideas  in 
ordinary  factories  in  the  shape  of  the  suggestion  box. 
Not  the  ordinary  suggestion  box,  but  something  based 
upon  that  principle,  as  a  link  between  the  employees 
in  general  and  the  management  or  stafi.  It  forms 
a  very  crude  but,  nevertheless,  practical  link  of  no  small 
value  between  those  two  departments.  ^  I  think  a 
great  deal  might  immediately  be  done  on  these  lines. 
I  believe  too  that  a  great  deal  could  be  done  wherever 
we  are  manufacturing,  by  the  adoption  of  even  simple 
elementary'  reforms  which  lead  to  economy  and  improved 
results.  I  myself  once  tried  the  introduction  of  simple 
graphical  methods,  and  the  result  upon  the  working 
was  certainly  beneficial.  It  undoubtedly  had  a  good 
effect  in  this  particular  case,  and  was  easily  explained 
to  the  men.  I  think  a  great  deal  could  be  done  in 
educational  matters  in  the  works  itself.  This  would  be 
specialized  educational  or  technical  knowledge,  and 
would  form  a  valuable  Imk  between  parties  and  give 
beneficial  results  to  both. 

Mr.  D.  Keachie  :  The  difficulty  it  seems  to  me  will 
be  in  introducing  a  system  on  this  principle,  under  the 
name  of  Scientific  Management.  There  are  many 
factories  in  the  countrj-  largely  run  on  scientific  or 
practical  lines,  but  they  have  not  adopted  the  name 
Scientific  Management  "  because  of  a  certain  amount 
of  odium  attached  to  it,  possibly  reflected  from  the  cold- 
blooded manner  in  which  it  was  introduced  in  America. 
There  is  one  point  in  the  introduction  of  anything  where 
an  increase  of  production  is  wanted,  that  is  the  method 
in  which  it  is  introduced.  The  spirit  is  almost  all  that 
matters,  and  if  we  have  the  proper  spirit  other  things 
will  follow.  The  old  way — "  There  is  a  job,  take  it  or 
leave  it  " — has  got  to  be  abolished,  and  we  have  to 
realize  that  workmen,  like  other  classes,  are  human. 
If  the  men  are  treated  in  proper  fashion,  I  have  no 
doubt  we  shall  get  the  results.  This  is  not  philanthropy, 
but  a  sound  business  proposition.  Give  the  men  our 
confidence,  inform  them  of  any  new  method  of  work 
to  be  introduced,  make  truth  and  straight-dealing  the 
watchword,  and  the  response  will  be  such  as  to  give  us 
a  return  in  trade  which  will  probably  surprise  most  of 
us.  Another  point — this  may  get  over  the  bogy  of 
shorter  hours  and  bigger  wages  ;  we  welcome  them  both. 
They  can  be  amply  offset  if  everyone  goes  thoroughly 
into  the  management  of  their  own  affairs.  At  this  time 
it  is  good  to  put  all  our  houses  into  order.  It  is  not 
difficult  to  see  in  many  of  our  factories  to-day  open  doors 
of  waste,  which  could  easily  be  closed  by  the  management 
adopting  proper  methods  of  control. 

Mr.  J.  F.  Nielson  :  The  author  has  omitted  to 
include  in  his  list  of  authoriti^'s  consulted  the  name  of 
Naval  Constructor  T.  G.  Roberts.  U.S.  Navy.  I  would 
strongly  recommend  to  those  interested  in  shipyard 
management  a  paper  read  by  him  before  the  (.American) 
Society  of  Naval  .Architects  and  Marine  Engineers,  15th   , 


and  i6th  November,  1917,  entitled  "An  Analysis  of  the 
Principles  of  Industrial  Management." 

Mr.W.  G.  Booker  :  One  of  the  best  forms  the  appli- 
cation of  Scientific  Management  might  take  would,  in 
my  opinion,  be  among  our  apprentices.     The  boys  of 
to-day  are  the  men  of  to-morrow,  and  from  these  we 
shall  reap  some  of  our  leaders  of  industry.     Our  present 
system   of   training   for   apprentices   in   most   shops   is 
bad.     So  far  as  I  see  the  position,  the  first  few  months 
of  the  first-year  apprentice  are  spent  probably  in  store 
work,  or  other  minor  work  such  as  messages  between 
departments,  etc.     After  this  period  he  is  considered  to 
know  something  of  the  routine  of  the  shops,  and  jobs 
on  the  tools  are  given  him,  with  a  few  verbal  instructions 
from  his  foreman,  or  the  journeyman  with  whom  he 
may  be  placed.     These  jobs  he  does  according  to  his 
own   initiative,   and   in   most   cases   with   no   practical 
demonstration  in  the  use  of  tools  or  material,  and  so 
the  majority  climb  from  one  class  of  work  to  another 
throughout     their     apprenticeship.     Here,     surely,     is 
where    one    seed    of    Scientific    iSIanagement    could    be 
sown.     The  first  teachings  and  impressions  gained  by 
the  young  are  the  most  deeply  rooted  and  lasting.     There- 
fore, scientific  training  should  be  brought  to  bear  on 
them  from  the  first  day  they  enter  the  works,  viz.  the 
correct  handling  of  tools  and  material,  the  correct  and 
most  efficient  method  of  doing  a  job,  the  correct  cycle 
of  operations,   and  the  elimination  of  all  unnecessary 
motion    or   handLng.      We  should  also   adopt  what  is 
known  as  the  instruction  carl,  which  should  not  only 
instruct  the  operator  the  method  of  doing  such  operation, 
but  also  state  a  known  time  in  which  the  operation  can  be 
accomplished,  this  being  predetermined  under  scientific 
principles  ;   and  it  should  embody,  for  each  operation 
as  a  whole  or  singh'  according  to  the  nature  of  the  work 
being  done,  that  very  important  point  described  by  the 
author  as  the   "  fatigue   factor."     This  in  my  opinion 
should  not  draw  very  great  opposition  from  the  practical 
trade  unionist,  for  who  could  object  to  such  a  sound 
scheme  of  training  the  young  the  best  way  to  go  about 
their  daily  task.    .Is  it  not  the  duty  of  any  trade  union, 
apart  from    striving  for  better  conditions  of  pay,  etc., 
for  the  workers,   to  supply  emploj'ers  of  labour  with 
first-class    tradesmen  ?     Also,    the    employer    training 
his   employees    under    scientific   principles    will    surely 
be  creating   a   great  asset  for  the   British    engineering 
industries. 

Mr.  J.  B.  Mavor  {communicated)  :  The  problem  of 
central  control  of  scientific  management  strikes  one,  at 
first  sight,  as  one  which  would  lead  to  high  general 
efficiency.  But  the  complex  nature  of  the  task  involved 
is  such  that,  to  my  mind,  would  lead  to  unwieldiness, 
as  in  all  other  Government  offices.  Take,  as  one  of 
the  many  examples,  the  standardization  of  a  simple 
operation  such  as  the  boring  of  bushes.  Would  the 
sub-branches,  as  detailed  by  the  author — say  in  a  dis- 
trict like  the  Clyde — fix  methods  and  times  for  a  complete 
range  of  diameters,  to  be  applied  to  the  entire  district  ? 
Would  their  duties  comprise  the  fixing  of  suitable 
tolerances  to  comply  with  the  standard  of  fit  and 
finish  required  for  ever>'  product  of  their  district,  and 
would  they  make  special  allowances  for  the  composition 
of  the  different  alloys  to  be  cut  ?     If  so,  records  of  all 
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motion,  studies,  equipment,  records  of  plant  available, 
and  analysis  of  materials,  would  have  to  be  carried  in 
reference  centres.  These  reference  centres  would  have 
to  cover  the  range  of  establishments  in  the  district,  from 
the  ultra  efficient  down  to  the  jobbing  establishment. 
Further,  is  it  quite  clear  that  Scientific  Management,  as 
advocated  by  Dr.  Taylor  and  his  disciples,  can  be  applied 
without  the  premises  of  standardization  of  product  ? 
If  this  is  not  so,  it  would  appear  that  the  road  to  be 
travelled  before  the  above-mentioned  central  control 
can  be  achieved,  is  verv  long  and  very  thorny.  When 
the  next  economic  depression  comes,  only  the  estab- 
lishments bearing  the  hall-mark  of  some  form  of  Scientific 
Management  stand  much  chance  of  survival  ;  but  I 
fear  I  must  differ  from  the  author  on  this  one  point  : 
"  He  travels  fastest  who  travels  alone,"  and  all  that  can 
be  hoped  for,  or  that  can  be  done  at  present,  is  to  create 
a  strong  bias  as  to  the  ultimate  destination. 

Mr.  A.  Stubbs  (communicated)  :  There  seems  to 
have  been  a  decided  effort  on  the  part  of  the  author 
to  generalize  and  to  set  forth  "  Scientific  Management  " 
as  the  panacea  for  the  social  problem  of  to-day.  Whilst 
it  would  seem  that  there  is  more  promise  of  success  in 
this  direction  than  in  any  of  the  alternative  schemes  before 
the  public,  one  cannot  but  realize  the  speculative  charac- 
ter of  the  paper.  In  considering  the  work  of  the  Indus- 
trial Research  Organization  which  is  to  establish  standard 
times,  etc.,  with  local  factors,  it  seems  to  me  a  wrong 
idea  to  neglect  the  local  cost  of  living.  The  cost  of 
living  and  the  workman's  general  environment  are  very 
important  considerations,  and  if  no  account  is  made  in 
the  wages  bill  there  must  be  some  alternative  which 
I  have  failed  to  find  in  the  paper.  It  is  these  factors 
which  enable  labour  to  determine  indirectly  where 
industry  shall  be  established.  These  factors  account 
for  the  immobility  of  labour,  and  industry  must  pay  the 
price  of  transferring  the  same,  a  condition  of  affairs 
which  it  was  necessary  to  recognize  at  a  cost  during  the 
war  when  munition  factories  were  being  erected  in  all 
parts  of  the  country.  Whilst  the  consideration  of 
detail  would  have  reduced  the  scope  of  the  paper,  it 
is   probable   that  the   more  immediate   results   will  be 


obtained  from  such  considerations.  Production  to  the 
engineer  is  like  a  mathematical  equation  with  all  its 
various  items  expressed  in  the  final  product.  A  costing 
system  is  a  means  by  which  the  items  or  terms  of  this 
complex  equation  may  be  solved  separately.  The 
result  of  such  a  system  to  the  engineer  is  that  he  has  a 
determinate  equation  in  which  every  quantity  is  definite 
and  its  relation  to  the  whole  clearly  understood.  With- 
out such  a  system  he  has  an  indeterminate  equation  the 
solutions  of  which  at  the  best  can  only  be  guessed. 
Costing  will  be  the  basis  of  modern  production  and  the 
means  by  which  an  increase  may  be  obtained.  It 
therefore  behoves  every  engineer  to  understand  and 
to  be  taught  the  elements  of  costing.  It  will  be  a  par- 
ticularly easy  subject  as  he  is  already  familiar  with 
mathematical  functions  and  their  relation  to  one  another. 
Just  as  the  engineer  may  think  mathematically  with- 
out being  a  mathematician,  so  also  he  may  think  in 
terms  of  costs  without  being  an  accountant.  There 
is  a  proper  way,  time  and  place  to  do  everything,  and 
each  of  these  factors  is  important  ;  their  influence  upon 
the  final  product  must  be  understood.  By  the  adop- 
tion of  a  proper  mental  attitude  towards  the  problems 
of  production  it  would  be  possible  to  effect  enormous 
savings  in  our  factories.  We  should  not  see,  as  we 
often  do,  many  pieces  of  machinery  assembled  together 
passing  round  the  shops  as  one  piece  to  be  worked  upon 
in  various  places.  It  would  be  obvious  that  an  unneces- 
sary "  oncost  "  charge  was  being  incurred,  viz.  capital 
interest,  factory  floor-space,  and  excessive  handling. 
It  is  important  to  note  that  these  savings  would  be 
obtained  without  introducing  elaborate  and  expensive 
accounts  into  the  office.  A  costing  system  should  serve 
to  stimulate  one's  mind,  and  the  accounts  to  confirm 
one's  conclusions.  When  introducing  "  cost  accounts  " 
it  is  necessary  to  define  beforehand  the  products  or 
groups  of  products  which  are  to  be  costed,  the  processes 
under  which  the  articles  of  cost  are  to  be  collected, 
and  the  overhead  charges  which  must  be  allocated  to 
each  process. 

[The  author's  reply  will  be  found  on  page  366.] 


Discussion  before  the  North-Western  Centre,  at  Manchester,  16  December,  1919. 


Mr.  H.  Mensforth  :  There  are  many  things  in 
connection  with  the  paper,  or  opinions  expressed  in  it, 
with  which  I  do  not  agree.  In  the  first  place  what  we 
are  out  to  discover  is  what  is  wrong  with  industry 
at  the  present  time.  It  is  not  the  lack  of  science. 
However  willing  one  may  be  to  adopt  what  science 
teaches  \is,  that  is  not  going  to  put  our  industry  right. 
What  has  been  lacking  in  the  past  has  been  humanity, 
and  so  far  as  I  have  read  Dr.  Taylor's  writings  on 
Scientific  Management  there  is  a  lack  of  humanity 
throughout  them  all.  He  says  that,  up  to  now,  man  has 
been  recognized  as  the  first  consideration,  but  that  in 
the  future  man  will  have  to  take  the  second  place  and 
system  will  come  first.  Well  I  shall  never  agree  to 
that.  I  say  the  human  element  must  come  before  any 
system.  Dr.  Taylor  further  says  that  the  principal 
object     of     Scientific    Management    is    to    produce    the 


greatest  prosperity  for  the  employer  and,  parallel 
with  him,  of  the  employee.  I  say  there  is  another  thing 
that  he  should  have  included  ;  it  must  be  to  the  common 
good  of  the  community.  One  of  the  historical  examples 
of  Scientific  Management  relates  to  the  handling  of 
pig  iron.  Dr.  Taylor  found  that  men  working  under 
ordinary  conditions  could  handle  15  tons  of  pig  iron 
per  day  from  a  dump  on  to  a  wagon.  By  training 
these  men  and  getting  them  to  work  to  a  watch,  as 
Dr.  Taylor  honestly  said,  treating  them  as  you  would 
an  ox,  he  was  able  to  get  them  to  load  sometliing  like 
45  tons  of  pig  iron  a  day.  He  says  that  he  has 
eliminated  waste,  so  far  as  this  particular  job  is 
concerned.  I  agree  with  him  that  he  did.  But  taking 
the  comm.unity  as  a  whole,  did  he  eliminate  waste  by 
utilizing  these  men  simply  as  beasts  of  burden  and 
eliminating  their  intelligence  ?     The  whole  idea  at  the 
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back  of  Dr.  Taylor's  mind  in  speaking  of  Scientific 
Management  was  to  set  up  task  work,  and  however 
successful  he  may  have  been  in  the  States — and  we 
have  only  to  read  the  papers  to  realise  the  extent  of 
that  success,  because  the  industrial  conditions  there 
are  generally  worse  than  in  this  country — I  do  not 
think  Scientific  IManagenient  can  be  established  here 
on  those  lines.  I  agree  with  science  being  employed 
in  management,  but  if  we  go  away  with  the  idea  that 
such  schemes  as  those  described  by  the  author  can 
be  adopted,  I  think  we  shall  find  we  are  wrong.  They 
cannot  be  adopted  with  the  present  state  of  feeling 
among  our  people.  They  will  not  have  that  sort  of 
thing.  They  will  not  have  men  who  do  all  the  brain- 
work  for  thero,  who  leave  nothing  to  their  intelligence 
but  e.xpect  them  to  move  simply  as  they  are  told.  , 
The  average  Briton  knows  perfectly  well  that  usually 
the  shortest  way  between  two  points  is  a  straight  line, 
but  when  we  order  him  and  lay  it  down  in  writing  for 
him  that  he  must  take  that  way  he  will  not  do  it.  In 
dealing  with  a  works  we  have  to  tackle  practical  things. 
Imagine  the  works  where  the  workmen  are  responsible 
to  eight  different  men.  There  is  one  job  I  should  not 
like  in  connection  with  those  eight,  and  that  is  the 
job  of  the  disciplinarian.  It  is  hopeless  to  expect  one 
man  to  take  instructions  from  eight  ;  it  is  not  possible. 
With  regard  to  the  proposal  to  set  up  some  national 
organization  for  making  piece-rates  or  time-studies  ; 
any  of  us  who  have  a  knowledge  of  running  shops 
must  know  that  we  cannot  get  a  national  system  of 
time-studies ;  things  vary  so  widely.  The  author  says 
he  would  have  local  or  district  boards  which  would  go 
over  the  figures  put  forward  by  the  national  organization, 
and  then  we  are  to  have  shop  committees  consisting 
of  a  combination  of  the  trade-union  representatives  and 
of  the  management.  I  suggest  that  we  have  arrived 
at  that  stage  to-day.  We  have  cut  out  the  other  stages, 
and  if  we  can  get  the  proper  atmosphere  (which  to  my 
mind  will  not  be  got  with  slide  rules  or  stop-watches) 
I  believe  we  can  obtain  the  output  we  need  without 
stultifying  the  brains  of  the  men  who  are  working 
for  us. 

Mr.  A.  R.  Stalling  :  It  is  just  9  years  ago  this  week 
smce  the  first  contribution  by  an  Englishman  in 
England  to  the  literature  of  Scientific  Management  was 
made.  This  was  a  paper  which  I  read  before  this  Insti- 
tution. Since  that  date  we  have  made  much  positive 
progress  in  this  country.  But  with  all  due  respect  to 
the  present  author,  I  wish  we  had  had  another  paper 
to  follow  up  this  policy.  I  think  this  paper  ought  not 
to  be  called  "  Scientific  Management  "  but  rather 
"  Idealized  Taylorism."  It  is  more  or  less  a  repetition 
of  facts  which  were  published  in  America  some  years  , 
ago,  and  the  author  has  given  us  no  indication  of  what 
has  been  done  in  the  past  12  years  in  this  country  in 
the  way  of  Scientific  Management.  Since  Dr.  Taylor's 
views  were  brought  to  this  country  and  studied  by 
employers  we  ha\-e  developed  a  British  Scientific 
Management  which  aims  at  getting  the  maximum 
output  from  the  factory,  and  this  is  a  totally  different 
thing  from  getting  the  ma.ximum  output  from  the  j 
individual.  Throughout  the  paper  we  have  had  | 
emphasis  laid  on  the  output  of  the  individual,  and  we    1 


have  had  no  indication  of  the  pitfalls  and  difficulties 

which  lie  in  the  way  of  those  who  would  applv  Scientific 
Management  in  this  country.  I  also  regret  to  note 
that  there  is  no  mention  of  the  excellent  work  done  by 
Professor  Kent  of  JNIanchester  University,  by  Dr.  ^'emoa 
Hill,  Dr.  Collis  and  other  engineers.  It  is  no  surprise 
to  British  engineers  to  hear  that  a  book  has  been  written 
on  the  physiology  of  work  ;  it  had  been  known  to  them 
for  some  time.  Dr.  Kent's  work  is  equally  important 
and  equally  valuable  and  should  have  been  mentioned. 
British  Scientific  Management  recognizes  that  Taylor's 
four  great  principles  are  as  true  to-day  as  they  were 
30  years  ago.  Those  principles  are  :  (i)  The  study  of 
the  job  ;  (2)  the  selection,  training  and  development 
of  the  worker ;  (3)  the  hearty  co-operation  of  the 
worker  ;  (4)  the  adequate  division  of  the  responsibility. 
We  start  with  the  study  of  the  human  factors,  the 
conditions  which  surround  the  worker  and  the  manage- 
ment, and  generally  the  conditions  of  the  factory. 
We  recognize  that  there  are  certain  psychological 
lines  which  must  be  followed  ;  also,  that  there  are 
certain  limitations  in  the  question  of  fatigue.  May  I 
say  in  passing  that  I  think  every  works  manager  worthy 
of  the  name  ought  to  be  the  judge  in  his  own  factory 
whether  the  work  is  too  strenuous  for  his  men  or  not. 
He  must  have  that  ability  just  as  an  officer  in  the 
Army  must  be  able  to  form  a  similar  judgment  in  the 
case  of  his  own  men.  He  must  know  whether  the  men 
are  working  to  the  detriment  of  their  health  or  to  the 
best  of  their  ability.  If  we  leave  it  entirely  to  the 
medical  men  we  shall  not  get  very  much  further.  When 
we  have  got  our  men  in  the  right  frame  of  mind  and 
convinced  them  that  we  are  seeking  the  elimination 
of  waste,  we  can  bring  our  machinery'  up  to  the  mark 
and  go  for  the  minutes  we  have  lost.  That  brings  me 
to  my  definition  of  Scientific  Management.  It  is  the 
elimination  of  all  forms  of  waste.  Waste  of  manage- 
ment is  the  waste  that  follows  from  people  rushing 
about  doing  things  which  it  is  not  their  business  to  do, 
instead  of  the  whole  thing  being  properly  thought  out 
and  methodically  arranged  ;  waste  of  energy  and 
vitality,  men  doing  work  for  which  they  are  not  fitted 
or  which  is  too  hard  for  them  ;  also  waste  of  skill  ;  there 
is  a  tremendous  amount  of  skill  wasted  in  our  factories 
to-da3',  simply  because  we  do  not  record  the  best 
skill  and  teach  it  to  the  men.  Then  there  is  the 
waste  of  time.  Time  is  lost  in  moving  w-ork  about  the 
shop.  We  must  overcome  all  these  wastes,  and  British 
Scientific  Management  will  overcome  them  by  methods 
which  are  intensely  human  and  directed  by  common 
sense.  We  start  with  investigation.  We  find  out  the 
why  and  the  wherefore  and  get  "at  the  bottom  of  every- 
thing. Then  we  apply  common  sense  and  see  whether 
the  new  system  can  be  applied  to  our  factory.  Does 
it  come  within  the  limitations  of  our  factory  ?  Is  it 
economical  to  do  it  ?  What  is  the  use  of  working  out 
a  time  card  containing  40  elements  for  an  operation 
on  one  article  only  which  only  takes  three  minutes  to 
perform  ?  That  is  not  common  sense.  \\Tien  we  have 
got  those  things  we  want  a  square  deal  between  the  men 
on  the  one  side  and  the  employer  on  the  other,  perfect 
frankness  and  perfect  agreement  over  what  is  going 
to   be  done.     Those  are  the  lines   of   British  Scientific 
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Management.  I  have  a  chart  which  shows  the 
application  of  these  principles  of  Dr.  Taylor  to  the 
various  classes  of  waste,  and  the  methods  which  we 
employ,  and  it  will  be  found  that  they  are  all  perfectly 
human  and  "  common  sense."  The  elements  then  are  : 
investigation,  common  sense,  and  square  dealing. 
A  great  deal  of  opposition  has  been  based  upon  the 
failures  of  the  past.  People  ha\-e  tried  to  apply  certain 
portions  of  Scientific  Management  piecemeal,  without 
considering  it  as  a  whole,  a  unit  composed  of  human 
and  mechanical  elements.  They  have  practised  timing 
with  a  stop-watch  with  tlie  idea  of  limiting  earnings, 
instead  of  trj-ing  to  find  out  how  easy  the  job  could  be 
made  for  the  man,  and  the  opposition  has  been  very 
bitter.  Scientific  Management  is  not,  as  the  author  puts 
it,  a  solution  of  the  problem  of  capital  and  labour.  The 
solution  is  to  be  found  in  the  coming  together  of  capital 
and  labour,  and  here  Scientific  Managem.ent  with  its 
ideals  and  its  common  sense  uill  form  a  positive  pro- 
gramme for  progress.  The  sooner  this  programme  is 
dra^^Tl  up  and  agreed  upon,  the  better  will  it  be  for  all 
parties. 

Mr.  H.  Allcock  :  We  are  evidently  in  general 
agreement  that  the  British  workman  cannot  be  driven 
but  must  be  handled  with  due  regard  to  his  temperament. 
Taylorism  appears  to  be  based  on  a  kind  of  German 
regimentation  to  which  we  are  all  instinctively  opposed, 
and  I  endorse  Mr.  Mensforth's  views  as  to  the  danger 
of  de-humanizing  industry.  It  seems  to  me  that  the 
recommendations  of  the  Higher  Production  Council 
are  more  in  keeping  with  the  British  temperament 
because,  in  appealing  to  the  team  spirit,  they  are 
appealing  to  that  which  is  already  so  highly  developed 
in  British  sports.  For  the  benefit  of  those  who  miLy 
not  have  noted  the  proposals  of  the  Higher  Production 
Council  I  would  explain  that  they  are  based  on  a  plan 
adopted  by  IMessre.  Priestman  Brothers  of  Hull  who 
claim  to  have  proved  its  success  after  two  or  three 
years'  practical  experience.  In  agreement  with  the 
workers  the. managers  assessed  what  they  called  the 
standard  output  per  month.  The  output  of  each  month 
is  compared  with  that  basis  and  the  pay  is  varied 
accordingly.  For  instance,  assuming  the  standard 
output  per  month  to  be  loo  tons  and  that  this  is 
exceeded  by  20  per  cent,  raising  the  output  to  120 
tons,  then  the  pay  of  everyone  in  the  establishment 
from  managing  director  to  office  boy  is  raised  20  per 
cent  for  the  month  immediately  following  that  of  the 
increased  output.  It  is  thus  recognized  that  the  first 
business  of  all  employees  is  to  facilitate  output,  and 
co-operation  becomes  the  keynote  of  the  whole 
establishment.  I  think  it  is  very  important  that  the 
extra  payment  should  very  promptly  follow  the 
extra  effort,  because  the  average  working  man  does  not 
appreciate  any  scheme  put  before  him  for  his  better 
pay  unless  he  is  due  to  receive  it  on  Frida}'  night  and 
everj'  Friday  night.  It  is  useless  to  propound  a  profit- 
sharing  scheme  under  which  he  may  be  entitled  to 
5  or  10  per  cent  dividend  at  the  end  of  the  year — that 
is  altogether  too  remote  to  attract  him.  In  my  opinion 
that  aspect  of  the  case  deser\-es  more  attention  than  it 
has  hitherto  received.  We  must  surely  be  all  agreed 
that    the    only    way    to    increase    output — and    output 


must  be  increased  if  we  are  to  maintain  the  present 

high  wages — is  some  method  of  payment  by  results 
and,  I  would  again  emphasize,  the  "  payment  "  should 
follow  the  "  result  "  as  promptly  as  possible. 

Mr.  H.  Pilling  :  I  find  myself  in  general  agreement 
with  the  criticisms  already  expressed  on  this  paper. 
The  impression  made  on  my  mind  when  I  read  it  was 
that  it  was  an  extremely  hard  paper.  I  can  quite 
understand  that  in  a  factory  where  the  system  has  been 
applied  beneficial  results  might  be  obtained,  but  I 
can  also  understand  that  only  workmen  who  are  in 
receipt  of  a  high  wage  would  work  in  such  a  factory. 
I  very  much  question  whether  any  good  is  done  to  an 
industry  b}'  driving  men  to  the  utmost  possible  effort 
in  an  almost  inhuman  kind  of  way  with  the  necessary 
result  that  very  high  wages  have  to  be  paid.  In  these 
days  most  people  are  agreed  that  capital  and  labour 
are  equal  partners  after  a  certain  point  has  been  reached. 
Not  much  is  said  in  the  paper  on  the  profit-sharing 
side  of  this  question  except  that  on  page  335  there  is 
a  remark  about  the  Federation  of  British  Industries. 
It  is  stated  that  in  one  of  their  Reports  these  remarks 
occurred  :  "  Profit-sharing  is  proved  unsatisfactory 
when  scientifically  investigated,  and  it  is  therefore 
regrettable  that  more  time  should  be  lost  travelling 
once  again  along  this  old  cul-de-sac."  I  am  not  prepared 
to  agree  that  profit-sharing  is  really  unsatisfactory. 
It  may  be  unsatisfactory  as  hitherto  applied.  My 
brother  presented  to  Bolton  Traders'  Association  in 
191 7  a  report  on  the  profit-sharing  schemes  of  this 
country.  Particulars  were  given  of  299  schemes  of 
wliich  163  had  foundered,  and  at  the  time  the  report 
was  presented  136  were  still  alive.  Very  few,  however, 
were  really  satisfactory  and  the  reason  was  clear, 
namely,  fluctuating  profits.  Workmen,  while  quite 
willing  to  participate  in  rising  profits,  are  not  satisfied 
with  falling  profits,  and  are  still  less  satisfied  when  no 
profit  is  being  made.  The  question  therefore  arises  : 
Is  it  possible  to  have  a  profit-sharing  scheme  so  arranged 
as  to  steady  the  increment  and  thus  remox'e  that  most 
serious  obstacle  ?  To  that  point  I  wish  to  duect  my 
remarks.  We  are  all  aware  that  in  the  cotton  trade 
a  very  serious  position  is  arising.  In  April  next  the 
question  of  wages  in  the  cotton  trade  comes  up  for 
review.  Many  of  the  leading  cotton  spinners  at  the 
present  time  are  considering  the  advisability  of  a  wage 
advance  being  made  now  in  view  of  the  great  profits 
which  are  being  made  and  the  great  increase  of  capital 
values.  Some  of  them  have  told  me  that  the  only  thing 
which  is  holding  them  back  at  the  present  moment 
is  the  great  fear  on  their  part  that  if  the  cotton 
operative's  wage  rises  to  a  higher  level  there  may  be 
a  reaction  on  the  engineering  trade.  At  the  present 
moment  the  wages  of  engineers  are  less  than  those  of 
minders  in  cotton  mills.  If  the  minders  are  to  make 
more  money  than  they  are  making  now  we  shall  certainly 
have  a  formidable  claim  from  our  engineers  for  higher 
wages.  I  have  suggested  that  it  would  be  impolitic 
in  the  highest  degree  for  mill  o\vners  to  raise  wages 
if  it  can  possibly  be  avoided,  and  that  the  proper  thing 
for  them  to  do  is  to  use  a  certain  proportion  of  these 
profits  for  the  benefit  of  the  workmen  concerned.  I 
suggest    that    a   scherne   of    this  nature   might    advan- 
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tageously  be  adopted  by  engineers.  In  the  paper  it  is 
suggested  that  the  rate-fixing  and  standard  times 
might  be  dealt  with  by  a  rommission  or  by  a  Board 
with  special  reference  to  districts  and  towns.  They 
will  ha\e  nothing  to  do  with  the  local  cost  of  living 
but  only  with  the  geographical  and  climatic  conditions 
and  the  producing  capacity  of  the  worker.  IMuch 
the  same  idea  underlies  mv  suggestion,  which  is  this, 
that  in  each  industry  a  certain  standard  profit  shall 
be  agreed  upon — a  reasonable  profit  to  the  capitalist. 
When  the  amount  of  the  profit  is  exceeded  the  surplus 
should  be  di\-ided  into  two  parts,  one  of  which  is  to  pass 
to  the  capitalist  at  whose  works  they  are  made,  and  the 
other  part  to  the  workers.  Now-  here  comes  in  the 
distinctive  feature  of  my  suggestion.  The  workers' 
share  should  not  pass  to  the  workers  in  the  establishment 
where  it  was  earned  but  into  a  com.Jion  pool,  and  the 
common  pool  should  be  held  in  trust  by  some  admin- 
istrative Board  for  the  benefit  of  the  workers  in  the 
whole  of  the  industry,  to  be  distributed  in  some  way 
to  be  mutually  agreed  upon.  I  myself  would  eannark 
the  first  distribution  for  the  relief  of  unemployment. 
It  is  highly  likely  that  in  the  near  future  each  industry 
will  have  to  look  after  its  own  unemployed  workpeople. 
When  the  workers'  share  is  distributed  among  the  whole 
of  the  industrv  the  total  increase  in  the  earnings  of 
the  workpeople  would  probably  not  amount  to  a  large 
sum,  but  I  do  not  think  workmen  would  attach  much 
objection  to  this.  The  evil  of  the  present  situation 
is  that  the  workman  emphatically  regards  it  as  unfair 
when  excess  profits  are  being  made  by  the  capitalist 
and  he,  the  worker,  does  not  get  a  direct  share  of  them. 
Touching  on  the  merit  of  the  pool  system,  my  brother 
had  a  scheme  for  indiNadual  profit-sharing  at  Bolton 
in  an  engineering  firm  in  which  he  w-as  interested. 
At  the  end  of  the  first  quarter  the  amount  per  man 
worked  out  at  not  less  than  £10,  and  /lo  was  promptly 
handed  over  to  the  workpeople,  ^^'ithin  a  w-eek,  by 
order  of  the  trade  union,  the  men  had  to  refund  it  on 
pain  of  being  expelled  from  the  union.  What  was 
the  trade  union's  objection  ?  No  doubt  that  the  scheme 
violated  their  desire  for  flat  rates  and  uniform  conditions. 
Under  the  system  which  I  have  suggested  all  work- 
people would  receive  a  certain  amount  at  the  end  of 
the  year  and  if  it  were  only  £2  they  would  say  :  "It 
is  not  the  amount  of  money  that  I  value  so  much  as 
that  I  have  had  a  fair  division  of  the  surplus."  That 
is  the  point  that  I  wish  to  impress  upon  members — to 
earmark  this  pool  for  general  distribution  by  a  Special 
Board,  even  if  necessary  by  the  trade  unions,  with 
safeguards  so  that  they  do  not  use  the  money  for 
propaganda  or  purely  trade-union  purposes,  but  in  any 
case  distribute  it  in  such  a  way  that  all  the  work- 
people in  all  establishments  benefit  to  an  equal  degree 
in  the  prosperity  of  the  industry-.  It  would  never  do 
to  let  the  surplus  profit  go  to  the  workpeople  at  the 
establishments  where  it  is  earned.  It  must  necessarily 
be  distributed  as  a  common  pool,  other^vise  discontent 
would  be  rampant  all  round.  I  find  myself  in  full 
agreement  with  the  previous  speakers  that  until  such 
questions  receive  more  consideration  than  they  have 
done  we  shall  not  achieve  the  object  in  view. 

Mr.  D.  L.  Sands  :    I  am  quite  in  accordance  with 


the  views  expressed  by  previous  speakers  regarding 
the  human  side  of  the  business,  and  my  only  comment 
in  regard  to  the  paper  as  a  whole  is  simply  that  it  seems 
to  ignore  almost  entirely  our  understanding  of  the 
psychology  of  the  worker.  That  aspect  of  the  question 
is  alniost  entirely  left  out  and  I  would  point  out  to  the 
author,  if  he  is  not  already  aware  of  the  fact,  that  here 
is  another  variable  with  which  he  will  have  to  reckon 
when  he  starts  to  introduce  it  into  Scientific  Manage- 
ment schemes.  It  varies  in  every  district.  In  con- 
nection with  time  studies,  the  author  refers  to  the 
question  of  the  first-class  man.  I  do  not  know  whether 
the  rate  fixer  is  to  be  the  first-class  man  specially 
referred  to.  If  so,  I  can  only  say  that  in  general  the 
speed  of  operation  of  the  first-class  man  is  superseded 
right  away  on  repetition  work  by  a  girl  who  has  been  on 
the  job  for  two  or  three  months.  Another  statement 
that  I  can  scarcely  agree  with  is  that  Scientific  Manage- 
ment ceases  to  deal  with  labour  as  a  commodity  subject 
to  supply  and  demand.  When  a  job  is  commenced, 
how  is  the  rate  of  remuneration  to  be  settled  ?  Usually 
by  collective  bargaining,  the  result  of  which  I  think 
will  depend  largely  upon  supply  and  demand  of  labour. 
Since  my  other  points  have  been  covered  by  previous 
speakers  I  will  only  refer  now  to  the  portion  of  the 
paper  relating  to  Scientific  Individuahsm  versus 
Socialism.  To  my  mind  this  whole  section  is  grossly 
unscientific  ;  it  develops  an  irrelevant  and  unnecessary 
controversy.  The  fundamental  principle  of  Scientific 
Management  must  be  to  secure  the  co-operation  of 
the  worker,  which  brings  us  to  the  position  light  away 
tliat  in  the  latter  portion  of  the  paper  the  raising  of 
the  question  of  Individualism  versus  Socialism  is  really 
bringing  out  unnecessary  antagonism.  The  true  view 
of  Scientific  Management  as  it  stands  before  us  to-day 
is  that  it  is  the  replacement  of  tradition  and  rule-of- 
thimib  by  considered  methods  based  upon  a  study 
of  the  problem  in  general.  I  hold  the  average  British 
workman  in  high  esteem,  and  I  do  not  think  it  is 
altogether  in  keeping  with  our  prestige  as  scientists 
that  we  should  start  him  on  Scientific  Management 
with  a  scathing  condemnation  of  the  present  labour 
idols.  In  due  course,  if  we  pursue  the  right  path, 
as  we  can  do  with  Scientific  Management,  I  think  he 
will  be  man  enough  to  see  it  and  admit  it. 

Mr.  A.  P.  M.  Fleming  :  In  considering  matters 
relating  to  management  we  are  prone  to  consider  only 
the  conditions  arising  in  the  factor^-.  We  must  take 
a  wider  view,  for  as  Mr.  Mensforth  emphasizes,  the  good 
of  the  community  must  be  considered  in  addition  to 
that  of  the  individual  worker  and  of  the  management. 
Men  react  to  differences  in  social  and  domestic 
conditions,  and  this  influences  the  work  they  do  in  the 
factor^'  ;  motion  study  and  fatigue  study  must  take 
into  account  these  variations,  and  not  presuppose 
that  a  kind  of  standard  man  is  being  considered.  It 
must  also  be  borne  in  mind  that  the  selection  of  men 
under  the  Taylor  system  is  rigid  and  exacting,  and  I 
can  conceive  that  in  the  vast  majority  of  industries 
the  methods  that  would  be  used  to  select  men  in  this 
way  would  result  in  the  choice  of  those  of  a  similar  t>T)e, 
and  that  there  would  necessarily  be  a  considerable 
number    rejected.      We   may   therefore    be   dispensing 
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with  the  services  of  a  number  of  men  for  whom  the 
community  will  have  to  provide  in  some  form  or  other. 
I  should  like  to  hear  the  author's  Views  on  this  question 
of  men  who,  while  emploj'able  and  employed  under 
■ordinary  methods  of  management  without  rigid  systems 
■of  selection,  would  find  no  place  under  a  rigid  sclieme. 
T  have  had  little  experience  of  so-called  Scientific 
^Management  in  factories,  but  I  have  attempted  on 
several  occasions  to  chart  the  characteristics  of  men 
required  for  particular  posts,  and  I  have  recognized 
that  the  difficulty  of  fitting  men  to  jobs  is  so  great 
that  very  frequentlv  it  is  necessarv  to  carry  out  the 
reverse  process  and  fit  the  job  to  the  man.  In  the 
majority  of  responsible  positions  both  processes  are 
\mdoubtedly  at  work.  The  attention  now  being  directed 
to  Scientific  Management  is  such  that  vounger  men  may 
loecome  enthusiastic  in  the  matter.  To  them  I  should 
like  to  utter  a  word  of  warning  against  the  Hood  of 
literature  that  is  now  being  poured  out  in  book  form 
on  this  subject,  not  necessarily  under  the  heading 
Scientific  IManagement,  but  under  such  headings  as 
industrial  administration,  industrial  economics,  etc., 
much  of  which  emanates  from  the  United  States  and 
a  large  proportion  of  which  is  worthless.  Men  who 
have  had  the  necessary  experience  to  deal  with  the 
matter  are  usually  far  too  busy  to  attempt  it,  but  I 
liope  that  we  shall  obtain  from  them  realK-  sound 
literature  which  will  accom.plish  for  British  m.anagement 
■what  Dr.  Taylor  tried  to  do  for  that  which  has  arisen 
in  the  United  States. 

Mr.  J.  D.  Paton  :  I  think  that  Dr.  Taylor  should 
have  the  credit  of  being  the  originator  of  the  movement, 
and  that  those  who  would  detract  from  him  are  wanting 
in  courage  to  handle  the  subject  as  he  did.     His  experi- 


ence is  only  what  is  common  to  the  men  who  have  had 
to  handle  men  in  any  quantity  and  estimate  the  moral 
values  of  our  voluntary  acceptance  of  innovation  by 
the  workers  in  this  country.  We  know  a  thing  is  right 
and  we  introduce  it  in  our  works.  I  challenge  any 
manager  here  who  has  tried  to  introduce  an  innovation 
in  his  shop  to  say  that  he  ever  got  it  going  on  a  voluntary 
basis.  Truth  is  a  straight  line  and  no  accommodating 
deviation  has  anything  to  do  with  Scientific  Management. 
There  is  one  glaring  instance  in  Lancashire  of  the 
unwilling  attitude  of  the  worker  to  a  very  material 
advantage  and  social  reform.  In  the  Rhine  Valley 
baths  were  introduced.  They  did  not  say  to  the  men  : 
"  Will  you  wash  ?  "  They  said  :  "  Go  in  and  get 
washed  and  come  out  clean  "  and  the  men  did  as  they 
were  told.  In  Lancashire  an  enterprising  company  also 
built  baths.  They  could  not  issue  orders  but  they 
expected  the  workmen  to  use  them  under  the  principles 
of  \-oluntary  acceptance.  Who  went  there  ?  A  few 
boys.  I  think  Dr.  Taylor  has  handled  the  problem 
with  judgment  and  given  due  regard  to  the  amenities 
of  the  worker's  life  ;  no  emplover  ever  tried  to  do  more. 
He  faced  the  problem  to  establish  the  truth  of  work 
as  the  only  road  to  evolution,  and  we  want  to  handle 
it  in  the  same  wav.  Scientific  Management  equally 
applies  to  managers  as  to  men.  \Mien  an  economic 
truth  is  established  in  industry  its  value  should  not  be 
left  to  voluntary  acceptance  bv  a  community  incompetent 
to  appreciate  it  ;  by  physical  discipline  under  correct 
conditions  an  involuntary  recipient  must  eventually 
become  an  appreciative  applicant.  Taylor  realized  this 
truth  and  took  the  straight  road  to  its  application. 

[The  author's  reply  will  be  found  en  pige  366.] 


Discussion  before  the  South  Midland  Centre,  at  Birmingham,   17  December,  1919. 


Mr.  A.  Phillips  :  I  may  say  at  the  outset  that  I  am 
a  firm  believer  in  the  application  of  Scientific  Manage- 
ment as  a  means  of  obtaining  that  increase  in  production 
so  essential  to  be  brought  about  to  the  greatest  possible 
extent  at  the  present  time.  The  author  appears  to 
consider  that  "  Taylorism  "  is  the  onlv  solution  of  all 
the  troubles  that  the  workshop  is  heir  to.  It  cannot 
be  denied  that  time  study,  the  fixing  of  rates,  and  the 
elimination  of  all  unnecessary  motions  in  the  perform- 
ance of  work  will  go  a  long  waj-  to  reduce  the  cost  of 
production  ;  but  I  am  inclined  to  think  that  Taylor 
scarcely  \-isualized  the  conditions  that  are  bound  to 
obtain  under  what  is  recognized  at  the  present  time  as 
■"  niass  production,"  and  this  I  think  will  require  very 
careful  consideration  on  the  part  of  manufacturers  who 
must  apply  it.  The  end  and  aim  of  Scientific  IManage- 
ment is  to  produce  the  maximum  amount  of  work 
with  the  minimum  amount  of  eifort,  and  this  not  only 
in  the  physical  but  also  in  the  mental  direction.  The 
sub-division  of  work  to  such  an  extent  that  the  people 
employed  in  it  have  only  to  learn  one  simple  motion 
and  continuously  to  repeat  it  in  order  to  do  this  work, 
is  a  condition  which  is  not  calculated  to  stimulate  the 
brain  of  the  individuals  who  are  engaged  in  it,  and  it 
is  frequently  stated  by  people  who  claim  to  be  experts 


that  this  condition  of  manufacture  will  tend  to  reduce 
the  numbers  of  skilled  workers.  It  is  also  a  condition 
of  employment  that  is  distasteful  to  a  skilled  worker. 
When  one  looks  a  little  further  it  is  obvious  that  the 
number  of  skilled  workers,  instead  of  being  less,  will  be 
greater  ;  they  will,  however,  be  engaged  in  producing 
the  necessary  equipment  for  the  unskilled  workers. 
The  amount  of  production  will  then  be  increased  by 
hundreds  per  cent.  The  field  of  unskilled  workers 
will  necessarily  be  leavened  by  many  who  will  have 
attempted,  but  failed,  to  reach  the  amount  of  skill 
requisite  for  the  more  skilled  occupations  ;  also  from 
the  ranks  of  the  unskilled  operators  on  machines  will 
arise  undoubtedly  (as  well  as  from  the  ranks  of  skilled 
labour)  men  who  will  take  high  administrative  positions 
in  the  works.  I  am  one  of  those  who  believe  that  it 
is  quite  reasonable  to  have  a  condition  in  which  people 
will  carry  out  the  purely  mechanical  and  repetition  part 
of  production  and  need  not  necessarily  regard  their 
work  as  their  whole  life,  but  merely  as  a  nieans  of 
providing  them  with  necessary  bread  and  butter. 
Shorter  hours,  congenial  conditions  of  labour,  in  so 
far  as  the  sanitary  and  hygienic  arrangements  of  the 
establishments  in  which  they  have  to  work  are  concerned, 
will,    I    believe,    renijer    those    who    work    under    such 
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conditions  happier,  realizing  that  they  may  enjoy  and 
live  a  more  full  and  happy  life  in  their  leisure  time, 
which  of  course  will  be  much  greater  than  it  has  been 
hitherto.  That  it  will  be  necessary  for  them  to  subject 
themselves  to  a  certain  amount  of  discipline  they  will 
readilv  agree  to,  when  they  realize  the  great  advantages 
that  not  only  they  but  the  community  at  large  will 
derive  from  this  method  of  intensive  production  by 
means  of  machinery  and  a  very  line  sub-di\-ision  of 
work  for  the  purpose  of  reducing  the  amount  of  skill 
necessarv.  The  thing  that  is  requisite  at  the  present 
time  is  to  educate  the  people  to  realize  the  necessitv 
of  this  condition.  I  see  no  reason  why  the  great 
majority  of  those  who  are  doing  preparatory  work  to 
equip  themselves  for  higher  positions  in  other  spheres 
of  industry  should  not  devote  a  part  of  their  time  to 
attending  to  the  world's  productive  machinery-,  thereby 
directly  benefiting  themselves  and  also  the  community. 
The  author  has  mentioned  a  s^-stem  of  pavments  by 
results  as  being  the  only  satisfactory  method  of  reward- 
ing labour,  and  I  understand  him  to  mean  piece-work. 
\Miile,  of  course,  payment  by  results  is  what  we  are  all 
anxious  to  get,  yet  payment  by  piece-work  is  not,  in 
my  opinion,  always  the  most  satisfactory  method  of 
dealing  with  the  worker,  in  a  modem  factor)-,  producing 
a  definite  line  of  manufacture.  It  is  quite  possible 
to  lay  down  plant  and  estimate  with  considerable 
accuracy  the  capacity  of  ever)-  machine  in  it  to  pro- 
duce the  components  required  :  the  only  thing  then 
remaining  to  be  done  is  to  select  the  operator  who  will 
run  that  machine  at  the  speed  and  feed  alreadv  decided. 
An  indi\idual  system  of  piece  -  work  would  not  be 
necessary,  nor  indeed  advisable,  as  what  is  needed  is  a 
balanced  number  of  parts  :  and  this  result  is  best 
attained  by  careful  calculation  of  the  number  of  pieces 
one  can  get  with  safetj^  from  any  given  machine.  This 
method  of  course  may  still  be  considered  a  method  of 
pajTnents  by  results,  but  the  great  difference  between 
this  and  the  system  of  individual  piece-work  is,  that 
although  payments  are  made  by  results  the  results 
are  predetermined  and  are  not  left  to  the  initiative  of 
the  individual. 

Mr.  W.  Wilson  :  It  seems  to  me  that  a  svstem  of 
management  is  like  a  building.  When  a  firm  begins 
work,  it  opens  a  small  shop,  which  is  subsequently 
added  to  as  necessities  arise,  addition  after  addition 
being  made  until,  in  the  course  of  years,  the  factor)-  has 
become  inconvenient  and  rambling,  and  generally 
inefficient.  In  such  a  case  the  best  policy  is  to  discard 
the  old  building  and  to  start  afresh  in  an  entirely  new 
edifice.  Our  factory-system  is  in  somewhat  the  same 
condition.  It  was  founded  many  years  ago,  and  has 
been '  added  to  and  modified  to  meet  changes  in  indus- 
trial conditions,  but  badly  needs  a  root-and-branch 
revision.  This  revision,  I  consider,  is  amply  provided 
by  the  system  described  by  the  author,  which  numbers 
among  its  many  excellent  features  the  fact  that  it  begins 
from  first  principles  and  builds  up  a  thoroughly 
satisf actor)-  edifice  upon  them.  Now  to  begin  with, 
the  basis  of  Scientific  Management  is  a  system  of  piece- 
work, and  I  should  have  been  glad  to  have  seen  a  little 
more  space  devoted  by  the  author  to  an  argument  in 
support  of  the  piece-work  principle,   especially  as  this 


system  is  practically  illegal  in  some  parts  of  the  world; 
It  so  happened  that  in  1904  I  was  working  on  the  same 
bench  as  a  very  prominent  trade-union  oflicial,  and  had 
an  opportunity  of  hearing  the  feelings  of  such  people 
upon  piece-work.  These  men  object  to  it,  conscien- 
tiously in  my  belief,  on  the  grounds  that  it  penalizes 
their  weaker  brethren,  and  I  think  some  countervailing 
argum.ent  is  necessary-  before  we  fly  in  the  face  of  such 
opinions.  Within  recent  years  I  ha\-e  had  considerable 
experience  of  both  day-work,  the  bonus  system,  and 
piece-work,  and  have  come  to  the  conclusion  that 
piece-work  is  thoroughly  justified,  principally  because 
it  gives  the  workpeople  a  direct  interest  in  their  work, 
and  so  converts  the  most  monotonous  operation  into 
one  which  is  capable  of  sustaining  their  interest.  Much 
of  the  work  done  in  our  factories  to-day  is  of  this 
monotonous  description,  consisting  as  it  does  of  the 
mass  production  of  large  numbers  of  similar  articles. 
Most  people  who  have  had  the  direction  of  such  work 
will  ha\-e  experienced  the  great  impro\-ement  effected 
when  the  operators  pass  from  day-work  to  piece-work, 
the  quantity  turned  out  increasing  some  times  as  much 
as  600  per  cent  through  the  increased  interest  that  the 
operators  take  in  what  they  are  doing.  On  the  other 
hand,  there  is  no  doubt  that  the  piece-work  system 
possesses  serious  defects,  and  my  support  is  the  more 
cordially  given  to  Scientific  Management  because  it  is 
capable  of  overcoming  these  deficiencies.  The  latter  are 
principally  derived  from  the  "  humanness  "  of  the 
rate-fixer,  who  is  apt  to  make  mistakes,  when  he  carries 
out  his  work  in  the  ordinary  manner.  The  rectifying 
of  these  mistakes  is  the  source  of  most  of  the  friction 
which  accompanies  the  piece-work  system  ;  and  through 
the  ability  to  fix  prices  by  first  principles,  w-ithout  the 
present  rule-of-thumb  methods  adopted  by  even  the 
most  capable  rate-fixer  of  the  old  order,  nearly  all 
the  imperfections  of  piece-work  are  done  away  with. 
Another  feature  of  Scientific  Management  is  the  division 
of  the  responsibility  of  a  shop  among  a  number  of 
officials  instead  of  its  being  entirely  under  one  head. 
This  is,  I  think,  another  great  improvement.  It  is  an 
exceptional  manager  who  is  able  to  keep  in  touch  with 
all  the  woik  that  is  being  carried  out  in  the  shop  under 
his  control ;  and  unless  he  is  in  touch  with  the  work, 
he  is  unable  to  criticize  the  products  effectively  and 
to  help  those  under  him.  He  is  therefore  at  a  disad- 
vantage in  superintending  his  men,  and  in  order  to  make 
his  authority  felt  there  is  a  strong  temptation  for  him 
to  avail  himself  of  the  frailest  pretexts  for  administering 
censure  and  so  to  degenerate  into  a  mere  bully.  I  fe?l 
ver)-  strongly  that  this  kind  of  thing  is  much  more 
responsible  for  industrial  unrest  than  any  other  factor, 
including  that  of  remuneration.  A  workman  who  is 
found  fault  with  in  this  manner  easily  recognizes  that 
his  superior  does  not  know  as  much  about  the  w-ork 
as  he  does  himself,  and  he  appreciates  that  he  is  being 
dealt  with  unjustly.  At  the  same  time  he  cannot 
"  get  his  own  back,"  as  a  manager  is  not  a  man  to  be 
argued  with,  and  a  strong  feeling  of  irritation  remains, 
and  remains  for  much  longer  than  is  generally  suspected. 
.\  series  of  such  petty  annoyances  may  occur  during  the 
course  of  a  few  weeks,  each  one  serving  to  accentuate 
the  discontent,  which  finds  vent  as  soon  as  a  tangible 
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question  offers  itself,  and  this  is  generally  the  question 
of  wages.     As  the  result  of  experience  in  seven  different 
factories  in  two  different  parts  of  the  world,  I  am  certain 
that   these   and   similar  pin-pricks   are  responsible  for 
nine-tenths  of  the  strikes  that  occur,  and  the  question 
of  money  is  unimportant  in  comparison.     The  system 
we  have  heard  described  will  go  far  towards  obviating 
this,   for  it  places  oxer  the  workpeople  men  who  are 
experts  in  their  particular  departments,   and  who  are 
able  to  help  those  under    them  bv  their  criticism  and 
even  by  their  censure.     The  stress  which  the  author 
places   upon  a  study   of  conditions  in   a  factor^'  also 
commends  itself  to  me.     It  is  astonishing  to  find  the 
ignorance  of  such  \ntal  questions  as  lighting  that  exists 
even  among  those  who  have  designed  some  of  our  most 
recent  factories,  and  the  question  of  efficient  lighting 
IS  an  all-important  one  from  the  point  of  view  of  accuracy 
of   work   and   the   well-being   of   the   workers.     I   was 
once  concerned  in  a  factorv  where  lacquering  was  carried 
out  on  a  large  scale,  both  by  day  and  by  night.     During 
the  daytime  the  light  was  derived  from  windows  which 
were  partly  camouflaged  with  blue  paint,  so  that  the 
pale  yellow  la.cquer  was  thrown  more  into  prominence 
by  the  light  blue  tinge  imparted  to  the  dajdight.     As 
soon  as  artificial  light  was  necessan,-,  it  was  provided 
by  ordinarj^  metal  filament  lamps,   furnishing  a  light 
approximating  to  the  colour  of  the  lacquer,  which  was 
in  consequence  nearlv  in\isible.     The  result  was  that 
much   of   the  work   done   during   the   darker   portions 
of  the  day  was  condemned  upon  inspection,   whereas 
the  damage  to  the  eyesight  of  the  workpeople  engaged 
must  have  been  considerable.     All  this  could  have  been 
obviated    at    ver^'   trilling    expense    as    a   result   of    a 
rudimentary  knowledge   of  electric  lamps   and   of  the 
principles     of     lighting.     Such     experience     could     be 
multiplied  almost  endlessly  and  points  to  the  conclusion 
that  the  a^'erage   efficiency  of  work  done  throughout 
the  workshops  in  this  countrj'  could  be  increased  by  a 
verj'   appreciable   amount   by   the   installation   of   this 
phase     of    Scientific    Management.     The     author    has 
asked  for  opinions  as  to  the  best  manner  for  introducing 
Scientific  Management.     It  seems  to  me  that  its  intro- 
duction into  a  factory,  preferably  employed  upon  quick 
repetition  work,  would   not  be  difficult   and   could  be 
effected   by  starting  with   the  rate-fixing  department. 
It  might  begin  in  a  small  way  and  spread  throughout 
the  factor)',  the  efficiency  of  which  would  increase  so 
much   that   it   would   be   a   strong   incentive   to   other 
firms,  wliich  were  in  a  position  to  be  familiar  with  the 
first  one,  to  adopt  it  also. 

Mr.  C.  Bell-'Walker  :  I  wish  to  refer  only  to  that 
aspect  of  the  question  bearing  upon  labour  unrest. 
I  am  of  the  opinion  that  the  cause  is  mainly  psycho- 
logical, and  increased  pay  and  efficiency  will  not  cure 
but  might  possibly  aggravate  it.  The  best  work  is 
rarely  performed  with  the  object  of  making  money, 
but  arises  from  a  pride  and  interest  in  it.  I  may 
instance,  as  an  example,  the  fact  that  a  large  proportion 
of  the  nation  endured  unparalleled  suffering  and 
privation  during  the  war  for  practically  no  paj'  and 
that  no  financial  inducement  would  have  so  stimulated 
them.  The  danger  of  the  Taylor  system  to  my  mind 
is  the  tendency  to  reduce  men  to  the  level  of  parts  of 


machines.  This  is  perhaps  not  inevitable  with  this 
.system,  but  I  fear  the  tendency.  I  am  also  of  the  opinion 
that  a  piece-work  system  of  payment,  although  at  the 
present  time  the  most  successful  and  practicable,  is 
not  the  system  that  should  be  aimed  at,  because  the 
workers'  and  employers'  material  interest  are  antag- 
onistic, the  former's  being  to  do  the  least  amount  of 
work  for  the  greatest  amount  of  money,  and  the  latter's 
to  give  the  least  money  for  the  greatest  amount  of 
work.  It  has  never  been  proved  that  high  wages  in 
themselves  are  a  cure  for  labour  unrest. 

Mr.  J.  A.  Hannay  :   I  hope  the  author  is  not  going  to 
make  the  mistake  of  holding  out  a  promi.se  of  a  speedy 
solution  of  the  capital  and  labour  problem  by  Scientific 
Management.     It  has  taken  very  many  years  for  the 
present  difficult  position  to  develop,  and  it  will  take  a 
great  many  years  to  solve  the  difficulty.     Both  capital 
and  labour  will  have  to  be  patient,  trust  each  other,  and 
work  together  to  bring  about  a  satisfactory  solution  ; 
and    Scientific    Management    will    undoubtedly    play    a 
verj-  great  part  in  that  solution.     Whilst  the  author 
has  covered  a  very  wide  field  he  has  omitted  to  mention 
a  very  important   and   essential   matter,    namely,   the 
educating  and  training  of  young  men  who  are  preparing 
to  enter  into  various  industries.     I  consider  our  edu- 
cational means   to   be  totally  inadequate,    and   before 
we   can   expect   to   get   really    Scientific   Management, 
I  think  that  a  great  manv  of  our  schools  and  training 
colleges    ^\^ll    have    to    be    overhauled    and    re-staffed. 
In  my  opinion  it  is  a  scandal  that  the  teaching  profession 
is    not   better   supported    and   the    very   best   possible 
teachers   selected    to   train    young  men  who  in   a  few 
years   will    be   entering   on    their   business    careers.     I 
entirely    agree   with    Dr.    Taylor   and    think   that    the 
differential  piece-rate  system  should  be  more  generally 
adopted.     Looking    into    the    future    I    consider    that 
Scientific  Management  in  the  engineering  industry'  will 
involve   more  and   more  attention   being  paid  to  tool 
room,  jig  and  tool  design,  and  equipment,   and   I  am 
quite  sure  there  should  not  be  the  slightest  cause  for 
anxiety   on   the   part   of   the   workmen   in    developing 
improvements  to  the  greatest  possible  extent.     This  is 
where  we  shall  eventually  find   nearly  all   our  skilled 
men.     The  want  of  an  adequate  supply  of  skilled  men 
is   preventing   our   tool   rooms   from   being   thoroughly 
developed,  and  results  in  the  loss  of  a  very  large  amount 
of   production.     I    wish    to    emphasize    the    fact    that, 
if  capital  and  labour  can  only  agree  and  concentrate 
more  and  more  on  tool  equipment,  this  will  automatically 
solve  innumerable  problems.     Some  people  beheve  that 
labour     objects     to     repetition     work     because     it     is 
uninteresting,   but   I   do   not   think   there   is   anything 
to  fear  from  this  provided  the  worker  is  adequately 
recompensed    and    is    able    to    work    under    healthy 
conditions.     Dr.   Taylor   said   that  operators   must   be 
trained  and  that  if  they  did  not  prove  suitable  others 
must  be  trained  in  their  places.     This  is,  however,   a 
verj^  difficult  matter  to  carry  out  in  a  works  aheady 
established,  and  I  should  like  to  hear  what  the  author 
has  to  say  about  holding  up  production  and  putting  the 
factory    out    of    balance    while    fresh    labour    is    being 
trained.     To  me  it  appears  that  there  is  only  one  way, 
namely,  to  make  the .  operations  as  simple  as  possible 
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and  to  provide  adequate  tools.  I  agree  with  Dr.  Taylor 
that  in  large  works  the  position  of  works  manager  is 
not  as  necessary  as  it  used  to  be.  WTiat  is  required 
is  a  number  of  departmental  experts  as  outlined  by 
Dr.  Taylor.  The  extent  to  which  Scientific  Manage- 
ment can  be  adopted  depends  entirely  upon  whether 
the  financial  side  will  give  the  necessary  assistance, 
and,  unfortunately,  in  many  instances  such  assistance 
has  not  been  forthcoming. 

Mr.  H.  Soper  :  The  author  suggests  that  industrial 
research  organization  should  be  set  up  on  national 
lines,  and  that  the  national  council  should  appoint 
territorial  district  councils  and  so  on  down  to  the 
individual  works ;  in  other  words  that  the  conversion 
should  be  from  above  downwards.  Practice  has  proved 
that  in  individual  works  the  installation  of  Scientific 
Management  is  best  carried  out  by  starting  with  a 
small  section  and  using  that  section  as  an  object  lesson 
to  convert  other  sections,  untU  the  whole  has  been 
converted.  In  view  of  the  distrust  with  which 
Scientific  Management  is  at  present  viewed  by  unin- 
formed persons,  both  employers  and  employed,  I  suggest 
that  if  the  Government  is  to  take  up  the  work  it  should 
commence  with  a  number  of  model  factories  at  which 
both  employers  and  trade-union  representatives  could 
famiharize  themselves  with  the  subject.  I  am  of  opinion 
that  any  rate  fixed  should  be  considered  to  be  binding 
unless  the  operation  itself  is  changed  or  there  is  a  general 
reduction  in  the  cost  of  living.  It  is  the  cutting  of 
rates  which  has  rendered  the  introduction  of  Scientific 
Management  into  this  country  so  extremely  difficult. 
The  "  Ford  "  method  of  wage  payment  is  to  create  a 
flat  day-rate  so  much  above  the  average  paid  in  the 
district  that  it  is  not  necessary  to  pay  an  individual 
bonus  in  the  works  in  order  to  get  increased  output ; 
but  this  can  only  be  done  by  individual  firms  and  under 
exceptional  circumstances,  as  if  other  firms  followed 
along  similar  lines  the  incentive  would  disappear  owing 
to  the  rise  in  the  district  rate. 

>  Mr.  A.  Krause :  In  my  judgment  opposition  to 
Scientific  Management  comes  less  from  workmen  than 
from  their  intellectual  superiors.  The  workman's 
objections  are  two-fold,  the  first  reason  being  that  he 
is  unscientific — for  which  his  poor  education  is 
responsible — and  the  second  is  his  fear  that  higher 
efficiency  will  lead  to  his  unemployment.  I  believe 
that  if  he  has  a  guarantee  against  this  eventuality 
he  will  accept  Scientific  Management.  The  opposition 
from  the  managerial  and  proprietor  class  is  principally 
due  to  unscientific  training  and,  in  some  cases,  to  a 
wish  to  leave  well  alone.  Some  people  object,  on 
grounds  of  its  imperfectness,  to  the  system  proposed 
by  Dr.  Taylor,  but  I  suggest  it  is  really  unscientific  to 
expect  a  cut-and-dried  system  to  apply  to  all  cases. 
One  may  as  well  decide  never  to  quote  a  fixed  price 
for  work  because  costs  and  estimates  are  imperfect. 
To  obtain  data  from  experience  can  do  nothing  but 
good,  however  sparingly  they  may  be  used  in  its  early 
stages.  One  might  almost  liken  Dr.  Taylor's  inno- 
vation to  research  applied  to  industrial  matters.  What 
we  owe  to  research  is  only  just  being  realized.  If  one 
postulates  a  saving  of  25  per  cent  of  human  effort  in 
producing  the  world's  present  services  one  can  realize 
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that  it  is  equal  to  the  saving  of  efiort  or  increase  of 
productivity  resulting  from  many  years  of  invention. 

Mr.  N.  Martin  :  Lord  Kelvm  used  to  tell  his  students 
at  Glasgow  University  that  nothing  could  be  really 
known  of  any  subject  until  definite  quantitative 
standards  of  measurement  had  been  established,  and 
methods  of  measurement  got  into  use.  I  have  always 
regarded  the  researches  of  Taylor  as  an  attempt  to  set 
up  standards  of  measurement  for  that  most  elusive 
of  all  quantities — human  activity — and  I  regard  his 
work  as  the  opening  of  a  new  era.  in  industrial  history, 
when  instead  of  being  content  with  a  rough  quantitative 
idea  of  the  amount  of  human  activity,  based  on  financial 
results,  an  exact  quantitative  analysis  could  be  made 
beforehand  of  the  amount  of  activity  required  to  produce 
a  definite  result  by  standard  methods.  A  previous 
speaker  has  said  that  no  system  would  avail  if  the 
workers  were  not  interested  and  keen  on  their  work. 
From  what  I  have  seen  of  the  Black  Country  I  am  of 
opinion  that  a  very  large  proportion  of  the  workers 
are  employed  performing  operations  on  repetition  work, 
in  which  no  natural  human  being  could  be  permanently 
interested.  They,  like  most  of  us,  work  not  for  the 
intrinsic  interest  of  the  work,  but  to  earn  their  daily 
bread,  and  to  do  so  have  to  be  content  to  perform  a 
greater  or  less  amount  of  daily  driidgery.  But  it  is 
just  here  that  Dr.  Taylor's  work  holds  out  the  greatest 
hope  for  the  worker.  He  has  shown  the  method  of 
attack  that  promises  to  yield  the  greatest  result  from 
the  least  effort,  and  if  the  worker  is  not  robbed  of  his 
share.  Scientific  or  "  measured  "  Management,  based  as 
it  is  on  ascertained  fact,  seems  to  me  to  offer  to  the 
worker,  without  increasing  the  monotony  of  his  work, 
a  greater  reward  for  his  labour,  and  thus  assist  him  in 
some  measure  in  escaping  from  the  dreadful  monotony 
of  life  that  is  the  portion  of  so  many  workers. 

Mr.  W.  H.  Edwards  :  I  entirely  agree  with  a  previous 
speaker  who  remarked  that  Scientific  Management  has 
for  a  long  period  been  used  and  improved  upon  by 
firms  in  this  country.  There  are,  however,  hundreds 
of  factories  where  no  system  such  as  that  described  in 
the  paper  is  used,  while  in  some  instances  various 
systems  are  used,  even  in  the  same  factory  :  One  depart- 
ment will  be  up  to  date,  another  using  ancient  methods, 
and  various  intermediate  stages  in  the  several  depart- 
ments. This  chaos  is  due  to  our  conservatism.  When 
we  develop  improvements  in  methods  they  are  kept 
strictly  secret.  Instead,  we  should  consider  our 
industries  from  a  national  viewpoint  and  exchange 
ideas  more  frequently,  encourage  visits  to  various 
works,  freely  criticize  and  copy  to  our  mutual 
advantage.  One  point  omitted  from  the  paper  but 
referred  to  by  one  speaker  is  of  great  importance  to 
the  ultimate  success  of  any  scheme  of  industrial 
improvement,  viz.  the  education  of  the  skilled  man  for 
such  positions  as  manager,  supervisor,  foreman,  designer 
and  toolmaker.  What  can  be  offered  instead  of 
apprenticeship  ?  Many  boys  who  have  had  a  technical- 
school  training  find  it  difficult  to  get  into  our  large 
works  unless  they  are  satisfied  with  being  put  at 
a  repetition  machine  and  their  efforts  thus  stultified. 
Manufacturers  and  others  must  offer  facilities  to  such 
students,  or  the  initiative  so  necessary  to  keep  Britain 
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in  the  van  of  the  world's  engineering  industry  will 
surely  suffer  the  consequence  of  their  indifference  to 
the  demands  of  futurity.  Let  us  look  after  our  skilled 
men  and  the  unskilled  will  look  after  themselves.  The 
main  object  of  the  paper  appears  to  be  to  bring  all 
firms  into  line  by  nationalizing  Scientific  Management. 
Of  course  some  disadvantages  will  occur,  but  universal 
adoption  of  the  scheme  will  result  in  greatly  increased 
production,  if  the  workers  can  be  induced  to  co-operate. 
This  can  only  be  arranged  when  complete  confidence  is 
obtained  between  employer  and  employee.  Judging  by 
past  experience  the  worker  expects  piece-work  rates  to 
be  reduced  immediately  he  obtains  a  good  percentage 
above  a  living  wage  and  by  his  own  skill  and  energy 
penalizes  his  less  fortunate  fellow-worker.  I  maintain 
that  confidence  will  only  follow  a  definite  arrangement 
to  fix  a  price,  prove  it,  and  allow  no  alteration  on  either 
side,  unless  the  machine,  material  or  other  conditions 
are  improved  to  warrant  the  change.  I  have  often  seen 
operators  working  with  identical  machines  and  imder 
identical  conditions  where  A  can  earn  onlj^  the  minimum 
rate  while  B  will  earn  50  per  cent  over  the  minimum 
with  less  damage  to  tools  and  equal  accuracy.  Here  is 
evidence  that  the  skill  and  energy'  are  the  asset  of  the 
operator,  who  should  be  paid  for  all  possible  results  of 
effort  without  fear  of  reduction  in  piece-work  prices. 
The  Taylor  system  calls  for  the  most  suitable  man  for 
the  job,  but  the  line  of  demarcation  is  difficult  to  locate, 
as  health,  temperament  and  physical  development  and 
deformity  are  important  factors  which  without  tact 
and  judgment  may  be  carried  to  extremes.  I  will 
illustrate  this  point  by  recalling  an  article  in  the 
American  Macliinist  some  years  ago  when  Taylor's 
method  was  being  followed  strenuoush-  at  Bristol 
(Mass.).  In  two  factories  in  competition,  sev-eral 
small  parts  had  to  be  assembled  together  and  manager 
No.  I  realizing  the  advantage  of  using  both  hands  to 
pick  up  work  from  a  tray  on  each  side  of  the  operator 
to  assemble  on  a  piece  in  front,  conceived  the  idea  of 
advertising  for  dexter-handed  operators.  Manager  of 
Shop  No.  2,  improving  on  the  idea,  sought  to  cut  out 
the  waste  motion  of  the  head  movement  in  following 
the  action  of  the  left  hand,  then  right  hand,  to  finish 


in   front,  by   advertising  for  dexter-handed   cross-eyed 
operators.     The  moral  is  obvious. 

Mr.  'W.  H.  Heaton  :  The  author  has  certainly  made 
out  a  good  case  for  the  introduction  of  Scientific 
Management  into  the  works  of  this  country',  but  there 
appears  to  be  rather  an  important  omission  in  the 
paper.  In  the  first  place,  what  really  do  we  mean  by 
Scientific  Management  ?  It  may  not  be  expressible 
in  a  short  crisp  sentence,  it  may  be  open  to  several 
definitions,  but  it  has  one  aim.  The  aim  of  Scientific 
Management,  as  I  conceive  it,  is  to  establish  100  per 
cent  efficiency  in  every  worker  within  a  works.  Now, 
what  really  do  we  mean  bv  100  per  cent  efficiency  in 
a  worker,  and  by  what  means  do  we  attain  that  end  ? 
I  think,  first  and  foremost,  the  question  of  the  attitude 
of  the  worker  to  his  job  must  be  a  correct  one.  It 
seems  to  me  that  all  systems  of  organization  and 
supervision  are  valueless  if  the  work  is  not  mentally 
attractive  to  the  worker.  Accepting  this,  it  appears 
that  the  fundamental  and  root  idea  of  Scientific  Manage- 
ment is  based  on  the  soundness  of  judgment  exercised 
by  the  management  in  the  selection  of  men  for  the 
work  they  have  to  perform.  Discontent  must  be 
eliminated  in  all  forms  from  the  lowest  to  the  highest 
worker  in  an  organization,  and  this  is  of  paramount 
importance.  To  my  mind.  Scientific  Management 
which  makes  for  greater  efficiency  does  not  rest  merely 
with  shorter  hours  and  higher  wages.  I  should  like  to 
have  heard  something  in  regard  to  preserving  the 
standard  of  quality  of  the  product  manufactured. 
Merely  to  increase  the  output,  which  might  in  certain 
cases  mean  a  corresponding  sacrifice  in  quality,  is, 
I  feel  sure,  not  intended,  and  therefore  whilst  shorter 
hours  and  higher  wages  are  the  results  to  be  achieved, 
we  are  bound  to  make  the  corresponding  efforts  to 
preserve  and  maintain,  and,  in  some  cases,  improve  the 
standard  of  excellence  of  the  articles  we  are  engaged 
in  manufacturing.  I  should  like  to  say  in  conclusion 
that  the  paper  contains  suggestions  which  are  really 
welcomed  by  those  engaged  in  the  management  and 
control  of  factories. 

[The  author's  reply  will  be  found  on  page  366.] 


North-Eastern  Centre,  at  Newcastle,  12  January,  1920. 


Mr.  A.  D.  C.  Parsons  :  This  paper  has  been  produced 
at  a  very  opportune  moment.  We  in  this  country  are 
confronted  with  conditions  so  totally  different  from 
those  which  we  were  accustomed  to  in  pre-war  days, 
that  we  are  now  compelled  to  reconsider  our  methods 
and  organizations  with  a  view  to  seeing  what  modifi- 
cations may  be  necessar}-  to  meet  these  new  conditions. 
Dr.  Taylor's  system  of  Scientific  Management  has 
undoubtedly  received  more  attention  in  America  than 
in  this  country.  Perhaps  this  is  only  natural,  since 
the  cost  of  labour  there  has  always  been  high  compared 
with  other  countries,  with  the  result  that  the  demand 
ior  labour-saving  devices  has  been  encouraged,  thus 
causing  a  ready  market  for  standardized  machinery. 
Furthermore,  they  have  a  very  large  home  market  in 
which  the  manufacturer  can  dispose  of  his  goods.     Stand- 


ard manufactures  naturally  call  for  specialized  organ- 
ization, and  with  the  exception  of  a  certain  number  of 
firms  who  have  had  business  connections  with  American 
manufacturers,  we,  as  a  country,  have  not  gone  nearly 
so  fully  into  the  matter  as  America.  Here  on  the 
North-East  Coast  we  have  up  to  the  present,  with  the 
exception  of  the  war  period,  not  been  accustomed  to 
a  great  deal  of  repetition  work,  which  makes  the  adoption 
of  a  highly  specialized  organization  a  matter  of  very 
considerable  difficulty ;  but  I  am  very  interested  in 
what  the  author  has  said  in  regard  to  shop  and  office 
organization  on  page  337,  as  this  very  closely  resembles 
the  methods  adopted  by  the  firm  with  which  I  am 
associated.  He  has  rightly  pointed  out  that  in  starting 
such  a  system  there  is  the  danger  that,  when  evolved 
and    put   to   work,  it   may   degenerate   into   a   system 
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■where  the  smooth  running  is  absolutely  ruined  by  the 
movements  being  clogged  with"  paper.  If  this  happens, 
both  the  shop  and  office  lose  faith  in  the  method  and 
ignore  it.  Build  up  the  system  gradually,  get  the 
people  who  are  working  it  enthusiastic  and  let  them 
realize  that  it  is  they  who  are  running  it ;  then  we 
shall  find  that  production  is  assisted.  I  should  like 
to  describe  in  some  detail  the  system  we  are  using. 
When  an  order  is  obtained  for  delivery  by  a  certain 
date,  the  time  betw^een  the  date  of  order  and  date  of 
delivery  is  apportioned  out  to  the  various  manufacturing 
operations  such  as  obtaining  the  raw  materials,  making 
patterns,  etc.,  for  all  principal  parts  comprised  in  the 


taken  for  the  various  operations  are  actual  instead  of 
estimates.  By  using  such  a  graphical  method  it  can 
be  readily  seen  whether  any  part  of  the  machine  is 
backward  and  liable  to  cause  delay  in  the  completion 
of  the  whole.  Furthermore,  it  shows  clearly  whether 
the  drawings,  patterns,  material,  etc.,  have  been  de- 
livered up  to  time.  In  actual  practice  the  diagrams 
used  contain  considerably  more  items  than  those  here 
shown,  but  this  is  sufficient  to  illustrate  the  method 
adopted.  Although  only  the  main  parts  are  shown 
on  such  a  diagram,  careful  track  is  kept  of  all  other 
details  by  means  of  detailed  progress  sheets  and  detailed 
specifications  embodying  all  manufacturing  information. 
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machine.  The  method  of  doing  this  will  be  seen  in 
Fig.  A  herewith.  The  upper  half  of  this  diagram  is 
the  result  of  so  apportioning  out  the  time  for  each  main 
item  ;  the  drawing-office  time,  pattern-making,  time 
taken  to  get  raw  material,  and  time  for  manufacturing 
are  all  depicted  by  differently  graded  lines.  All  the 
drawing-office  work  is  shown  by  thick  black  lines, 
whereas  the  manufacturing  is  shown  by  dashes.  In 
practice,  colours  are  used  to  distinguish  between  the 
different  operations.  The  top  half  of  the  diagram  is 
therefore  an  estimate  of  the  time  taken  to  manufacture 
the  plant  in  question.  As  the  manufacture  proceeds 
the  top  half  diagram  is  connected  to  the  bottom  half 
by  similarly  graded  lines,  and  a  similar  diagram  is 
produced   in   the   bottom   half,   except   that   the   times 


With  the  diagram  referred  to  above,  specffication  sheets, 
and  progress  sheets,  the  production  department  has 
full  information  on  the  condition  of  all  parts  comprising 
the  turbine,  but  in  addition  to  this  it  is  necessary  that 
the  progress  of  work  should  be  kept  careful  track  of 
throughout  the  factory.  This  is  done  by  the  detailed 
specffication  sheets,  and  also  weekly  work  cards  on 
which  are  marked  ever}-  complete  operation  due  out 
in  any  one  week.  By  this  means  it  is  easy  for  anyone 
to  see,  after  a  short  inspection  of  'such  cards,  what  the 
condition  of  any  department  is.  The  aims  of  such  a 
system  are  as  follows  : — (i)  To  prevent  delays.  (2)  To 
control  the  supply  of  materials  so  that  they  are  received 
when  required,  not  too  early  or  too  late.  (3)  To  prevent 
any  part  of  the  work  getting  too  far  advanced,  so  as 
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to  minimize  as  much  as  possible  the  capital  locked 
up.  (4)  To  bring  forward  each  part  of  the  machine 
so  that  it  is  ready  for  assembling  when  required  :  this 
is  very  important.  Men  work  better,  and  work  goes 
through  more  quickly,  and  therefore  costs  less,  if 
parts  come  through  when  required.  Turning  again  to 
the  paper,  the  author  on  page  330  says,  "  All  the  devices 
used  in  office  and  shop  as  means  of  efficient  production 
they  consider  in  the  same  light  as  mechanisms,  i.e.  of 
secondary  and  not  primary  importance."  Personally  I 
consider  such  devices  as  I  have  described  to  be  of 
primary  and  not  secondary  importance  ;  they  are 
absolutely  vital  and  form  the  very  foundation  of  any 
production  system.  Then  again,  on  page  331,  the 
author  refers  to  the  Government  report  dealing  with 
"  A  study  of  improved  methods  in  an  iron  foundry." 
Can  he  form  any  idea  as  to  how  much  of  this  wonderful 
increase  in  production  is  due  to  arranging  the  supply 
of  materials  so  that  they  are  on  hand  when  the  workers 
require  them  ?  In  regard  to  payment,  there  seems  to 
be  only  one  satisfactory  method,  namely  payment  by 
results,  and  it  is  hoped  that  the  time  is  not  far  distant 
when  such  a  system  will  be  universal.  If,  by  using 
the  methods  laid  down  in  the  paper,  production  can 
be  increased  and  at  the  same  time,  as  the  author  suggests, 
a  solution  of  the  capital  and  labour  problem  can  be  found, 
and  if  this  can  be  done  before  it  is  too  late,  then  un- 
doubtedly this  country  will  realize  a  state  of  prosperity 
which  has  never  yet  been  equalled. 

Mr.  T.  Carter :  The  paper  raises  many  questions, 
any  one  of  which  could  profitably  have  a  whole  evening 
devoted  to  it.  One  of  these,  for  example,  is  how  far 
inspection  should  actually  go,  whether  one  should  make 
a  point  of  inspecting  every  single  thing  that  comes 
into,  or  is  manufactured  in,  a  works,  or  should  inspection 
go  only  so  far  as  from  time  to  time  seems  necessary 
and  be  extended  when  difficulties  occur  ?  Another 
such  subject  of  inquiry  would  perhaps  be  the  details 
of  the  application  of  the  system  to  technical  work  in 
the  office,  which  is  not  very  fully  dealt  with  in  the 
paper.  One  thing  must  be  clearly  imderstood,  viz. 
that  employers  have  at  least  as  much  to  learn  as  their 
workpeople  have,  and  I  can  quite  imagine  that  some 
employers  are  extraordinarily  ignorant  of  even  the  first 
principles  of  management.  The  system  is  not  merely 
common  sense,  but  is  rather  the  application  of  hard 
thinking  by  experts,  with  experience  and  real  common 
sense  behind  it,  on  a  definite  plan  and  for  a  definite 
end,  which  is  a  very  much  more  precise  thing  than 
merely  the  casual  tackling  of  the  problem,  even  by 
the  best  common  sense,  in  an  untrained  way.  Each  of 
us  has  his  own  characteristics,  and  I  believe  that  each 
of  us  can  find  out  for  ourselves,  by  experiment,  what 
they  are,  better  than  anyone  else  can  tell  us.  It  is, 
however,  ftecessary  that  there  should  be  some  pre- 
liminary guidance,  and  that  is  where  the  expert  comes 
in.  These  experts,  however,  must  be  of  the  proper 
sort,  and  the  author  very  rightly  points  out  that 
engineers  ought  not  to  be  expected  to  be  experts  on 
physiological  or  psychological  problems.  One  of  the 
wrong  sort  of  experts  has,  I  am  afraid,  been  the  welfare 
superintendent.  The  help  of  both  employers  and  work- 
men is  very  necessary  in   the   problems  that  have  to 


be   faced,  and   simple   suggestions   made   by  employees 
may  have   extremely   important   results.     I   have   two 
suggestions  to  make.     The  first  is  that  problems  and 
their  suggested  solutions  should  be  explained  rather  to 
individuals  than  to  masses  of  men,   as  I  cannot  help 
thinking  that  if  one  could  produce  a  strong  impression 
on  a  few  minds  it  would  be  very  much  more  important 
for  the  subsequent  development  of  the  subject  than  to 
produce  a  weak  impression  on  a  larger  number  of  minds, 
with    the    same    total    effort.     Conversation    with    in- 
dividuals in  a  friendly  way  at  home,  and  quite  away 
from  the  surroundings  of  works  or  public  places,  would 
have    e.xtraordinarily    good    effects,    and    the    mental 
attitude  thus  induced  would  act  as  a  leaven  through- 
out the  whole  lump  in  a  quiet  but  remarkably  effective 
way.    One  of  the  chief  difficulties  is  that  so  many  people 
do  not  understand  the  problems  that  are  being  raised 
and  think  them  very  difficult,  or  wrong,  or  even  harmful, 
merely  because  they  do  not  know.     The  second   sug- 
gestion I  have  to  make  is  that  the  staff,  who  are  a  body 
intermediate  between  employers  and  manual  workers, 
could  probably  be  used  in  many  at  present  unrealized 
ways  to  elucidate  such  problems.     They  have,  unfortu- 
nately, been  left  out  of  the  scheme  of  Whitley  Councils,, 
and  have  at  the  moment  no  very  particularly  recognized 
position  in  the  scheme  of  industrial  affairs  as  a  whole, 
but  the  very  fact  that  they  are,  by  their  position,  able 
to  see  both  sides — very  often  in  a  way  which  is  not 
possible  either  to   employers  or  to  manual  workers — 
makes  them  peculiarly  fitted  to  bring  to  one  side  the- 
views  of  the  other  in  an  intelligent  way.     Such  points 
as  those  of  a  capital  levy,  or  of  finance  generally,  or  of 
the  conditions  of  living  of  the  working  classes,  or  facts 
about  capital,  could  often  be  easily  explained  to  those 
who  have  not  hitherto  been  in  a  position  to  understand 
them   by  even  the  less   highly  instructed  inembers  of 
the  staff.     The  hazy  notions  about  capital  could  fre- 
quently be  cleared  up  and  people  could  be  taught,  for- 
example,    that   capital   is   not   necessarily   money,    but 
that  such  a  thing  as  co-operation  may  be  capital.     The 
author   mentions   that   the   majority  of   people   do   not 
yet  understand  the  significance  of  the  phrase  "  survival 
of  the  fittest."     Young  men  think  that  the  fittest  are 
those  whom  they  recognize  as  morally  the  best.     That,, 
however,  is  not  the  case,  and  the  best  man,  who,  rmder 
the  author's  scheme,  is  to  be  compensated  more  than  the- 
average    man    for    his    work,    may    actually    be — from 
the  point  of  view  of  society — the  greatest  villain.     This 
is  part  of  the  anomaly  of  the  stage  of  evolution  at  which 
we  have  at  present  arrived,  and  it  is  for  us  who  see 
something  better  to  step  in  where  we  can  and  improve- 
matters,    so   that   eventually   we   may  arrive   at   some 
great   scheme   of   co-operation   under  which   the   word 
"  fittest  "  shall  be  synonymous  with  the  word  "  best." 
Mr.  A.   McL.   Ranft  :     It   seems   to   me  that   the- 
word  "  scientific  "  .is  superfluous,   and  that  "  manage- 
ment "  is  comprehensive  enough.     There  can,  of  course, 
be    good    management    and     bad     management.     We 
Britishers  have  always  been  prone  to  cry  out  that  we- 
were  not  so  up-to-date  as  other  nations,  but  this  system 
of  fixing  rates  for  engineering  work  by  means  of  splitting 
a  job  mto  elements  was  not  unknown  on  Tyneside  as. 
far  back  as  1889.    'It  may  have  been  known  under  a. 
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■different  name,  but  the  essential  points  were  there. 
In  m],'  opinion,  the  author's  explanation  of  opposition 
in  America  to  his  so-called  "  Scientific  Management  " 
appears  to  be  more  complex  than  political.  Is  the 
explanation  not  due  to  the  members  of  the  trade  unions 
and  their  leaders  thinking  that  the  methods  proposed 
bj'  Dr.  Taylor  would  have  the  tendency  to  make  them 
mere  automatons  ?  It  cannot  be  denied  that  this 
splitting  up  of  work  into  detaOs  must  of  necessity  control, 
or  try  to  control,  every  movement  of  the  worker  during 
the  whole  of  the  working  day.  On  pages  332  and  333 
the  author  gives  percentages  of  time  which,  upon  close 
examination,  I  find  from  experience  do  not  agree  with 
many  examples  of  work  done  in  a  large  machine  shop  ; 
it  would  be  of  great  interest  to  have  full  details  of  the 
actual  job  on  which  the  handling  of  the  tools  represented 
75  per  cent  of  the  total  time  occupied  on  the  job  itself. 
Motion  and  time  study  are  in  themseh-es  very  interesting, 
but  the  human  element  is  variable,  so  that  to  standardize 
detail  times  for  work  from  data  thus  obtained  requires 
very  careful  handling.  The  author  deals  with  this  matter 
from  a  very  decided  point  of  view,  and,  personally, 
I  cannot  agree  with  his  conclusions.  I  consider  that 
we  should  endeavour  to  train  apprentices  on  the  right 
lines,  demonstrating  to  them  the  correct  way  to  obtain 
the  best  results,  as  it  is  known  in  all  walks  of  life  that 
to  take  an  adult  and  endeavour  to  change  liis  habits 
is  somewhat  difficult,  whereas  apprentices  are  in  their 
plastic  age  and  the  cultivation  of  the  highest  thought 
•on  the  qualities  of  craftsmanship  would,  in  my  opinion, 
bring  about  during  the  next  few  j^ears  a  great  change 
in  the  attitude  of  the  workers.  On  page  335  under 
"  Payment-by-Result  "  the  author  tells  us  a  great 
deal  of  what  should  be  done;  it  will  be  of  interest  to 
mention  that  such  methods  have  been  in  vogue  for  a 
considerable  time  in  engineering  works  on  Tyneside. 
The  author  says  that  where  a  price  is  agreed  upon  between 
the  Rate  Fixing  Department  and  the  men  and  a 
disagreement  afterwards  occurs,  it  can  be  easily  rectified. 
He  must  have  a  very  persuasive  way  when  dealing  with 
these  matters,  as  those  of  us  who  have  had  these  difficul- 
ties to  get  over,  have  long  ago  come  to  the  conclusion 
that  easy  is  not  the  correct  word  to  use.  In  conclusion 
I  can  only  say  that  the  best  results  for  both  employer 
and  employee  will  be  obtained  by  co-ordination  and 
co-operation. 

Mr.  B.  Bedworth  :  It  is  nearly  20  years  since  Dr. 
Taylor  introduced  his  so-called  Scientific  Management, 
and  we  must  not  lose  sight  of  the  fact  that  a  great 
change  has  taken  place  in  the  relation  between  capital 
and  labour  during  that  time.  For  any  system  to  be 
successful  it  must  first  receive  the  support  of  labour, 
and  if  labour  is  to  approve  of  it,  it  must  be  able  to  show 
that,  by  the  system,  labour  will  gain  not  only  financially 
but  mentally  and  physically.  Does  this  sj'stem  fulfil 
these  conditions  ?  I  think  not.  First,  how  will  it 
benefit  the  worker  financially  ?  We  have  a  system 
(on  paper)  by  which,  if  correct,  it  is  possible  to  determine 
beforehand  the  absolute  capacity  or  output  of  both 
man  and  machine.  If  this  is  true,  how  much  are  we 
going  to  give  away  to  labour  ?  Second,  how  will  it 
benefit  the  worker  mentally  ?  This  system  robs  him 
of   his    individuality ;     everj-thing    is    already    thought 


out  for  him  right  down  to  the  smallest  fraction.  It  is 
a  new  idea  to  me,  if  by  retarding  a  person's  thought 
we  can  increase  his  mentality.  Third,  how  will  he 
benefit  physically,  in  so  much  as  it  is  necessarj'  for 
him  to  perform  a  certain  operation  in  a  given  time  ? 
My  own  idea  of  the  right  kind  of  Scientific  Management 
is  simply  applied  common  sense,  of  which  Mr.  Parsons 
has  given  a  good  illustration.  What  good  ^vill  it  do 
to  have  an  elaborate  system  of  feed  and  speed  if  we 
have  not  the  material  to  feed  our  machines  ?  \Miat 
benefit  is  it  to  know  just  how  much  our  assemblers 
can  do,  if  we  do  not  supply  them  with  the  parts  to 
assemble  ?  In  conclusion,  I  would  say  apply  common 
sense,  feed  the  machines,  cut  out  unnecessarj'  waste 
and  delay,  and  study  the  interests  of  the  workers  as 
well  as  one's  own. 

Mr.  E.  E.  Grover   {communicated)  :    The  author  on 
page  332  mentions  that  the  foundation  of  the  system 
is  a  study  of  motion  and  time  which  assists  in  eliminating, 
as  far  as  possible,  waste  of  time  and  energ\-  and  enables 
piece  rates  to  be  fixed.     It  would  have  been  interesting 
to  hear  some  detaUs  of  the  methods  of  measuring  the 
time  and  motion,   and  also  some  practical  experience 
obtained  in  the  study  of  the  fatigue  or  rest  factor.     I 
believe  it  is  generally  admitted  that  up  to  a  certain 
limit,   and  with  a  given  number  of  men,   the  output 
of  a  shop  can  be  increased  by  a  reduction  in  the  hours 
of  work.     The  term  "  speeding  up  "  I  take  to  mean, 
not  urging  the  worker  to  a  greater  physical  effort,  but 
seeing  that  the  machinery  is  run  at  the  most  efficient 
j    speed,  that  the  cutting  speeds  of  the  tools  are  correct, 
that  unnecessary  labour  and  movements  are  done  away 
with,  and  that  all  unnecessary-  waiting  for  tools,  cranes, 
etc.,  is  eliminated.     It  therefore  seems  that  the  shorter 
working    hours    and    "  speeding    up  "    are    essentials 
of    Scientific    Management.     There    is    another    factor 
which  is  very  important  and  is  largely  responsible  for 
the  difiiculty  experienced  by  the  trade  unions  and  the 
workers    in   agreeing   about   the    benefits   of   Scientific 
Management.     It  is  not  possible  to  ignore  the  existence 
of   the  human   factor  and    to    regard   the  workers    as 
machines.     This  human  factor  and  the  mental  attitude 
in  a  shop  have  a  very  strong  influence  and  give  rise 
to   the   following  objections   among  the   workers  :     (i) 
Scientific  Management  may  temporarih-  displace  labour  ; 
(2)  The  workman  lives  from  week  to  week  and  has  no 
security  of  job.     This  may  prevent  a  man  doing  his 
best  even  when  piece  rates  are  fixed  ;     (3)  The  trade 
unions  and  the  workers  both  dislike  competition  be- 
tiveen   man   and   man   in   the  same  shop.     This  is  an 
obstacle  at  once  to  the  time  and  motion  study  and  to 
fixing   piece   rates.     The   only   solution    I   have   heard 
suggested   for   these   objections    is   one   known   as   the 
Priestman  scheme,   where  the  underhong  idea  is  that 
of  team  work  in  place  of  the  ordinars-  individual  com- 
petition.    That  is  to  say,  the  system  is  one  of  payment 
by  results  on  the  basis  of  the  whole  output  of  the  shop. 
Ha\'ing  fixed  a  certain  output  as  the  standard,  if  the 
actual  output  is  then  increased  by,  say,  20  per  cent  in 
that  particular  shop,  the  wages  throughout  that  shop 
are  increased  by  20   per   cent,  i.e.  the  day-rate  wage 
can  be  increased  by  a  percentage  equivalent  to  that 
by   which   the   average   output   exceeds   the   standard. 
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It  is  suggested  that  evetybody  in  the  shop  is  then 
interested  in  obtaining  a  good  output.  It  seems  that 
some  systena  hke  this  which  provides  a  sort  of  team 
work  on  tlie  principle  of  all  in  the  shop  doing  the  best 
for  the  shop,  would  produce  more  interest  and  more 
contentment  among  the  workers,  and  would  greatly 
assist  in  the  carrying  out  of  proper  Scientific  Manage- 
ment. 

Captain  J.  M.  Scott-Maxwell  (in  reply,  com- 
municated) :  Scientific  Management  is  not  a  cut-and- 
dried  paper  system,  with  clearly  defined  rules  and 
regulations  applicable  alike  to  all  kinds  of  factories. 
If  properly  applied,  it  is  most  unlikely  to  be  the  same 
in  any  two  single  workshops.  The  details  must  vary 
with  and  be  adapted  to  the  local  conditions.  A  large 
number  of  reliable  books  on  Scientific  Management  are 
now  published,  and  every  week  the  technical  Press, 
both  British  and  American,  has  many  valuable  articles 
describing  its  actual  application.  The  criticism  of 
this  paper  may  be  divided  into  the  following  broad 
headings  : — 

(i)  Criticism  of  the  method  of  dealing  with  the 
subject,  including  objections  to  both  the  main 
and  sub-titles  ;  also  criticism  of  such  digres- 
sions as  "  common  sense,"  "  survival  of  the 
fittest."  These  are  all  of  secondary  importance 
and  I  only  place  them  first  in  order,  as  it  seems 
more  convenient  to  get  rid  of  them. 

(2)  Criticism  of  Scientific  Management  in  its  relation 

to  the  handling  of  labour  and  alternative 
suggestions,  such  as  collective  profit  sharing. 
This  part  of  the  siibject  is  the  main  object 
of  my  paper,  and  is  of  the  iitmost  industrial 
and  political  significance. 

(3)  Criticism  not  directly  concerned  with  the  labour 

question  but  dealing  with  such  specific  facts 
as  costing,  quality,  mass  production,  question 
of  tolerances,  supply  of  material.  These  are 
all  important,  but  of  secondary  value  to  the 
preceding  paragraph,  from  the  point  of  view 
of  this  paper. 

(4)  Criticism   of  the  opinions   expressed  on  country 

factories,  labour  as  a  commodity,  and  the 
question  of  American  versus  British  methods. 
Such  digressions  are  of  importance  from  their 
general  and  wider  interest. 

(5)  Criticism  of  the  scheme  of  national  committees 

and  some  alternative  suggestions. 

(6)  Suggestions  regarding  education. 

Criticism    of    the   I\Iethod    of    Dealing    with    the 
Subject. 

I  agree  most  readily  with  Mr.  Stavenhagen  when 
he  says — "  It  -will  be  found  that  everything  finally  has 
some  definite  relation  with  the  political  side  of  life." 
Pohtics  and  industry  are  now  so  inextricably  interwoven 
that  it  is  hardly  possible  to  disentangle  and  thus  deal 
separately  with  political  and  industrial  problems. 
They  must  now  be  considered  as  different  aspects  of 
the  same  national  and  international  problem.  It  is 
because   so    many   industrialists    and    engineers    refuse 


to  recognize  this  situation,  or  if  recognizing  it,  refuse 
to  co-operate  because  they  so  distrust  the  politicians, 
that  the  politicians  are  left  to  themselves  to  legislate 
on  matters  of  which  they  have  usually  no  first-hand 
experience.  The  intention  of  the  paper  was  not  to 
indicate  how  Scientific  Management  can  be  appUed 
in  individual  factories,  hence  I  have  not  dealt  with 
details.  I  am  not  interested  in  urging  its  general 
adoption  so  that  more  profits  may  be  made.  That 
to  me  is  incidental  to  the  most  vital  of  all  its  possibilities, 
namely  its  political  significance  as  a  system  for  raising 
the  status  of  labour  by  means  of  more  efficient  pro- 
duction in  such  a  manner  as  will  give  more  leisure,  more 
money  and  higher  education  to  the  workers.  I  have 
therefore  only  described  the  fundamental  principles 
of  Scientific  Management  in  its  treatment  of  labour, 
because  this  still  forms  the  storm  centre  of  all  discussion. 
The  sub-title  is  intended  as  an  indication  of  this.  The- 
intention  was  to  treat  it  in  such  a  manner  as  would 
arouse  the  maximum  of  discussion.  In  this,  it  would 
appear,  the  paper  has  been  a  success.  It  has  been 
printed  in  practically  all  the  engineering  and  management 
journals,  and  notice  given  to  it  in  many  local  news- 
papers. Most  editorials  have  been  favourable  and 
encouraging,  and  a  few  even  enthusiastic.  The  paper 
has  been  discussed  in  the  five  largest  engineering  centres 
in  the  kingdom.  The  meetings  have  all  been  large^ 
and  although  the  printed  discussion  is  lengthy,  many 
would-be  speakers  never  had  a  chance  to  speak  at  all, 
although  everything  was  done  to  give  the  maximum 
opportunity.  The  evidence  therefore  seems  fairly 
conclusive  that  there  is  a  genuine  and  widespread 
interest  in  this  subject,  especially  amongst  the  younger 
engineers,  and  that  such  interest  is  in  great  contrast 
to  the  complete  lack  of  interest  in  pre-war  days.  Those 
in  agreement  with  me  do  not  require  to  be  answered, 
but  I  wish  to  acknowledge  the  many  kind  and  encourag- 
ing opinions  freely  given  by  so  many  speakers,  but 
according  to  custom  not  printed  in  the  Joimial.  I 
am  a  manufacturer  and  have  no  professional  interest 
in  pushing  this  subject.  It  is  propaganda  work,  done 
out  of  normal  working  hours,  in  the  hope  of  arousing 
more  interest  in  the  subject  of  management,  not  only 
in  the  interests  of  the  engineering,  and  especially  the 
electrical  engineering  industry,  but  also  I  hope  in  the 
national  interest.  There  is  Uttle  question  of  our  great 
material  resources  and  of  the  unique  position  we  now 
hold  in  the  world,  but  position,  power  and  prestige  are 
not  enough  in  themselves  and  will  not  guarantee 
continued  success,  without  in  addition  that  progressive 
development  due  to  the  continual  application  of  new 
ideas.  Those  in  agreement  with  me  have  read  my 
paper  with  care  and  attention.  Those  in  strong  dis- 
agreement do  not  seem  to  understand  the  subject  of 
Scientific  Management  and  consequently  ignore  almost 
everything  I  say.  I  admit  that  it  is  very  difiicult 
to  concentrate  and  read  with  care  where  strong  pre- 
judice exists.  Fully  aware  of  this  mental  attitude  I 
have  already  answered  almost  all  the  points  raised  by 
such  critics,  as  a  careful  study  of  my  paper  will  prove. 
Frank  criticism  is  what  is  wanted,  but  complete  ignoring 
and  perversion  of  an  author's  statements  is,  from  the 
engineering    and    na'tional    point  of  view,   regrettable. 
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From  the  psychological  standpoint  such  criticism  is 
both  interesting  and  productive.  Being  so  negative, 
it  creates  a  positive  reaction,  and  thus  acts  as  a  strong 
stimulus,  very  necessar}'  and  complementarj'  to  the 
backing  of  one's  supporters. 

Objection  to  the  name  of  Scientific  Management. — 
Several  speakers  (Messrs.  Atkinson,  S.  Mavor,  Martin, 
Record,  Keachie,  Pettifor,  Ranft)  have  objected  to  the 
title,  including  friends  as  well  as  foes,  but  there  is  an 
extraordinary  paucitj'  of  suggested  alternatives.  That 
objection  should  be  taken  to  the  title,  as  suggested  by 
Mr.  Pettifor,  because  it  implies  that  all  other  systems 
are  non-scientific,  seems  reasonable  at  first  sight,  but 
only  those  systems  are  scientific  which  in  addition  to 
the  scientific  handling  of  material  also  apply  analytical 
and  synthetic  methods  to  the  measurement  of  the 
human  energj-  expended  in  doing  useful  work.  With- 
out this,  no  system,  however  scientific  it  may  be  in 
other  respects,  can  claim  to  be  scientific  in  its  treatment 
of  labour.  Rate-fixing  without  motion  and  time  study 
is  like  anahi;ical  chemistry  without  quantitative 
analysis.  That  is  the  fundamental  principle  regarding 
manual  and  clerical  labour.  The  other  fundamental 
is  the  apphcation  of  the  same  principle  to  the  brain 
workers,  namely  the  analj-sis  of  non-routine  work 
into  definite  functions  and  the  allocation  of  as  few  as 
possible  distinct  functions  to  suitable  individuals. 
There  must  be  more  and  more  speciahzation  in  manage- 
ment. The  highest  form  of  management  should  be 
an  art,  but  all  highly  developed  arts  are  founded  on  a 
scientific  technique.  At  present,  management  is  neither 
a  science  nor  an  art.  It  is  still  in  the  early  stages  of 
groping  after  the  truth,  and  when  it  does  eventually 
develop  a  technique  it  may  then  become  one  of  the  arts. 
Dr.  Taylor's'  system  is  the  first  to  embody  these  two 
fundamentals,  and  any  other  system  which  includes 
these  is  scientific,  no  matter  how  the  details  may  vary. 
Mr.  Martin  says  Scientific  Management  is  "  just  a 
phrase."  I  presume  he  also  refers  to  the  sub-title 
in  his  opening  remarks,  in  which  case  I  would  point 
out  to  all  who  have  criticized  the  sub-title,  the  difference 
between  the  definite  and  indefinite  articles.  I  do  not 
say  that  Scientific  Management  is  "  the  "  solution, 
but  is  "  a "  solution.  Bigger  things  than  Scientific 
Management  are  also  necessary  before  we  can  hope 
to  reach  nearer  to  the  goal  of  higher  intellectual,  moral 
and  spiritual  outlook.  The  materiahstic  movement 
of  to-day  can  onlj-  be  controlled  by  a  great  spiritual 
movement.  The  American  origin  of  the  title  seems 
to  worry  some,  but  the  American  engineers  experienced 
the  same  trouble.  It  seems  a  clear  case  of  the  "  survival 
of  the  fittest."  Surely-,  however,  to  worry  so  much 
now  about  the  name  seems  rather  a  belated  storm  in 
a  tea-cup.  We  are  past  the  christening  stage,  almost 
past  the  wild-oats  stage.  It  is  now  time  to  get  to 
serious  work. 

That  Treatment  of  Subject  is  unscientific,  lacks  defi- 
nitions, is  speculative  and  theoretical  and  makes 
"  astounding  "  claims. — ^Ir.  Paul  says  my  method  is 
unscientific  because  I  confuse  work  and  effort  by 
stating  that  "  Scientific  Management  makes  it  possible 
to  measure  labour  effort  accurately."  He  says  :  "  It 
does  nothing  of  the  kind,  being  founded  on  payment 


by  time."  Mr.  Paul,  belonging  to  the  old  school  of 
management,  which  was  and  still  is  only  concerned 
with  the  quaUty  and  quantity  of  the  work  done,  over- 
looks the  very  important  new  fact  that  Scientific 
Management  also  concerns  itself  in  addition  with 
the  quahty  and  quantity  of  the  energy  expended  or 
the  effort  put  forth  by  the  workers  in  doing  the  work. 
Scientific  ^lanagement  does  not  propose  to  pay  for 
all  this  effort — it  pays  for  the  result  of  the  effort,  but 
bases  the  payment  on  the  useful  effort  component. 
It  protects  the  workers  from  their  own  ignorance  and 
assists  them  by  apphdng  the  results  of  experimental 
physiology  and  psychology  to  their  efforts,  mental, 
nervous  and  muscular.  It  endeavours  to  save  the 
worker  from  useless  effort,  and  thus  makes  shorter 
hours  and  higher  wages  economically  possible.  To 
maintain  that  the  workers  can  do  this  of  themselves, 
without  any  education,  training  or  assistance,  is  no  longer 
tenable.  The  tendency  of  Scientific  Management  is  to 
pay  more  for  less  effort,  but  to  pay  less  for  more  work. 
N\'hen  a  movement  is  in  a  state  of  initial  flux,  definitions 
may  or  may  not  be  a  blessing.  I  went  the  length  of 
adopting  a  definite  name  and  this  discussion  is  sufficient 
proof  of  the  antagonism  aroused.  I  purposely  did  not 
give  any  short  definition,  as  I  hoped  the  paper  as  a 
whole  would  form  the  best  definition.  I  have  given 
very  briefly  the  history  of  the  name  and  the  movement, 
and  as  I  was  not  writing  a  book,  it  was  very  necessary 
to  limit  myself,  and  I  decided  therefore  to  deal  almost 
exclusively  with  Dr.  Taylor's  work,  because  he  was  the 
pioneer  and  American  engineers  first  apphed  the  name 
Scientific  Management  to  his  sj-stem.  Because  he  is 
extreme — Uke  most  originators — I  thought  that  the 
essentials  of  his  system  would  be  more  readily  grasped 
by  those  unacquainted  with  the  subject,  just  because 
it  is  the  greatest  departure  from  the  old  or  present 
system.  Mr.  Robinson's  definition  from  Webster's 
Dictionary — "  judicious  use  of  systematic  knowledge  to 
accomphsh  an  end  " — seems  rather  too  vague  ever  to 
become  popular,  and  I  take  it  any  definition  of  such 
a  subject  should  be  clear  to  all  concerned.  That  given 
by  ^Ir.  Vines  seems  to  me  rather  long,  and  yet  it  is 
not  altogether  lucid,  and  does  not  cover  everything. 
The  functionaUzing  of  the  brain  work  seems  to  be 
omitted  unless  "  process  "  also  appUes  to  brain  process, 
in  which  case  it  is  not  very  clearly  stated.  Also 
Scientific  Management  is  by  no  means  Umited  to  "  a 
factory."  It  is  appMcable  to  agriculture,  to  domestic 
housekeeping,  to  most  of  the  professions  and  especially 
to  the  art  of  government,  whether  in  labour  unions, 
employers'  federations,  municipalities  or  Imperial 
1  Government.  I  still  feel  that  short  definitions  wiU 
tend  to  make  the  situation  more  and  not  less  difficult. 
It  seems  to  me  that  we  are  fighting  against  a  sub- 
conscious antipathy  which  must  be  overcome  by  strong 
counter  suggestions,  whereas  definitions  are  apt  to 
arouse  intellectual  criticism  tending  to  maintain  the 
present  mental  attitude.  I  am  reminded  of  a  worker 
who  once  remarked  to  me,  as  if  it  were  a  grievance, 
that  we  had  no  printed  rules  and  regulations  in  the 
works,  and  then  added  that  as  soon  as  we  had  he  was 
going  to  fight  against  them.  I  had  that  worker  in  mind 
when   I  steered   clear  of  definitions.     Mr.  Stubbs  saj'S 
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my  paper  is  speculative.  I  take  that  as  complimentary 
because  all  new  ideas  are  more  or  less  speculative. 
There  seem  to  be  too  many  people  in  this  country  afraid 
to  take  the  smallest  risk.  Huxley  has  said  :  "  Men 
are  beginning,  once  more,  to  awake  to  the  fact  that 
matters  of  belief  and  speculation  are  of  absolutely 
infinite  practical  importance."  Mr.  Martin  mentions 
four  "  outstanding  bug-bears  "  :  (i)  the  implacable 
employer  ;  (2)  the  irreconcilable  agitator  ;  (3)  the 
bureaucrat  ;  (4)  the  impractical  theorist.  He  then 
says  :  "I  fear  the  author  is  more  of  a  theorist  than 
any  other."  Than  any  other  what  ? — bureaucrat, 
agitator  or  implacable  employer  ?  His  first  five 
questions  are  answered  in  my  paper  and  the  whole 
plan  of  the  paper  is  to  suggest  how  his  last  five  questions 
might  be  answered.  I  do  not  "  deprecate  the  idea  of 
the  survival  of  the  fittest."  I  might  as  well  deprecate 
the  theory  of  gravity.  What  I  do  deprecate  is  the 
conception  of  "  fittest  "  and  "  best  "  as  synonyms. 
We  must  have  standards  of  what  is  "  fittest  "  and  not 
leave  it  to  force  and  chance.  We  must  see  that  industrial 
and  social  evolution  progresses  and  does  not  retrogress. 
Progress  by  evolution  necessitates  the  continual 
shifting  of  the  struggle  to  a  higher  plane.  Civilization 
is  still  strugghng  on  the  plane  of  material  subsistence. 
Mr.  Martin  is  "  astounded  "  at  my  claim  that  Dr. 
Taylor  did  originate  something  new,  and  says  surely 
I  "  must  be  aware  of  the  enormous  strides  in  efficient 
production  made  by  British  firms  before  Mr.  Taylor 
was  born."  I  do  not  claim  that  Dr.  Taylor  invented 
everything  in  management  and  no  one  else  anytlung. 
I  claim  that  he  is  responsible  for  the  development  and 
application  of  motion  and  time  study,  and  functional 
management,  and  if  these  ideas  have  been  in- 
dependently developed  by  the  firms  mentioned  by 
Mr.  Martin  and  by  firms  on  Tyneside  (Mr.  Ranft)  there 
is  no  wTitten  record  of  the  fact.  I  thought  that  my 
digression  on  "  Darwinism  "  would  be  enough  to  explain 
my  conception  of  "  new,"  but  apparently  not.  If 
Mr.  Martin  is  willing  to  agree  that  the  steam  turbirte, 
instead  of  being  a  new  invention,  is  1,800  years  older 
than  the  reciprocating  engine,  because  Hero  of  Alexan- 
dria made  and  used  a  turbine  to  move  images,  about 
the  beginning  of  the  Christian  era,  or  just  1,900  years 
before  Parsons's  invention,  then  I  will  agree  that  Taylor 
also  did  nothing  new.  Mr.  Bedworth  speaks  of  Dr. 
Taylor's  "  so-called  Scientific  Management  "  a  system 
"  on  paper  "  as  being  introduced  nearly  20  years  ago. 
As  a  matter  of  fact  it  is  25  years  since  the  first  paper 
on  Scientific  Management  was  published.  The  system 
itself  was  worked  out  in  the  workshop — not  on  paper — 
over  a  period  15  years  earUer. 

Scientific  Management  and  Common  Sense.^1  have 
never  suggested  that  Scientific  Management  is  "  opposed 
to  common  sense."  Some  seem  to  misunderstand  my 
remarks  on  this  point.  It  is  not  of  much  importance, 
and  common  sense  demands  that  little  more  time  be 
spent  on  it,  but  it  is  interesting  to  note  how  touchy  are 
the  champions  of  common  sense.  If  Messrs.  Grant, 
Robinson,  and  Bedworth  will  agree  that  machine 
design  is  just  common  sense,  then  I  will  agree  that 
Scientific  Management  is  also  just  common  sense, 
because     Scientific     Management     is    the    science    of 


design   apphed   to   the   management  of   both  men  and 
material. 

Why  did  Taylor  take  26  Years  for  his  Experiment  ? — 
Mr.  Page  asks  this  question.  It  was  like  all  great 
experiments.  Dr.  Taylor  says  that  if  he  had  had  the 
experience  before  he  started  that  he  gained  after  26 
years,  he  could  have  finished  this  work  in  a  fraction  of 
the  time.  The  experiments  were  very  laborious  and 
much  early  work  was  found  useless  in  view  of  later 
knowledge.  His  experience  is  surely  the  experience 
of  all  life.  When  we  look  back  it  seems  as  if  we  might 
have  reached  the  same  stage  so  very  much  more  easily 
and  quickly. 

Criticism  of  Scientific  Management  in  its  Treat- 
ment OF  Labour. 
That  Scientific  Management  ignores  the  workers  and 
their  psychology,  creates  boredom,  destroys  initiative 
and  makes  them  automatons,  drives  them,  is  inhuman 
and  calls  for  sacrifices. — The  latter  part  of  tins  heading 
would  make  one  imagine  it  was  an  extract  from  Sir 
James  G.  Frazer's  "  Golden  Bough  "  relating  to  human 
sacrificial  rites  in  the  time  of  our  prehistoric  ancestors. 
But  words  to  this  effect  are  used  in  all  seriousness 
by  British  engineers  in  the  twentieth  century,  as 
apphcable  to  Scientific  Management.  Mr.  Mensforth 
misrepresents  Dr.  Taylor  by  saying  that  he  advocates 
that  the  system  comes  first  and  the  human  element 
second.  This  is  a  complete  perversion.  The  present 
system  puts  the  machine  first  and  the  man  almost 
nowhere.  The  depreciation  of  buildings  and  plant 
is  understood  because  it  directly  affects  capital  values, 
while  human  depreciation  does  not  show  in  the  balance 
sheet  and  is  almost  entirely  ignored  under  the  present 
system.  We  have  in  Mr.  Mensforth's  criticism  the 
failure  to  grasp  the  great  fact  that  the  doing  of  useless 
work  can  never  improve  a  man's  brain  or  character. 
We  have  the  "  ox  "  bogey  and  the  bogey  of  being 
responsible  to  eight  men.  It  is  hardly  possible  to  serve 
even  two  masters  far  less  eight,  but  it  is  very  easy  to 
receive  instruction  from  more  than  eight  teachers. 
Until  the  old  type  of  manager  can  eliminate  from  his 
mind  the  present  conception  of  autocratic  foremanship 
he  will  never  be  able  to  understand  the  vast  difference 
that  functional  foremanship  effects  throughout  the 
whole  factory  organization.  Finally  we  have  the 
"  stop-watch  "  bogey.  When  the  value  of  time-study 
is  really  understood  by  masters  and  men,  the  stop- 
watch will  create  the  same  "  atmosphere  "  in  the 
machine  shop  that  it  does  in  the  sick-room  when  the 
doctor  counts  one's  pulse.  The  men  have  far  more 
common  sense  about  these  various  bogeys,  from  which 
so  many  of  their  masters  seem  so  anxious  to  protect 
them.  Mr.  Pilling  says  it  is  an  "  extremely  hard  paper  " 
and  Mr.  Allcock  speaks  of  "  the  danger  of  de-humanizing 
industry."  How  can  this  be  done  when  it  has  never 
yet  been  humanized  ?  Scientific  Management  is  the 
first  systenr  which  definitely  sets  out  to  do  this  very 
thing — to  humanize  industry — and  it  is  because  I 
feel  so  strongly  on  this  point  that  I  advocate  its  adop- 
tion. To  humanize  industry  is  the  great  thing  which 
will  justif}-  industrialism  from  the  serious  reproaches 
of  the  past  and  make  an  industrial  career  worth  while. 
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in  a  much  higher  sense  than  the  economic.  I  deal 
at  length  in  m^'  paper  with  all  the  points  under  this 
sub-heading  and  no  new  facts  are  produced  to  refute 
my  arguments.  Scientific  Management  does  not  demand 
"  sacrifices  "  (Mr.  Keith).  It  is  not  another  name  for 
sweating,  which  exists  now  and  will  always  be  possible 
under  the  present  state  of  affairs.  Scientific  Manage- 
ment makes  sweating  as  impossible  as  any  external 
■control  ever  will.  It  does  not  drive  (Mr.  Martin)  like 
the  present  systems.  It  teaches  and  leads.  If  driving 
is  resorted  to,  then  Scientific  Management  is  absent. 
The  worker's  psycholog)^  is  not  ignored — it  is  a  very 
big  factor  which  must  be  and  is  taken  into  account. 
Instruction  and  training  in  standard  methods  do 
not  necessarily  create  automatons  (Mr.  Page  and 
Mr.  Ranft),  because  under  Scientific  Management  the 
same  man  is  capable  of  doing  a  greater  and  not 
a  less  variety  of  jobs.  Anticipated  larger  pay  at  the 
end  of  the  week  due  to  the  adoption  of  payment-by- 
result,  does  not  create  "  boredom  "  (Mr.  Paul).  Many 
in  this  discussion  have  emphasized  the  fact,  proved  by 
their  own  experience,  that  time  wages  are  demorahzing, 
■causing  apathy  and  lack  of  interest,  which  has  been 
quickly  remedied  by  paying  on  a  piece-work  or  bonus 
sj'stem.  Scientific  Management  avails  itself  of  this 
very  important  psychological  fact,  which  Mr.  Sands 
seems  to  deny,  while  the  only  deference,  under  the  old 
-order,  to  the  worker's  psychology  is  a  bad  one,  harmful 
alike  to  the  individual  and  to  the  community.  It  is 
best  summed  up  in  a  worker's  own  words  :  "I  like  to 
think  I  think  even  if  I  don't  think."  That  unfortunately 
does  not  apply  to  the  manual  worker  only.  According 
to  Mr.  Bedworth,  to  train  the  mind  to  do  work  in  the 
most  efficient  manner  would  be  "  retarding  thought." 
The  great  value  of  a  university  training  to  a  brain  worker 
is  the  habit  of  mental  disciphne  acquired  rather  than 
the  actual  knowledge  gained.  The  craft  knowledge 
of  the  worker  on  the  other  hand  is  slowly  gained  not 
bj'  thought  but  by  long  experience  of  rule-of-thumb 
methods.  Scientific  Management  uses  both  original 
thought  to  think  out  the  best  way,  and  disciplined 
habits  of  mind  to  execute  what  has  been  properh' 
thought  out.  It  gives  much  greater  scope  to  the  thinkers 
in  industry  than  the  present  system  does.  Mental 
disciphne,  like  moral  disciphne,  does  not  rob  a  worker 
■of  his  "  individuality."  They  both  strengthen  his 
character  and  develop  his  personality. 

A  man  "  benefits  physically  "  under  Scientific  Manage- 
ment just  because  if  "it  is  necessary  for  him  to  per- 
form a  certain  opei'ation  in  a  given  time  "  Scientific  Man- 
agement teaches  him  how  to  do  it  with  the  least  effort. 

Scientific  Management  and  Unemployment. — The 
introduction  of  Scientific  Managenaent  will  have  the 
same  tendency  as  the  introduction  of  labour-saving 
machinery.  It  must  mean  temporarj^  displacement 
of  labour,  as  pointed  out  by  Mr.  Grover,  but  the 
national  effect  is  not  Ukely  to  be  serious  because  it  is 
impossible  suddenly  to  adopt  Scientific  Management 
throughout  the  country.  I  do  not  understand  how 
engineers  can  maintain  that  increased  output  means 
more  employment,  without  pointing  out  that  they  are 
thmking  months  or  even  years  ahead,  because  they 
know  very  well  that  the  worker  is  bound  to  think  only 


days  or  weeks  ahead.  The  long-distance  view  in  this 
case,  without  any  qualification,  makes  the  workers 
feel  either  that  the  employers  do  not  know  the  truth 
or  will  not  speak  the  truth.  They  can  understand  whj' 
lawyer  pohticians  divorced  from  realities  talk  in  this 
manner,  because  they  know  that  almost  every  pohtician 
must  be  taken  at  a  discount.  That  is  the  instinctive 
knowledge  which  now  forms  part  of  our  pohtical  tradi- 
tion. Until  employers'  statements  are  such  that  they 
can  be  taken  at  par  value  by  the  workers,  it  will  be 
difficult  to  make  much  progress  with  Scientific  Manage- 
ment or  any  other  thing.  The  suspicion  of  the  worker 
is  amply  justified  by  history.  I  agree  with  Mr.  Staven- 
hagen  that  the  fear  of  unemployment  is  a  real  and 
genuine  one,  and  I  consider  that  one  of  the  principal 
charges  on  every  industry  should  be  the  hberal  main- 
tenance of  its  own  unemployed.  I  am  glad  that  in 
this  I  agree  with  Mr.  Pelhng,  but  not  with  his  "  pooling  " 
scheme  with  which  I  deal  later  on.  The  capitalist 
class,  accustomed  and  able  to  wait,  must  appreciate 
the  workers'  fear,  and  until  this  has  been  allayed  by 
effective  organization  and  insurance  the  workers  should 
not  be  expected  to  put  forth  their  best  efforts.  On 
the  other  hand,  I  would  say  to  Mr.  Stavenhagen  and  to 
all  who  wish  to  raise  the  status  of  labour,  that  to  oppose 
the  increase  of  efficiency  in  production  by  opposing  the 
adoption  of  Scientific  Management  because  of  the  fear 
that  it  will  create  unemployment  is  to  work  in  a  vicious 
circle.  Little  or  no  progress  can  result  through  such 
action  and  the  workers  must  continue  to  suffer.  Negative 
criticism  is  useless  in  such  a  case.  WTiy  not  accept 
all  that  science  can  give  in  this  direction,  on  the  distinct 
understanding  that  full  employment  or  insurance  is 
guaranteed  and  that  the  workers  get  50  per  cent  of  all 
the  saving  effected  in  cost  ?  If  labour  would  put  up 
a  constructive  fight  on  this  basis,  no  employers  could 
withstand  it.  PubUc  opinion  would  be  overwhelmingly' 
with  labour.  The  present  sectional  and  internecine  war- 
fare in  industry  is  not  winning  pubhc  opinion,  and  the 
workers  and  the  community  are  paying  a  heavy  price. 

That  the  Workers  resent  Scientific  Management  and 
that  Trade  Unions  will  not  tolerate  it. — Those  who  use 
this  argument  (Mr.  Paul  and  Mr.  Martin)  as  a  reason 
for  not  adopting  Scientific  Management  are  in  a  decided 
minority  in  this  discussion.  Opposition,  if  aroused, 
is  due  not  so  much  to  Scientific  Management  as  such, 
but  because  it  is  something  new  and  because  of  the 
general  feeUng  of  suspicion.  Average  human  nature, 
and  especially  when  in  a  position  of  responsibihty, 
is  usually  opposed  to  everything  new.  It  is  the 
exceptional  man  that  welcomes  a  departure  from 
custom.  As  a  matter  of  fact,  the  individual  worker 
does  not  strongly  oppose  it.  Handled  properly,  he 
is  wilhng  to  be  shown  how  to  do  more  and  better  work 
with  less  exertion  and  for  more  pay.  Mr.  Paul's  story 
of  the  resentment  of  the  men  because  under  such  a 
system  as  Scientific  IManagement  "  while  their  wages 
are  reckoned  in  tenths  of  a  penny,  it  costs  2S.  6d.  to 
get  a  spht  pin  out  of  the  store  "  is  most  entertaining, 
but  not  practical  politics.  Mr.  Dick's  description  of 
the  trade-union  attitude  is  most  instructive.  I  hardly 
agree  with  him,  however,  when  he  says  that  the  individual 
worker  finds  himself  at  present  in  a  "  happy  position  " 
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financially,  so  that  he  is  not  much  concerned  with 
higher  production  and  higher  wages.  Whatever  the 
returned  army  man  may  feel,  those  who  did  excessive 
overtime  on  munitions  during  the  war  do  not  find 
that  their  present  weekly  pay — with  overtime  forbidden 
— is  high  enough,  and  the  very  fact  that  they  have  so 
much  more  leisure  means  that  they  require  more  and 
not  less  money  in  order  to  be  happy.  It  is  because 
of  this  very  leisure,  which  gives  a  taste  of  better  tilings 
to  come,  that  we  probably  have  strikes  and  demands 
for  more  pay,  and  yet  without  this  leisure,  progress 
towards  a  higher  standard  would  hardly  be  possible. 
Mr.  Grover  mentions  what  I  have  already  pointed  out 
in  my  paper,  that  the  trade  unions  "  dislike  competition 
between  man  and  man  in  the  same  shop."  This  attitude 
may  have  been  necessary  when  trade  unionism  was 
in  its  infancy,  but  the  oificial  labour  leaders  of  to-day 
are  paying  a  heavy  price  for  this  teaching  of  the  past. 
Competition  breeds  leaders,  and  syndicalism  professes 
not  to  believe  in  leaders  of  any  kind,  especially  in  labour 
organization,  and  the  "  rank  and  file  "  movement  of 
to-day  against  their  official  leaders  finds  historical 
sanction  in  this  tradition  of  the  workshop.  If  labour 
is  still  determined  severely  to  handicap  her  best  men 
for  the  sake  of  the  mediocre  and  the  slackers,  then 
the  whole  body  of  labour  will  be  compelled  by  economic 
circumstances  to  put  forth  more  labour  in  the  total 
than  would  be  necessary  if  the  best  workers  were  allowed 
full  freedom  to  put  forth  their  best  eflorts.  The  trade 
unions  and  the  sociaUsts  are  not  actually  against 
Scientific  Management  itself.  They  now  believe  that 
it  will  be  necessary  under  a  socialist  regime,  but  they 
are  on  the  horns  of  a  dilemma.  From  the  industrial 
bankruptcy  of  Russia  under  the  dictatorship  of  the 
proletariat  they  now  see  that  habits  of  efficient  work 
will  be  essential  to  success.  If,  however,  the  capitalist 
is  allowed  to  introduce  Scientific  Management  on  a 
national  scale  without  any  national  control,  they  see 
that  it  will  strengthen  the  capitahsts'  position.  The 
socialists  do  now  believe  in  Scientific  ]\Ianagement 
but  not  under  capitalism.  I  advocate  its  national 
adoption,  with  the  Government  acting  as  the  trustee 
for  the  consumers,  in  order,  by  that  means,  to  defeat 
the  possible  opposition  of  organized  labour  and  gain 
the  support  of  public  opinion.'  I  hope  Scientific 
^Management  will  win  by  showing  what  a  great  gain  it 
will  be  to  the  nation  ;  and  if  the  nation  gains,  the 
employers  and  the  workers  must  gain  also.  That  is 
why  I  introduce  socialism  into  my  paper.  It  is  not 
irrelevant  or  "  antagonistic  "  to  do  so,  as  Mr.  Sands 
seems  to  think.  I  believe  with  many  of  the  speakers 
that  the  demand  for  Scientific  Management  will  even- 
tually come  from  the  workers'  side.  It  is  very  interest- 
ing to  see  that  Sir  George  Gibb,  who  has  probably  had 
more  experience  of,  and  responsibility  for,  settling 
labour  disputes  during  the  war  than  any  other  authority, 
agrees  "  it  is  a  great  mistake  in  matters  of  this  sort 
to  be  afraid  of  the  working  man.  Prejudice  can  only 
be  removed  by  reason  and  enlightenment.  Workmen 
should  be  met  not  with  arguments  only,  but  with  argu- 
ments and  facts."  It  seems  to  be  the  consensus  of 
opinion  in  this  country  and  in  America,  of  all  who  are 
interested  in  Scientific  ^lanagement,  that  the  employers 


have  given,  and  are  likely  to  give,  the  greatest  opposition 
to  its  full  adoption.  I  consider  that  if  such  a  demand 
does  come,  the  employers  will  lose  unless  they  are 
prepared.  If  the  employers  initiate  the  movement 
individualism  will  triimiph,  and  we  will  be  saved  from 
the  bureaucrat  and  the  bolshevik. 

That  Scieniific  Management  requires  imlimited  Un- 
organized Labour. — Mr.  Martin's  statement  is  not 
correct.  Scientific  Management  will  spread  by  means 
of  organized  and  not  unorganized  labour,  and  a  far 
smaller  reservoir  of  labour  will  be  required  than  under 
the  present  system,  because  the  national  organization 
will  be  so  very  much  better. 

What  to  do  with  Non-Suitable  Labour  ? — Mr.  Fleming 
asks  this  question.  Under  thfe  present  system  the 
unsuitable  individual  is  sooner  or  later  discharged  and 
left  to  shift  for  himself,  probably  repeating  the  sam& 
process  in  one  factory  after  another,  and  thereby 
demoralizing  himself  and  creating  a  large  economic 
loss.  With  Scientific  Management  very  much  greater 
care  is  taken  to  engage  the  proper  man  at  the  start. 
If  he  is  not  successful  in  one  job  he  is  tried  at  several, 
till  liis  capabilities  are  known,  all  this  being  possible 
with  a  system  using  trained  instructors.  If  Scientific 
Management  were  national,  any  man  failing  to  find 
suitable  work  in  one  factory  would  be  found  work  in 
another  by  means  of  local  organizations  specially 
attending  to  this.  If  a  man  were  thoroughly  and  hope- 
lessly incompetent  and  useless,  it  would  be  better  to 
know  that  man  and  segregate  him  and  not  allow  him 
to  roam  about  as  at  present,  creating  nothing  but  trouble. 
Nothing  could  be  more  haphazard  and  less  scientific 
than  the  present  method  of  hiring  and  employing^ 
men  in  the  average  workshop  of  to-day. 

Profit  Sharing. — The  Priestman  system  of  collective 
bonus  as  mentioned  by  Mr.  Allcock  and  Mr.  Grover, 
may  be  carried  out  with  many  of  the  features  of  Scientific 
Management,  but  Scientific  Management  does  not 
agree  that  collective  payment-by-result  is  psychologically 
sound.  It  does  not  reward  the  worker  in  proportion 
to  merit,  underpaying  the  best  and  overpaying  the 
poor  workers.  It  seems  mostly  applicable  to  processes 
or  mass  production  and  not  to  the  engineering 
industry  as  a  whole.  This  also  applies  to  profit- 
sharing  as  described  by  Mr.  Pelling.  If  good  profits 
are  made  it  will  succeed,  but  if  they  fall  away  and 
disappear,  the  workers,  especially  those  who  may  have 
put  forth  extra  effort,  will  be  keenly  disappointed  and 
trouble  is  likelv  to  result.  Such  schemes  work  best 
in  monopoly  processes  with  assured  profits,  such  as  soap- 
making.  It  is  not  fair  to  expect  the  best  workers  to- 
be  so  altruistic  as  to  earn  extra  profits  for  the  poor  ones, 
and  I  question  if  this  mixing  of  altruism  and  economics 
is  really  in  the  interest  of  the  individual  and  of  the 
nation.  It  is  like  the  volunteer  system,  good  for  the 
few  volunteers  and  very  bad  for  the  large  remainder 
of  slackers.  With  a  premium  bonus  system  under 
Scientific  Management  the  good  worker  will  always 
get  his  reward  whether  the  company  makes  a  loss  or  not, 
and  the  reward  is  paid  weekly.  To  pay  bonuses  monthly, 
six-monthly,  or  yearly,  is  to  make  the  worker  wait 
too  long.  The  ideal  is  to  let  the  worker  know  what  he 
has  made  each  day  if  possible. 
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Criticism  not  Directly  Concerned  with  Labour 
BUT  Directly  with  .the  Subject. 

Confusion  between  Scientific  Management  and  Mass 
Production. — There  seems  considerable  confusion  on 
this  point.  The  two  things  are  not  comparable,  not 
being  of  the  same  order,  and  still  some  seem  to  think 
they  are  very  much  akin.  Major  Pells  agrees  with 
what  I  have  just  said.  Jlr.  Robinson  agrees  that 
Scientific  ^lanagement  is  suited  to  varied  output,  and 
Mr.  Pearce  that  it  is  best  suited  to  such  output.  Mr. 
Paul  and  INIr.  Pettifor  think  of  Scientific  Management 
as  a  sjmonym  for  mass  production,  and  Mr.  Vines  says 
it  is  more  easily  applied  to  mass  production.  With 
mass  production  it  is  possible  to  develop  a  very  rigid 
system  of  management,  thought  out  most  carefully 
to  the  minutest  detail,  because  even  the  smallest  detail 
repeated  tens  and  hundreds  of  thousands  of  times  is 
capable  of  producing  a  considerable  aggregate  gain 
if  performed  in  the  most  efficient  manner.  Scientific 
Management  is  almost  a.  sine  qua  /zok  for  such  production, 
but  it  is  possible  that  the  relative  saving  between  average 
inefficient  management  and  Scientific  Management 
as  appUed  to  manufacturing  companies,  not  on  mass 
production  but  on  a  varied  output  where  a  fair  quantity 
of  standardized  parts  is  possible,  mav  be  even  higher, 
just  because  with  this  kind  of  production  it  is  more 
difficult  to  reach  high  efficiency.  Scientific  Manage- 
ment can  also  be  applied  even  in  a  repair  shop,  but 
the  details  will  be  ver\-  different  from  those  applicable 
to  mass  production.  Scientific  Management  should 
not  be  confused  with  anj'  special  kind  of  product, 
and  ilr.  Paul's  reference  to  "  Fords  "  and  "  Rolls 
Royces  "  still  further  confuses  the  situation.  Scientific 
Management  is  science  applied  to  the  eUmination  of 
waste  in  all  directions,  and  consequently  can  be  applied 
with  gain  wherever  men  work  either  by  hand  or  by 
brain.  The  trained  draughtsman  of  the  future  will 
be  able  to  record  the  necessary,-  standard  times  on  the 
drawings  more  quickly  than  he  now  arrives  at  the 
dimensions  and  particulars  of  material.  The  trained 
worker  will  read  the  instructions  just  as  quickly  as  he 
reads  the  dra-\\-ings. 

Omission  of  Reference  to  "  Quality"  and  "  Costing." — 
These,  of  course,  are  not  new  to  Scientific  Management, 
and  Scientific  JIanagement  has  not  anj-thing  very- 
original  to  say  about  them.  Mr.  Heaton  knows  that 
the  tendency  of  Scientific  Management  is  to  improve 
quality  and  especiallv  to  make  it  more  standard.  Pay- 
ment-by-results, as  I  have  pointed  out,  is  impossible 
■without  proper  inspection  of  quality,  and  without 
costing.  As  Major  Pells  suggests,  costing  is  a  detail 
and  a  great  deal  is  now  said  about  it,  especially  by 
the  politicians  and  the  Government,  who  think  that 
"  costing "  will  save  the  industrial  situation.  After 
all  it  is  a  detail,  an  absolutely  essential  one  it  is  true, 
but  still  a  detail.  At  the  best  it  has  not  very  much 
life  in  it.  It  records  what  is  done,  but  is  not  much  of 
a  doer  itself,  and  is  so  hable  to  abuse,  Uke  all  historical 
records.  We  must  have  efficient  costing  just  as  we 
must  have  efficient  book-keeping,  and  the  relation  of 
costing  to  production  is  very  much  hke  the  relation  of 
book-keeping  to  business. 

Difficulty  of  allowing  for  varying  tolerances,  etc.,  under 


National  Scheme  (Major  Mavor). — This  will  mean 
the  collection  of  much  data,  but  wth  such  a  system  in 
force  as  I  have  outhned,  a  national  standard  of  quality 
would  soon  be  estabhshed  for  all  classes  of  work,  and 
this  would  make  possible  a  great  eUmination  and  thus 
produce  a  great  gain.  As  an  indi\-idual  employer  I 
agree  with  Major  Mavor  that  "  He  travels  fastest  who 
travels  alone,"  but  as  a  member  of  the  British  engineer- 
ing industry'  who  wishes  that  industry  to  lead  the  world, 
I  do  not  agree.  The  progress  of  individuals  will  be 
far  too  slow  in  the  aggregate  for  the  nation.  Such  indi\d- 
dual  progress  is  unscientific  if  considered  on  a  national 
scale,  as  it  means  such  a  great  duplication  of  the  same 
trial-and-error  process  in  a  multitude  of  shops.  We 
are  so  conservative  and  close  that  if  we  discover  a  good 
thing  we  tend  to  keep  it  to  ourselves.  That  does  not 
seem  to  be  in  the  national  interest.  Of  course  the 
object  of  this  paper  is  to  create  a  "  bias  "  in  favour 
of  Scientific  Management.  Until  that  bias  is  created, 
any  such  national  scheme  as  I  have  outlined  is  impos- 
sible. 

Supply  of  Materials. — Mr.  Parsons  has  somewhat 
misunderstood  my  remarks  regarding  all  mechanisms 
being  of  "  secondary  importance."  He  describes  and 
gives  an  illustration  (Fig.  A)  of  a  very  interesting 
graphical  method  of  recording  the  progress  of  manu- 
facture of  a  large  machine  from  "  date  of  order  received  " 
to  "  date  of  plant  delivered."  ISIr.  Parsons  assumes 
that  the  employers  have  the  proper  mental  attitude 
towards  the  men,  and  if  this  is  granted  then  all  such 
schemes  as  he  has  described  become  of  primary  im- 
portance. His  scheme,  however,  deals  with  the  handling 
of  material  and,  as  already  pointed  out,  the  object 
of  this  paper  is  to  deal  with  labour,  and  as  far  as  labour 
is  concerned  it  is  worse  than  useless  to  adopt  the  various 
"  mechanisms  "  of  workshop  and  office  as  developed 
and  used  under  Scientific  Management  if  this  proper 
mental  attitude  does  not  first  exist.  A  change  of  both 
heart  and  head  is  necessary  for  the  successful  handhng 
of  labour.  The  correct  mental  attitude  of  the  employer 
to  his  men  is  thus  of  primary  importance,  after  which 
motion  and  time  study  become  possible,  consequently 
the  latter  are  secondary  both  in  order  and  value.  Mr. 
Bedworth  says :  "What  good  will  it  do  to  have  an  elaborate 
system  of  feed  and  speed  if  we  have  not  the  material 
to  feed  our  machines  ?  "  Of  course  it  is  no  good,  and 
science  must  be  appUed  to  the  handhng  of  material 
as  well  as  labour.  Dr.  Taylor  went  fully  into  this, 
but  the  problem  of  material  is  an  old  story  and  the 
appHcation  of  science  to  its  solution  is  agreed  upon  by 
everv'one  as  most  desirable.  It  seems  to  be  the  failure 
to  distinguish  between  system  as  apphed  to  material, 
and  science  as  appUed  to  labour,  that  makes  the  opponents 
of  Scientific  Management  so  annoyed  at  its  claim 
to  be  original.  It  makes  Uttle  claim  to  originaUty 
regarding  material,  but  of  course  without  materials 
it  is  impossible  for  labour  to  be  efficient,  and  there  is 
Uttle  doubt  that  a  considerable  part  of  the  so-called 
restriction  of  output  at  the  present  time  is  due  to  the 
abnormal  shortage  of  certain  classes  of  essential  material, 
for  example,  steel  plates  for  shipbuilding  and  insulated 
copper  wire  for  electrical  machines.  I  regret  I  cannot 
give    Mr.    Parsons    any   further    details    regarding    the 
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government  report  of  the  adoption  of  Scientific  Manage- 
ment in  a  foundry.  Considering,  however,  that  the 
output  was  simple  and  on  a  mass-production  basis, 
the  supply  of  material  in  this  case  would  be  easily 
accomplished  and  one  would  imagine  that  almost  all 
the  saving  would  be  effected  by  the  efficient  training  of 
labour.  In  building  an  intricate  machine,  however, 
the  supply  of  the  material  at  the  right  time  may  be  of 
greater  importance  than  an  increase  in  the  efficiency 
of  labour  by  means  of  motion  and  time  study.  In 
such  a  case  Scientific  Management  would  pay  the 
greatest  attention  to  material.  Does  it  never  strike 
the  champions  of  the  present  systems  that  the  scramble 
for  material  is  unscientific  and  a  national  loss  ?  Is  it 
not  time  to  have  industry  develop  a  general  staff  to  deal 
with  the  supply  of  both  material  and  labour  ?  Industry 
should  now  be  past  the  stage  where  individual  firms 
have  to  fight  for  the  necessaries  of  industrial  existence. 
The  struggle  and  the  "  survival  of  the  fittest  "  ought 
to  be  raised  to  the  higher  level  of  efficient  production. 
We  want  a  Quartermaster-General  and  an  Army  Service 
Corps  for  industry.  Our  present  methods  of  getting 
material  and  labour  are  on  a  par  with  the  foraging 
methods  of  Napoleonic  days.  We  do  not  want  the 
Government  bureaucrat,  but  national  control  did 
accomplish  tilings  in  spite  of  the  bureaucrats.  We 
want  a  centralized  control  initiated,  organized  and  run 
by  industry  itself  in  the  interest  not  of  great  monopolies 
or  amalgamations  but  of  all  the  producers.  Consider 
the  present  situation  in  shipbuilding.  The  shipping 
companies  want  ships  which  they  cannot  get  fast  enough, 
because  shipbuilders  are  short  of  steel  plates  for  which 
the  steel  makers  require  pig  iron,  which  again  requires 
imported  ore,  and  this  is  not  being  imported  because 
we  are  not  exporting  enough  coal.  Because  of  the 
lack  of  outward  freights  to  ore-producing  countries, 
there  is  a  scarcity  of  sliips  coming  to  this  country  with 
•ore.  The  shipping  magnates  want  ships  but  apparently 
do  not  consider  it  their  job  to  divert  any  ships  for  the 
purpose  of  carrying  ore.  They  seem  to  prefer  to  earn 
higher  freights  in  other  directions,  meantime  retardation 
of  output  is  produced  in  all  these  other  very  important 
trades.  It  is  such  lack  of  leadership  in  high  places  or 
such  indifference  to  the  greater  national  interest  apart 
from  the  immediate  sectional  gain  that  creates  State 
socialists.  Many  State  socialists  hate  the  bureaucrat 
and  admit  his  great  capacity  for  blocking  progress, 
but  in  spite  of  that  they  think  the  bureaucrat  a  lesser 
national  evil  than  the  capitaUst  intent  on  immediate 
gains,  no  matter  how  other  sections  of  the  nation  may 
suffer.  The  great  amalgamations  of  shipbuilding, 
steel,  coal  and  engineering  are  attempts  to  solve  this 
problem,  but  it  may  not  be  a  solution  in  the  national 
interest.  It  may  become  a  fight  between  giants,  and 
the  rest  may  go  to  the  wall,  and  then  we  may  have 
individualism  at  its  worst,  which  is  bound  to  produce 
the  natural  sequence — State  socialism,  ^^'hen  the 
small  and  the  large  firms  co-operate  together  through 
a  centralized  organization,  then  we  shall  be  able  to 
preserve  the  maximum  of  individual  initiative  in  actual 
production  along  with  all  the  advantages  of  the  fullest 
co-operation.  That  is  how  science  might  attempt  to 
solve  the  problem  on  a  national  basis. 


Criticism  of  my  Opinions  Indirectly  Connected 
WITH  THE  Subject. 
That  Factories  in  the  country  should  pay  lower  wages. — 
If  country  factories  are  so  difficult  and  costly  to  run 
(Mr.  Pettifor  and  Mr.  Vines)  why  are  they  built  ? 
There  must  be  some  compensation  in  addition  to  the 
cheaper  ground  rent,  because  that  in  itself  is  not  sufficient. 
If  this  difficulty  of  inferior  labour  actually  exists  now, 
it  surely  did  not  always  exist,  and  it  must  be  a  sign  of 
the  times  that  the  best  workers,  whether  manual  or 
brain  workers,  are  no  longer  content  to  be  marooned 
in  a  country  district  however  beautiful,  where  it  is 
impossible  to  find  that  stimulation  to  the  mental  and 
spiritual  side  of  life  so  essential  under  our  present 
civilization.  The  concentration  of  industry'  in  densely 
populated  cities  is  of  course  not  in  the  best  national 
interest,  but  it  is  questionable  if  it  is  desirable  for 
industrial  workers  to  live  in  rural  surroundings  entirely 
away  from  what  the  city  can  give.  The  ideal  conditions 
seem  to  be  in  free  open  spaces,  outside  the  larger  towns, 
and  of  course  in  such  cases  the  supply  of  efficient  labour 
is  not  difficult.  The  tendency  of  industrial  progress 
will  be  towards  less  heavy  muscular  work,  wliich  will 
be  done  by  macliines.  Nervous  energy'  will  tend  to 
replace  brute  force,  and  such  workers  will  require 
more  intellectual  recreation  and  entertainment  than 
in  the  past.  It  is  difficult  to  see  how  this  can  be  obtained 
all  over  the  country,  and  if  the  electrical  engineer 
solves  it  by  cheap  and  rapid  transit,  then  he  will  also 
solve  the  labour  difficulty  as  well.  This  is  a  very  small 
country  and  the  geographical  differences  in  the  cost  of 
living  (Mr.  Stubbs)  are  more  often  due  to  different 
standards  than  to  different  prices.  The  ideal  should 
be  to  raise  all  to  the  highest  standard  and  therefore  I 
do  not  tliink  that  lower  wages  in  the  country  are  in  the 
national  interest,  as  this  tends  to  keep  the  general  wage 
level  down. 

That  Labour  is  a  Commodity — subject  to  Supply 
and  Demand.  Economists  are  almost  as  dogmatic  as 
theologians.  The  enthusiasts,  or  are  they  the  cynics, 
argue  that  economics  is  the  driving  force  of  the  world, 
the  vital  force  of  civilization,  the  real  motive  power 
behind  all  wars  and  even  great  religious  movements. 
The  myth  of  the  economic  man  still  enjoys  world-wide 
credence.  The  followers  of  Karl  Marx  have  forced  the 
materialistic  conception  of  history  to  the  fore,  and 
have  thus  strengthened  the  sub-conscious  reactions  of 
orthodox  economists  so  that  they  can  hardly  conceive 
of  a  future  state  of  civilization  in  wliich  economics 
will  take  a  very  second  place.  They  seem  to  think  the 
present  state  of  affairs  is  so  perfect  and  absolute,  having 
lasted  throughout  civiUzation,  that  they  cannot  see 
any  alternative.  When  economic  wealth  is  abundant 
everywhere  then  labour  will  cease  to  be  a  commodity 
to  be  bargained  about.  Very  little  labour  will  be 
required  of  each  individual,  and  that  little  will  be  willingly 
offered  to  the  community.  That  is  a  Utopia  doubtless, 
but  the  tendency  of  Scientific  Management  is  towards 
that  Utopia,  and  the  smallness  of  the  apparent  progress 
should  not  unduly  worry  us,  so  long  as  we  know  that 
we  are  on  the  right  road.  Before  trade  unions  existed, 
employers  bargained  with  indi\'idual  workers.  Labour 
organization  is  now  recognized  by  all  British  employers. 
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so   that  they  bargain  ^^^th  the  indi\'idual  no   longer. 
With  the  national  adoption  o-f  Scientific  ^Management  a 
vast   number  of    details   over  which    bargaining    now 
takes  place  will  be  eliminated,  and  eventually  the  issue 
will    be     narrowed   down   to   one   point — the   national 
standard    rate.     As    civihzation    advances   it   will    not 
always  be  a  question  of  force  getting  the  best  of  the 
bargain.     Ethical    considerations  will    gradually  domi- 
nate,   founded   on   economic   quahfications   it   is   true, 
but  force  ■will  not  be  used — not  even  potentially.     When 
force  no  longer  predominates,  as  it  no  longer  does  in 
the   best  relations  between  husband  and  wife,   father 
and  son,  then  economic  truth  will  become  a  blessing 
to  all,  and  not  as  at  present  be  used  by  the   stronger 
as   a   weapon   to   bewilder   the   weak.     As   a   concrete 
example  of  what  I  mean,  consider  the  recent  case  of 
the  railway  porters,  and  the  inquiry  into  the  conditions 
of  life  of  the  dock  labourers.     A  strong  appeal  is  made 
to  the  humanitarian  side  of  pubhc  opinion  in  order  to 
gain    sympath}'   and    support    for   the    argument   that 
a  minimum  wage  should  be  based  on  a  certain  standard 
of  hving,  irrespective  of  any  standard  of  work  done. 
The  ethical  appeal  to  a  higher  sentiment  is  good,  while 
the  ignoring  of  economic  conditions  is  bad  and  confuses 
the  whole  issue.     Civihzation,  especially  after  the  war, 
cannot  afford  so  many  railway  porters  lounging  about 
a  passenger  station  in  order  to  maintain  the  dignity 
of  passengers  able  to  carry  their  own  bags.     Such  men 
are  not  worth  £z  a  week  to  the  community.     I  question 
if  they  are  worth  los.     Neither  the  unions,  the  employers, 
nor  the  Government  have  the  courage  to  say  so.     No 
one  seems  to  think  that  the  problem  could  be  solved 
by  the  installation  of  a  proper  and  efficient  sj'stem  of 
handUng      railway    passengers'     baggage,     instead     of 
maintaining  a  system  inherited  from  and  only  suitable 
for  the   days   of  stage-coaches.     Do   away  with  these 
porters  and  put  them  to  do  more  valuable  work.     If 
such  work  cannot  be  found  right  away,  pay  them  hberal 
insurance.     Let  us  see  hovv'  inefficient  we  are  and  so 
get  rid   of  the  inefficiencies  the   quicker.     At  present 
they    are    all    lost   sight    of.     Humanitarianism    which 
ignores  economics  in  this  fashion,  does  harm  and  not 
good.     It  is   a  reaction  from  the  bad   past  in  which 
economics  ignored   humanity.     It  is  of  great  interest 
to  note,  as  a  partial  step  in  the  right  direction,  the  very 
recent  ruling  of  the  Industrial  Court  that  the  cost  of 
h\-ing  will  not  be  taken  into  account  in  future  when 
fixing  wages,  but  that  "  the  remuneration  of  the  work- 
people should  now  depend  on  the  value  of  the  work 
done."     If  this  were  all  it  would  be  partly  satisfacto^^^ 
but  a  definition  is  added  which  practically  damns  the 
whole    thing,    namely — "  the   value    of   the  work  done 
depends  on  the   state    of   the  market."     Here    is   the 
same  old  merchant  idea,   now  so   anti-social.     It  is  as 
vicious  as   the   Excess  Profits  Duty  which  encourages 
and  stimulates  the  maximum  of  profiteering.     Because 
the  cotton  magnates,  for  example,  have  raised  the  price 
of  cotton  abnormally  high  it  will  be  correct  apparently 
for  the  Industrial  Court  to  accept  the  latest  demand  and 
award  abnormally  high  wages  to  the  cotton  workers 
so  that  they  also  may  be  profiteers.     Of  course  the  other 
workers  in  trades  which  fail  to  boost  prices  to  such  an 
extent  will  calmly  and  peaceably  accept  such  a  state 


of  affairs.  It  is  again  another  glaring  proof  that  the 
scientific  mind  does  not  direct  or  control  us.  Scientific 
Management  makes  humanitarianism  on  an  economic 
foundation  possible,  and  \vith  scientific  investigation 
of  effort  required  and  work  done,  a  scientific  and  humane 
basis  of  "  value  "  will  be  possible.  The  present  con- 
fusion of  thought  puts  science  and  lasting  progress  at  a 
discount  and  places  a  premium  on  force  backed  by 
sentimentahty  and  laissez-faire  economics.  Science  has 
nothing  whatever  to  do  with  bargaining,  and  as  pro- 
duction becomes  more  and  more  scientific,  force  and 
bargaining  will  gradually  be  displaced  by  truth. 

That  Scientific  Management  as  evolved  in  America 
will  not  do  in  this  country. — I  hold  no  brief  for  America, 
and  I  yield  to  none  in  my  feehng  for  this  country. 
Just  because  I  am  out-and-out  British,  the  idea  of 
quahfying  Scientific  Management  by  the  word  British 
in  order  to  distinguish  it  from  its  American  brother, 
or  rather  father,  is  to  me  most  repugnant.  The  basic 
principles  of  analysis  and  measurement  which  underUe 
Scientific  Management  are  not  national  but  universal. 
The  details  may  vary  in  all  countries,  in  fact,  must 
vary  if  Scientific  Management  be  properly  appUed. 
because  national  conditions  and  psychology'  vary  so 
much.  To  add  a  quahfying  word  to  a  basic  title  in 
order  to  indicate  difference  of  detail  seems  to  me  to 
limit  the  title,  and  Scientific  Management  must  have 
the  broadest  possible  title  because  it  stands  for  the 
broadest  possible  conception  of  management. 

I  thus  do  not  understand  Mr.  Stelhng's  over-emphasis 
of  "  British  Scientific  Management."  JMr.  Pearce  also 
thinks  that  "  W'e  should  develop  a  school  of  thought 
in  management  which  is  typically  British."  The  two 
great  Enghsh-speaking  democracies  must  come  closer 
together  in  the  interests  of  the  world.  There  must 
be  greater  appreciation  of  each  other,  and  this  kind  of 
national  bias  and  criticism  is  the  very  thing  that  causes 
us  to  get  further  apart.  Some  beheve  that  the  lack  of 
tact  on  the  part  of  American  exponents  of  Scientific 
Management  has  spoiled  a  good  thing,  but  surely  this 
is  not  the  way  to  prove  our  capacity  for  tact.  The 
American  engineers,  with  Dr.  Taylor  at  their  head, 
and  after  long  and  bitter  discouragement,  have  made 
this  question  a  very  hve  one  to-day.  The  few  British 
firms  that  have  adopted  it  in  part  prefer  to  keep  quiet 
about  it,  and  regard  it  more  in  the  nature  of  a  trade 
secret.  Secrecy  in  management  should  be  as  much 
out-of-fashion  as  secrecy  in  diplomacy.  Also  I  do 
not  quite  see  why  Mr.  Stelhng  should  expect  me  to  give 
a  paper  from  his  point  of  view.  The  representation 
of  Scientific  Management  is  not  a  repetition  job.  There 
are  endless  ways  of  presenting  it  and  I  have  done  it  in 
my  own  way  and  am  very  glad  he  has  apparently  an 
entirely  different  way.  In  \-iew  of  what  I  have  already 
said  in  this  reply,  it  is  hardly  necessary  to  explain  again 
why  I  have  not  mentioned  British  experts.  There  was 
never  any  intention  on  my  part  to  shght  or  depreciate 
their  work.  This  disincUnarion  to  recognize  that  any 
good  thing  can  come  out  of  America  or  in  fact  out  of 
any  other  country — except  perhaps  Germany  in  pre- 
war days — is  a  dangerous  mental  attitude  to  encourage. 
Let  us  learn  everything  we  possibly  can  from  America, 
and  while  we  delete  what  is  bad  for  us,  let  us  be  glad 
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and  not  grudging  of  the  good.     We  are  a  big  people, 
let  us  act  with  dignity  and  not  as  a  petty  little  country. 

Criticism  of  my  Scheme  of  National  Committees. 
Mr.  S.  Mavor  misunderstands  me,  because  I  certainly 
do  not  advocate  that  Scientiiic  Management  should 
be  imposed  on  us  by  the  Government.  What  I  believe 
is  that  the  employers'  federation  and  the  trade  unions 
must  first  agree  about  it  and  then  go  to  the  Government 
to  have  it  legalized.  I  cannot  do  better  than  quote 
Mr.  Paton  at  INIanchester — "  When  an  economic  truth 
is  estabhshed  in  industry  its  value  should  not  be  left 
to  voluntary  acceptance  by  a  community  incompetent 
to  appreciate  it."  The  consumer's  interests  must  be 
protected  as  well  as  the  producer,  and  this  would  be 
the  chief  function  of  the  Government.  Without  this 
protection  we  would  approach  very  close  to  the  dictator- 
ship of  the  producers,  namely  the  "  syndicaUst  "  or 
the  "  Soviet  "  systems,  in  wliich  the  powerful  industries 
— if  masters  and  men  agreed — could  dominate  the  country 
and  even  the  present  semblance  of  democracy  would 
disappear.  I  agree  these  are  only  tendencies,  but  in 
industrial  and  political  movements  tendencies  are  all 
important.  Few  have  discussed  this  question  of 
national  committees.  It  is  evident  the  pohtical  aspect 
does  not  arouse  the  greatest  interest,  which  is  easily 
understood  but  is  regrettable.  Until  engineers  and 
scientific  men  do  take  an  interest  in  poUtics,  the  politician 
will  continue  to  be  very  unscientific.  IVIr.  JMensforth 
dismisses  my  scheme  and  considers  we  have  already 
arrived  at  just  such  a  stage.  Mr.  Paul  and  Mr.  S.  Mavor 
do  not  think  it  advisable  in  the  meantime,  and  Messrs. 
Bunting,  Huntley,  Soper,  and  Major  Pells  seem  to 
think  that  I  advocate  progress  from  the  top  downwards. 
They  say  it  must  start  in  the  individual  shops.  Now 
my  idea  of  the  national  committees  is  that  they  are 
equivalent  to  standardization  committees  and  will 
deal  with  the  lowest  common  denominator  of  all  the 
problems  in  all  the  indi\ddual  shops.  Unless  this. is 
done  it  is  impossible  to  arrive  at  any  national  standards 
and  each  individual  firm  will  require  to  do  almost  the 
same  work  as  other  firms.  No  national  rate-fixing  would 
be  possible,  in  fact  no  national  organization  would  be 
possible.  The  territorial  committees  simply  examine 
the  national  standards  and  create  district  factors  where 
necessary.  The  shop  committees  do  the  same  for  each 
shop.  The  national  committees  would  investigate, 
experiment  and  initiate  standards.  They  would  do 
most  of  the  research  in  laboratories  and  specially  selected 
works,  as  Mr.  Soper  points  out.  The  other  committees 
would  be  principally  concerned  with  the  application 
of  these  standards.  It  is  impossible  for  the  individual 
firms  to  do  the  necessary  research,  and  even  if  they 
had  the  means  it  would  be  most  extravagant.  The 
application  of  Scientific  Management  on  a  national 
scale  must  be  on  scientific  principles.  The  two  functions 
of  research  and  application  are  clearly  pointed  out  b\- 
Major  Pells  and  still  he  thinks  I  am  wrong.  Dr.  Taylor 
told  me  he  believed  a  centralized  Government  Depart- 
ment would  eventually  do  the  research  and  create  the 
standards.  The  apphcation,  of  course,  can  only  be 
done  by  the  individual  firms.  I  think  there  would  be 
less  confusion  if  we  did  not  talk  of  "  up  "  and  "  down," 


concei^'ing  thereby  a  pyramid  ^vitll  the  Government 
at  the  apex  and  the  firms  at  the  base.  Think  of  all 
in  one  plane,  with  the  Government  at  the  centre  and 
the  workshops  at  the  circumference.  The  conception 
of  centrifugal  rather  than  centripetal  progress  seems 
the  more  understandable. 

Employers'  Federation  and  Labour  Questions.— K 
good  suggestion  is  made  by  Major  Richardson  regarding 
the  possibiUty  of  the  British  Electrical  and  Allied 
Manufacturers'  Association  extending  its  activities 
and  tackling  the  problem  of  workshop  methods.  Mr. 
Atkinson  also  suggests  that  this  Institution  and  similar 
institutions  and  the  Joint  Industrial  Councils  could 
do  good  work  in  this  direction.  I  have  little  doubt 
that  as  far  as  the  electrical  industry-  is  concerned, 
the  B.E.  A.M.  A.  could  do  valuable  work  in  this  important 
field,  but  unfortunately  the  Engineering  Employers' 
Federation  is  so  jealous  of  what  it  claims  is  its  very 
special  preserve,  namely  everything  affecting  labour, 
that  it  will  not  tolerate  any  modern  rivals  such  as  the 
B.E. A.M. A.,  the  British  Engineers'  Association,  or  even 
the  great  Federation  of  British  Industries,  whose  states- 
manlike proposals  on  unemployment  it  easily  managed 
to  stifle  and  render  abortive  a  j-ear  or  two  ago.  Un- 
fortunatelv  in  the  council  chambers  of  the  employers  we 
still  have  too  many  men  who  belong  to  the  old  school, 
men  who  are  still  imbued  with  the  warring  instinct 
and  still  beheve  in  strikes  and  lock-outs.  The  rising 
generation  of  employers  \rill  almost  all  know  what  real 
war  is,  and  they  ha\'e  had  enough  of  it.  Thej-  have  a 
broader  outlook,  but  these  younger  men  do  not  have 
enough  say  in  any  of  these  most  vital  problems,  and 
their  keener  \-ision  and  better  feelings  have  much  less 
scope  than  is  in  the.  national  interest.  The  organiza- 
tion of  national  district  and  shop  committees  proposed 
in  this  paper  is  practically  identical  with  that  of  the 
Whitley  scheme,  but  I  do  not  see  how  the  same  com- 
mittees could  do  this  work.  The  \\Tiitley  committees 
are  not  necessarily  expert  but  composed  of  men  of 
general  experience  and  knowledge.  Committees  on 
Scientific  Management  must  be  expert  in  engineering 
practice  and  industrial  fatigue.  Such  committees 
could  co-operate  with  and  be  affihated  to  these  general 
committees.  Being  expert,  the  members  would  have 
to  be  carefully  selected  by  the  employers'  federation 
and  the  trade  unions,  and  anj'  further  selection  bj^  the 
voting  of  all  employers  and  employees  would  require 
to  be  simply  a  choice  of  two  or  more  experts.  Mr. 
Carter  points  out  that  the  technical  and  management 
staffs  have  been  entirely  overlooked  in  the  M'hitley 
scheme.  This  is  what  we  would  expect  from  the  birth 
of  this  scheme,  but  this  serious  defect  is  fully  realized 
and  INIr.  Whitley  hopes  it  may  be  put  right  in  the  near 
future.  Without  question  the  staff  is  in  a  very  favourable 
position  to  act  as  liaison  officer  between  capital  and 
labour,  and  it  has  a  great  opportunity  to  gain  both  the 
power  and  prestige  which  it  should  possess  but  which 
up  to  now  it  has  never  enjo^-ed. 

Wider  Education  Necessary. — I  agree  with  Mr. 
Hannay  that  I  have  rather  neglected  the  question  of 
education.  I  did  not  forget  it  at  the  time,  but  I  was 
concerned  at  increasing  the  length  of  my  paper.  I 
now  see  I  should  not  have  omitted  it  because  it  is  one 
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of  the  most  important  factors  governing  the  situation. 
Scientific  Management  requires  special  teachers  and 
colleges  for  the  training  of  expert  staff  officers  and  of  the 
capitaUst  employers  themselves.  As  pointed  out  by  iMr. 
J.  Richardson  we  have  at  present  very  few  of  such  men, 
and  a  movement  for  specialization  in  this  field  has  only 
just  started.  Manchester  University  is  to  be  congratu- 
lated on  ha\ang  tackled  the  matter  thoroughly.  Glasgow 
University  has  now  a  lectureship  in  Engineering  Produc- 
tion as  pointed  out  by  IMajor  Nicholson.  That  of  course 
is  not  enough  but  it  is  always  a  beginning.  As  univer- 
sities do  not  advertise  very  much,  I  am  not  aware  of 
what  is  being  done  in  London  and  bv  the  other  univer- 
sities. England  is  probablv  the  greatest  worshipper  of 
tradition  in  all  the  world.  It  still  dominates  her 
great  pubhc  schools  and  universities,  her  law  courts, 
her  pohtics  and  her  church.  Science  has  fought  hard 
for  a  foothold  but  has  not  yet  won  it.  We  are  wor- 
shippers of  the  dead  just  like  the  Chinese,  but  we  do 
not  know  it.  We  are  still  ruled  bj-  the  dead  hand  and 
the  dead  ideals  of  civiUzations  inferior  to  our  own 
in  science  and  social  ethics.  Science  has  within  very 
recent  times  placed  the  whole  world  at  our  feet  and  we 
are  blind  and  dull  and  our  attitude  towards  it  is  very 
like  that  of  the  man  with  the  muck-rake.  Our  schools 
and  colleges  are  starved  of  money  for  scientific  labora- 
tories, teachers  and  research,  because  pohticians, 
public  men,  and  public  opinion  are  unscientific  and 
the  church  anti-scientific.  Research  is  the  very  hfe 
of  science.  There  are  two  distinct  branches,  and  one 
is  now  being  tackled  by  the  Government  in  co-operation 
with  industry.  It  is  the  utilitarian  branch,  namely 
research  along  certain  definite  hnes  in  order  to  improve 
and  cheapen  production.  It  seems  right  that  industry 
itself  should  carry  out  this  work,  but  such  research 
alone  is  not  enough  and  will  never  carry  us  where  we 
can  go  if  we  have  the  will.  The  higher  research  is 
not  concerned  with  production  or  industry  but  solely 
with  discoverng  more  truth  and  broadening  the  field 
■of  knowledge,  without  which  progress  in  entirely  new 
and  unknown  directions  is  hardly  possible.  This 
requires  scientific  genius  and  much  money  for  experi- 
ments, which  are  so  often  a  groping  in  the  dark,  redeemed 
at  long  intervals  and  after  much  toil  and  expense, 
by  a  great  discover}'.  Few  commercially-minded 
public  men  thinking  of  di\-idends  and  few  Governments 
thinking  of  taxes  and  votes  can  possibly  have  the 
scientific  attitude  and  vision  to  see  the  necessity  of 
spending  money  for  heaven  only  knows  what.  We 
are  such  a  short-range  practical  people  that  we  seem 
to  have  no  means  of  grasping  the  possible  value  of 
anything  yet  unknown.  Unhke  the  Greeks  we  pay 
Tio  homage  to  an  unknown  God.  Scientific  Manage- 
ment demands  new  ideals  concerning  industry  and  labour, 
and  consequently  it  is  much  easier  to  start  with  the 
young,  who  have  less  old  ideas  to  be  eradicated,  before 
progress  can  be  made.  Scientific  Blanagement  requires 
a  new  mental  or  internal  attitude,  and  it  is  the  endeavour 
to  graft  a  kind  of  new  external  system  on  to  these  old 
innate  conceptions  that  has  caused  so  much  trouble 
in  America.  The  new  idea  must  go  right  down  to  the 
furthest  roots.  Because  Scientific  Management  has 
been   so    slandered    and    misrepresented,    due    to    mis- 


apphcation,  it  has  naturally  not  attracted  enough  of 
the  best  attention  so  as  to  demand  proper  education. 
If  we  can  create  a  better  atmosphere  which  will  make 
it  possible  for  the  majority  to  realize  that  there  is 
something  true  and  consequently  good  in  Scientific 
Management,  then  there  will  arise  a  demand  for  education 
which  will  cause  things  to  happen.  All  this  of  course 
refers  mostly  to  the  management  staff.  Regarding 
the  workers,  it  seems  the  wise  tiling  to  do,  as  pointed 
out  by  Mr.  Booker,  to  make  a  start  meantime  with 
the  apprentices.  Classes  must  also  be  started  for  them 
in  evening  schools  and  technical  colleges,  but  much 
can  be  done  in  the  works.  In  large  works  where  there 
are  schools  for  apprentices,  much  can  be  done  by  the 
cinematograph  to  teach  quickly  the  proper  positions 
and  methods  of  worldng,  and  progress  of  individuals 
can  be  quickly  checked  and  corrected  by  means  of 
these  instruments  alreadj-  developed,  and  records  of 
which  I  have  given  in  my  paper.  The  teaching  and 
instruction  must  not  be  by  rule-of-thumb  but  bj' 
scientific  methods.  The  problem  of  efficient  rate- 
fixing  is  a  very  difficult  one  because  we  must  continue 
to  use  the  present  rate-fixers  trained  under  rule-of- 
thumb  methods.  Much  that  is  now  called  rate-fixing 
is  just  more  or  less  guess-work.  There  is  a  sporting 
chance  between  masters  and  men  of  getting  the  better 
of  one  another.  It  seems  acceptable  to  both,  and  on 
the  whole  workable,  as  both  sides  seem  to  come  out 
about  even  in  the  end.  It  is  demorahzing  to  masters 
and  men  to  fix  rates  in  this  manner,  and  it  is  useless  to 
expect  enough  capable  rate-fixers  until  rate-fixing  is 
recognized  as  a  science,  and  Scientific  Management  is 
the  only  system  of  management  that  does  that. 

Because  Scientific  Management  recognizes  that  rate- 
fixing  is  a  science  rather  than  an  art  and  therefore 
sets  about  fixing  rates  in  a  scientific  manner,  there  is 
not  the  same  chance  of  making  serious  miscalculations 
as  so  often  happens  with  the  present  system  of  guessing. 
If  the  men  consider  the  times  allowed  are  too  short, 
the  matter  is  quickly  adjusted  by  referring  to  the 
elementary  time  analysis.  This  usually  convinces  the 
man,  but  if  there  is  an  error  against  the  men  it  must 
be  rectified,  while  if  it  is  against  the  employer  it  must 
remain.  Mr.  Ranft  objects  to  my  use  of  the  word 
"easy"  in  connection  with  such  disputes,  but  I  still 
claim  that  Scientific  Management  provides  a  very  easy 
solution  of  all  such  troubles,  as  compared  with  other 
unscientific  systems  of  rate-fixing.  It  is  an  interesting 
psychological  fact  that  when  workers  are  asked  to 
estimate  elemental  times,  they  invariably  underestimate 
them,  while  claiming  the  total  time  to  be  too  short. 
As  an  instance,  3,000  hours  were  allowed  for  a  job  in 
a  shipyard  and  the  men  demanded  5,000  hours.  The 
job  was  examined  in  detail  with  the  men,  who  were  asked 
to  give  their  times  for  the  various  elements  of  the  job. 
The  sum  of  the  times  given  by  the  men  totalled  1,700 
hours  as  against  their  claim  of  5,000  guessed  for  the 
total.  The  time  allowed  of  3,000  hours  was  based 
on  average  men  doing  the  job  in  2,000  hours  and  thus 
earning  25  per  cent  bonus  on  their  previous  wages. 

I  would  also  point  out  that  the  medical  profession 
have  still  to  be  trained  in  the  special  field  of  industrial 
pathologj'  and  h^-giene,  including  psychology,  and  that 
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all  public  men,  including  especially  politicans,  should 
have  to  know  something  of  economics  and  sociology. 
That  we  are  moving  quickly  in  this  direction  is  proven 
by  the  proposed  establishment  of  a  National  Institute 
of  Psychology.  To  quote  Dr.  Myers  of  Cambridge, 
"  It  will  determine  in  individual  factories  and  offices 
the  best  methods  of  reducing  fatigue  and  monotony, 
of  selecting  workers  for  the  occupations  for  which  they 
are  mentally  and  physically  best  fitted,  and  of  dis- 
tributing the  hours  of  work  and  rest  ;  it  will  provide 
training  courses  in  industrial  psychology  and  physiology, 
study  the  psychological  relations  between  nianagement 
and  labour,  and  spread  the  general  results  of  its  work." 
In  addition  to  this  special  vocational  education  we 
of  course  require  a  much  broader  general  education, 
especially  for  the  workers,  and  taught  in  a  scientific 
manner,  otherwise  increased  leisure  will  not  mean  higher 
standards  but  will  only  produce  idleness.  This  state 
of  affairs  seems  somewhat  of  a  vicious  circle,  but  I 
believe  the  nation  must  take  the  risk  of  giving  the 
opportunity  first  before  the  workers  are  fully  ready  to 
make  good  use  of  it.  If  this  opportunity  of  lugher 
wages  and  more  leisure  is  withheld  until  the  workers 
have  been  educated  to  make  good  use  of  it,  then  it  is 
likely  to  come  too  slowly,  because  without  means  and 
time  for  education — which  should  include  travel  as 
well  as  book  learning — little  higher  education  is  possible. 
We  must  therefore  put  our  faith  and  our  money  on  the 
rising  generation  and  be  prepared  to  let  the  present 
generation  waste  and  misspend  their  extra  time  and 
money  if  they  feel  inclined  that  way.  As  the  late 
Benjamin  Kidd  argues,  we  have  the  capacity  to  take 
on  an  entirely  new  social  orientation  in  one  generation 
if  we  only  will  it.  Without  such  faith,  the  rising  genera- 
tion is  always  penalized  because  of  the  fear  that  the 
present  generation  will  misbehave.  As  we  are  ruled  by 
the  older  generation,  they  I  suppose  know  how  bad  they 
have  been  and  are  capable  of  being,  but  the  younger 
people  do  not  take  kindly  at  all  to  this  old  idea  of  innate 
badness.  The  war  has  proved  that  young  human  nature 
is  something  finer  than  their  elders  were  willing  to  admit. 
Machine-Tool  Makers  and  Scientific  Management. — A 
ver}'  good  suggestion  is  made  by  Mr.  Robinson,  that 
machine-tool  makers  should  consider  it  their  duty  to 
supply  proper  time-study  data  with  their  machines. 
With  the  national  adoption  of  Scientific  Management 
much  investigation  would  be  carried  out  in  co-operation 
with  the  machine-tool  makers.  There  is  no  question 
that  it  would  still  further  improve  and  standardize 
machine-tool  design.  Dr.  Taylor  was  instrumental 
in  effecting  many  improvements  in  machines,  not  to 
speak  of  his  epoch-making  discovery  of  high-speed  steel. 

The  Psychology  of  the  Attitude  Towards  Scientific 
Management. 
As  the  whole  situation  regarding  Scientific  Manage- 
ment is  psychologically  interesting,  and  as  my  plea 
is  that  we  are  near  the  psychological  moment  when 
Scientific  Management  can  be  adopted  on  a  national 
scale  in  this  country,  it  seems  to  be  relevant  briefly 
to  put  on  record  my  opinions  regarding  the  reception 
of  this  paper,  as  it  may  form  a  fairly  representative 
diagnosis  of  the  attitude  of  engineers  throughout  this 


country   to   this  subject   at  the   present   date.     I   will 
give   my   opinions   in   the   order   I    formed    them.     In 
Glasgow  we  have  had  good  papers  on  the  subject  and 
several  discussions,  and  there  is  little  question  that  most 
of  the  younger  generation  and  many  of  the  older  are 
thoroughly  interested.     In  pre-war  days  the   mention 
of  it  at  an  engineering  meeting  produced  no  interest 
or   discussion — only   scorn.     In   London   the   reception 
was  decidedly  mixed,  as  one  would  expect,  due  to  the 
greater  diversity  of  critics  both  as  regards  years  and 
training,  and  there  was  not  enough  time  for  all  who 
wished  to  speak.     In  Manchester  much  of  the  criticism 
was  of  the  scornful  order,  and  if  Manchester  is  representa- 
tive of  Lancashire,  there  is  little  doubt  that  the  greatest 
manufacturing  district  in  the  world  still  sticks  to  the 
same  kind  of  economic  gun  as  that  designed  in  1846. 
I   do  not  believe,   however,   that  the  majority  of  the 
meeting  backed  up  the  critics.     Some  of  the  younger 
men  told  me  they  were  all  with  me,  but  the  discussion 
ha\-ing   started    off   very   anti,    practically,  maintained 
itself  so.     The   first  few  speakers  are   very  important 
and  the  rest  often  seem  to  follow  more  or  less  the  same 
lead,  and  those  who  would  hke  to  champion  the  opposite 
view  seem  to  lose  courage.     So  few  men   hke  being  in 
a   minority,  and  especially   one  publicly   exposed.     In 
Birmingham,   where   they   have   probably   heard   more 
about  Scientific  Management,  the  attitude  was  serious- 
and  interested.     The  Birmingham  engineers  were  keen 
and  anxious  to  get  at  the  truth.     At  Newcastle  the 
attitude  was  much  like  Glasgow.     Excluding  London,, 
which    we    will    consider    as    neutral — equally  for   and 
against — although  I  feel  that  the  majority  were  really 
for    Scientific    Management,    out   of    the   four    largest 
provincial   engineering   cities   three   were   decidedly   in 
favour  of  further  progress  along  the  lines  of  Scientific 
Management,  and  the  fourth  will  be  when  the  younger 
men  have  the  courage  to  tackle   the    1846   laissez-faire- 
gentlemen.     Mr.  Carter  seems  to  think  that  such  pubhc 
meetings    are   likely  to  produce  less  results  than  quiet 
talks   to   individuals.     That   "  a   strong  impression   on 
a  few  minds  would  be  very  much  more  important  .   .   . 
than  a  weak  opinion  on  a  larger  number."     I  entirely 
agree  with  this  last  sentence,  but  the  problem  of  creating 
a  "  strong   impression  "   is   often   much   more  difficult 
with  a  few  people  than  with  a  larger  audience.     Enthu- 
siasm is  more  easily  produced  in  a  crowd,  and  by  that 
means  the  few  minds  in  the  crowd  may  be  more  strongly 
impressed    than    if    they    were    tackled    individually. 
Again,  some  speakers  find  it  more  easy  to  speak  enthu- 
siastically to  a  large  number  because  it  is  less  personal 
and  the  numbers  produce  greater  mental  stimulation. 
The  mental  and  emotional  action  and  reaction  is  on  a 
larger   scale.     W'e    must   surely    carry   on   propaganda 
by  both  methods,  but  my  contention  is  that  if  we  leave 
all  the  pubhc .  speaking  to  lawyers   and   politicians  it 
will  be  quite  impossible  to  create  a  public  opinion  in 
favour   of   science   as  opposed   to   mere   tradition.     In 
conclusion,    I    would   ask   for   lenient   consideration   if 
I    have    overlooked    any  suggestion   made  or  ignored 
any   point  raised,    because   any   such   omission   is   not 
intentional.     I  should  also  like  to  say  to  those  who  difier 
from  me  that  as  they  hit  hard,  so  I  hit  back  in  reply,  but 
I  much  prefer  hard  hitting  to  apathy  and  indifference. 
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{Paper  received  17  January,  and  read  at  a  Wireless  Sectional  JIeeting  of  The  Instiiutiox,   18  February,   1920.) 


M'ireless  telephony  in  aeroplanes  having  been  born 
in  the  Great  War,  and  ha\'ing  been  developed  under  that 
terrific  stimulus,  it  is  hard  to  approach  the  subject  except 
from  this  standpoint,  or  to  avoid  the  historical  method 
of  treating  it.  It  is  impossible  in  this  paper  to  make 
more  than  a  very  brief  sur\'ey  of  a  large  subject,  but 
the  author  trusts  that  it  may  be  of  interest  to  gi\"e  some 
account  of  its  genesis,  and  of  how  the  technical  difficulties 
were  met  and  conquered. 

The  subject  of  wreless  telephony  is  in  itself  a  com- 
bination of  two  others,  namely,  telephony  as  understood 
in  ordinary  line  working,  and  \\ireless  telegraphy 
with  its  group  of  associated  problems.  The  present 
paper  wiU  treat  both  of  these  as  well  understood,  and 
wll  be  confined  mainly  to  the  special  application  of 
wireless  telephony  to  aircraft,  with  which  the  author 
was  so  closely  associated. 

After  the  outbreak  of  war,  while  carrj-ing  on  experi- 
ments at  Brooldands,  mainly  with  a  vie%v  to  producing 
a  continuous- wave  valve  transmitter  sufficiently  simple 
and  practical  to  be  used  in  the  air  by  unskilled  personnel, 
the  author  was  struck  by  the  great  advantage  which 
would  be  gained  by  the  use  of  articulate  speech  instead 
of  Morse,  if  it  were  possible,  for  artillerj'  observation  and 
reconnaissance.  It  was  ob\-ious  that  a  fleeting  target 
would  be  more  quickly  indicated,  or  a  location  described 
by  word  of  mouth,  than  by  a  system  of  slow  and  laborious 
telegraphy  and  map  references. 

A  skeleton  set  was  made  up  and  tried  in  the  air, 
and  at  the  first  attempt  some  approximation  to  inteUi- 
gible  speech  was  ^ecei^■ed. 

This  was  in  the  summer  of  1915,  and  it  is  believed  to 
be  the  verj'  first  occasion  in  the  world  when  wireless 
speech  was  received  from  an  aeroplane. 

In  spite  of  this  initial  success,  the  difficulties  in  the 
way  of  producing  good  articulation,  and  a  hght  and 
practical  set,  appeared  to  be  almost  insuperable ; 
but  they  were  gradually  surmounted,  and  to-day  good 
telephony  is  possible  not  only  from  air  to  ground,  but 
from  ground  to  air,  and — most  difficult  problem  of  all 
— from  machine  to  machine. 

At  that  period  the  soft  valve  was  in  use,  with  a  lime- 
coated  platinum  filament,  and  the  handUng  of  this  by 
unskilled  persons  was  one  of  the  greatest  difficulties. 
Except  for  this  the  purely  electrical  difficulties  have 
throughout  been  far  less  serious  than  the  telephonic, 
practical,  and  mechanical  ones. 

In  the  first  place  the  transmitter  must  work  in  a 
region  of  intense  noise,  vibration,  and  often  violent  air 
disturbances,  in  which  even  the  real  hunran  voice  is 
unable  to  speak  to  the  human  ear  over  a  greater  distance 
than  a  very  few  inches  ;  in  which  the  velocities  of  the 
air  currents  are  alone  enough  to  cause  distortion,  and 
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the  very  muscles  of  the  face  can  hardly  retain  their 
true  shape  under  the  var\'ing  wind  pressures. 

When  it  is  remembered  that  imder  these  extreme 
conditions  speech  has  to  be  converted  into  current 
modulations,  these  modulations  radiated,  received, 
i^ectified,  magnified,  reconverted  into  sound,  and  again 
heard  by  a  human  ear  set  amid  a  similar  uproar,  the 
final  achievement  of  inter-machine  telephony  will  be 
appreciated. 

In  the  early  stages  the  difficulties  of  reception  of 
speech  in  the  air  were  so  great  that  only  transmission 
from  air  to  ground  was  attempted,  and  the  first  practical 
set  evolved  was  a  transmitter,  capable  of  emplojdng 
either  speech,  continuous  wave,  or  interrupted  con- 
tinuous wave  (subsequently  called  "  tonic  train  "). 

The  circuits  employed  are  shown  in  Fig.  r. 

It  will  be  seen  that  it  was  essentially  a  self-contained 
oscillating  system,  to  which  the  aerial  was  loosely 
coupled.  The  microphone  was  inserted  in  the  earth- 
lead,  and  modulated  the  radiation  by  varying  the 
resistance  of  the  aerial.  The  valve  was  not  in  view, 
but  the  set  was  provided  with  three  meters,  A  showing 
the  aerial,  a  the  filament,  and  M  A  the  high-tension  feed 
currents  ;  the  readings  of  which  gave  aU  the  information 
necessary-  to  make  the  adjustments.  The  plug  (P) 
served  to  bring  into  action  either  the  microphone  (M), 
buzzer  (B),  or  to  complete  the  circuit  of  the  artificial 
aerial  {A  A).  If  not  plugged  in,  the  set  worked  as  a 
plain,  continuous  wave-transmitter.  The  key  was 
mounted  on  the  top  of  the  set,  which  was  suspended 
by  a  three-point  rubber  suspension.  High-tension 
current  was  supphed  at  600  volts  from  a  dry  battery 
of  small  ceDs,  weighing  about  36  lb.,  made  up  in  a  flat 
form  and  usually  carried  under  the  footboards. 

The  microphone  used  was  selected  from  a  variety 
of  ground  types  and,  originally,  was  suspended  on 
rubber  in  a  frame  held  in  the  hand. 

Some  of  the  best  ground  microphones  proved  useless 
in  the  air,  and  the  choice  finally  rested  on  an  old-type 
Runnings  Cone.  It  is  interesting  to  note  that  it  is 
almost  impossible  to  predict  from  its  behaviour  on  the 
ground  whether  any  particular  microphone  or  tj'pe 
of  microphone  will  work  satisfactorily  in  an  aeroplane  ; 
and  in  the  Royal  Pdr  Force  everj'  individual  instrument 
was  tested  actually  in  the  air. 

The  set  above  described  weighed,  without  batteries, 
10  lb.  It  was  used  on  a  trailing  aerial  250  feet  long 
and  employed  a  wave-length  of  approximately  300 
metres,  not  \-ery  far  removed  from  the  natural  wave- 
length of  the  aerial.  In  consequence,  the  radiation  was 
very  good.  On  one  occasion  when  the  author  was 
giving  a  demonstration  before  the  late  Lord  Kitchener 
at  St.  Omer  in  February  1916,  the  spoken  messages  were 
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picked  up  and  recorded  by  the  Lowestoft  interception 
station  at  a  distance  of  over  loo  miles,  although  the 
aerial  current  in  the  transmitting  aerial  was  less  than 
0-25  ampere. 

The  author  was  admirably  assisted  in  the  production 
of  this  set  by  Lieutenant  (now  Captain)  McDougald, 
R..\.F.  ;  and,  remembering  that  it  was  the  first  practical 
aeroplane  telephone  ever  produced,  and  in  the  alternative 
use  of  various  tj-pes  of  transmission  it  anticipated  the 
latest  international  regulations,  he  cannot  dissemble 
a  feehng  of  satisfaction  that  the  British  Royal  FMng 
Corps  was  the  pioneer  in  a  subject  which  has  subsequently 
become  of  international  importance. 


Fig.  I. 

This  transmission  was  at  first  received  on  the  ground 
on  a  ]Marconi  double  magnification-circuit  in  which  a 
single  soft  valve  was  employed  for  both  high-frequency 
and  low-frequency  magnification,  a  carborundum  crystal 
being  used  for  rectification.  Reaction  was  used  to 
the  utmost,  and  great  sensitiveness  was  obtained.  The 
ordinary  working  hmit  of  range  from  air  to  ground  was 
about  20  miles  for  telephony,  30  to  35  for  tonic  train, 
and  about  double  this  distance  for  pure  continuous-wave. 

At  this  time,  although  experiments  in  telephony  were 
continually  proceeding,  it  was  thought  that,  in  view  of 
the  dif&culty  of  receiving  speech  in  the  air,  it  would 
prove  most  practical  for  immediate  requirements  to 
transmit  to  the  air  by  ]Morse  only,  and,  to  this  end,  the 
author  made  up  a  valve   receiver  with  one  soft  valve. 


with  practically  similar  circuits  to  the  ground  set.  This 
was  tested  in  the  autumn  of  1916,  and  ranges  of  from 
30  to  50  miles  were  obtained  from  a  J  kw.  spark  set 
It  was,  as  a  matter  of  fact,  on  this  receiver  that  inteUi- 
gible  speech  was  first  heard  in  the  air  and  the  idea  of 
"  remote  control  "  originated.  Its  adjustments  proved, 
however,  rather  difficult  for  unskilled  personnel. 

The  overseas  Forces,  nevertheless,  did  not  for  a  long 
time  make  any  use  of  air-to-ground  telephonv,  although 
just  before  the  Armistice  a  meeting  of  the  Higher 
Commands  recommended  its  introduction  for  reconnais- 
sance and  similar  work,  as  originally  suggested  in  1915. 
An  urgent  demand  arose,  however,  for  telephonic 
communications  between  machines  in  the  air,  and  all 
energies  were  devoted  to  solving  this  far  more  dii£cult 
problem. 

In  considering  the  apphcation  of  wireless  to  aircraft 
it  is  important  to  remember  that,  besides  working  under 
difficult  conditions,  it  was  necessarily  operated  either  by 
quite  unskilled  personnel,  or  by  those  who  could  only 
receive  a  very  slight  training.  It  was  tlris,  also,  that 
favoured — nay  even  made  essential — telephony  as. 
against  telegraphy.  The  average  pilot  or  observ^er 
could  not  have  sufficient  acquaintance  with  Morse  to 
read  it  subconsciously,  nor  had  he  the  time  or  inclina- 
tion for  it  amid  the  multifarious  calls  on  his  attention 
while  flying.  Thus,  although  it  would  have  been  far 
easier  to  equip  him  with  INIorse  communication,  it  was 
practically  useless.  For  various  reasons,  also,  there 
was  for  a  long  time  no  demand  for  both-way  working,, 
and  a  machine  was  equipped  either  for  transmission 
(for  the  leader  to  give  orders),  or  reception  (for  his 
formation  to  receive  them). 

For  similar  reasons  it  was  necessary  to  eliminate  all 
possible  adjustments  ;  and  to  show  to  what  extent 
this  was  successfully  achieved,  it  may  be  briefly  stated 
that  the  transmitting  apparatus  had  none,  and  the 
receiving  apparatus  only  two,  one  of  which  was  seldom 
touched. 

As  always,  easy  working  implied  difficult  designing, 
and  it  may  be  interesting  to  trace  a  few  of  the  steps 
that  led  up  to  the  chosen  methods. 

The  problem  was  rendered  easier,  because  by  this 
time  the  general  advance  had  provided  us  with  a 
reliable,  small,  hard  transmitting  valve  of  French  type, 
capable  of  handling  about  20  watts,  and  similar  valves 
with  slightly  more  open  grid  for  use  in  reception. 

Dealing   first   with   the   transmitting   apparatus,    an 

ordinary'  reaction  or  regenerative  circuit  provided  the 

radio  power  ;    and  the  only  electrical  difficulty  was  the 

[    choice  of  the  best  method  out  of  the  many  alternatives 

of  applying  the  voice  modulations. 

The  coupled-circuit  system  alreadj'  described,  although 
giving  very  perfect  results  for  small  power,  was  ruled 
out  on  account  of  the  coupling  and  tuning  adjustments 
and  its  output  limitations. 

The  following  simpler  circuit,  devised  bv  the  author, 
was  also  abandoned,  but  as  it  is  not  uninteresting  it  may 
be  worth  describing. 

In  this,  a  condenser  of  about  0-05  mfd.  capacity  was 
placed  in  the  earth  lead  of  a  simple  oscillator.  Its  in- 
sertion or  short-circuiting  produced  little  difference  in 
the  aerial  current;    but  if  a  microphone  was  connected. 
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across  it,  the  loss  of  energy  in  this  was  equivalent  to  an 
alteration  in  the  total  resistance  of  the  aerial,  and  by 
choosing  suitable  constants  and  adjustments  good  varia- 
tion could  be  obtained  and  "  breaking  "  avoided.  It 
has  a  critical  reaction  adjustment,  and  also  tends  rather 
seriously  to  change  the  wave-length  as  well  as  the 
intensity  of  the  radiation,  so  that  it  can  give  good  or 
bad  speech  according  to  the  adjustment  of  the  receiver, 
for  reasons  about  to  be  described. 

In  comparing  different  means  of  modulation,  in  every 
known  method  (as  far  as  the  author  is  aware)  varia- 
tions of  intensity  or  output  are  always  accompanied  by- 
some  change  of  wave-length,  and  the  receiver  can  be 
adapted  to  take  advantage  of  one  or  the  other  factor, 
so  that,  strictly  speaking,  any  type  of  transmission  should 
be  considered  in  relation  to  its  reception.  Thus,  for 
instance,  a  receiver  in  which  reaction  is  relied  on,  with 
a  verj'  steep  and  peaky  resonance  curve,  is  peculiarly 
sensitive  to  wave-length  changes  ;  whereas  the  modem 
type   of  flatly  tuned  high-frequency   amplification  re- 


must  be  considerable  distortion  of  speech  quality,  since 
the  true  proportionality  is  lost. 

To  return,  after  this  digression,  to  our  point  of 
departure,  no  method  of  controlling  the  radiation 
directly  by  the  microphone  proved  free  from  grave 
disadvantages,  and  the  choice  therefore  fell  on  some 
form  of  indirect  control,  of  which  the  most  obvious  was 
the  placing  of  a  microphone  transformer  in  the  grid 
of  the  oscillating  valve.  This,  though  giving  very  good 
results,  was  abandoned  in  favour  of  the  final  arrange- 
ment about  to  be  described  and  now  generally  known 
as  "  choke  control,"  in  which  the  modulation  is  applied 
to  the  anode  circuit  of  the  control  valv-e. 

The  principle  of  this  system  may  be  made  most  clear 
by  approaching  it  step  by  step. 

Let  us  suppose  that  in  the  anode  feed  circuit  of  a 
simple  valve  oscillator  is  placed  the  secondary  winding 
of  an  ordinary-  step-up  transformer,  the  primary  of  which 
is  a  microphone  and  battery  circuit  (Fig.  2).  The 
variations  produced  by  the  voice  will  give  rise  to  changes 


Fig.  2. 


ceiver,  ipso  facto,  takes  no  account  of  this,  but  responds 
alone  to  changes  of  amplitude  or  intensity. 

In  practice  both  factoi's  can  be  laid  under  contribu- 
tion at  the  receiving  end,  though  probably  the  ideal 
method   of   modulation   would   change   intensity   only. 

In  any  system  in  which  the  change  of  wave-length 
preponderates,  good  or  bad  articulation  can  actually 
be  produced  on  a  reaction  receiver  according  to  the 
slope  of  the  resonance  curve  on  which  the  adjustment 
is  made. 

When,  in  any  receiver,  reaction  is  pushed  to  the 
utmost  short  of  oscillation,  the  resonance  curve  becomes 
amazingly  steep  and  the  sensitiveness  very  great,  and 
most  remarkable  effects  can  be  obtained  if  the  tuning  be 
then  adjusted  very  finely.  It  is  unnecessary',  as  in  self- 
heterodyne,  to  detune  ;  and  so  full  advantage  can  be 
taken,  by  this  critical  condition,  of  any  change  of  wave- 
length, which  probably  accounts  for  many  of  the  freak 
ranges  accomplished  by  this  type  of  apparatus.  It 
is  easily  seen  that  a  very  slight  change  of  wave- 
length will  produce  enormous  variations  of  intensity 
in  the  receiver,  but   it   is  equally    obvious  that  there 


of  potential  in  the  anode  feed  circuit,  which  will  be 
equivalent  to  supplying  the  oscillating  valve  with  more 
or  less  high  tension,  and  will  alter  the  radiation  in  a 
sympathetic  manner.  Since,  however,  the  energv 
dealt  wirh  will  be  weak  compared  with  the  main  supply, 
success  will  be  only  partial.  For  magnif\ang  this  effect 
let  us  now  introduce  another  or  "  control  "  valve  whose 
grid  is  acted  on  by  the  original  microphone  transformer, 
and  whose  anode  is  in  series  with  a  one-to-one  transformer 
in  place  of  the  original  one.  If  the  two  valves  are 
comparable  and  supplied  with  similar  high  tension,  we 
are  now  able  to  apply  a  modulation  or  variation  of  the 
same  order  as  the  energy  dealt  with  by  the  first  or 
"  power  "  valve. 

From  this  point  some  easy  steps  will  take  us  to  the 
actual  circuit  employed.  The  control  valve  can  be 
supplied  from  the  same  source  of  high  tension  as  the 
power  valve  ;  the  transformer  can  become  a  choke 
coil  (which  is,  in  effect,  a  one-to-one  transformer),  and 
it  is  an  obvious  arrangement  to  work  the  filaments 
and  the  microphone  primary  circuit  oft  the  same  low- 
tension  battery. 
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The  circuit  now  becomes  as  shown  in  Fig.  3,  in  which 
P  is  the  power  and  C  the  control  valve,  L  is  the  choke 
coil,  and  T  the  microphone  transformer.  H  T  is  the 
source  of  high-tension  supply,  and  F  is  the  filament 
battery. 

It  will  be  seen  that  the  anodes  of  both  valves  draw 
their  high-tension  d.c.  supply  through  the  choke  winding, 
and  as  long  as  the  microphone  is  quiescent,  the  output 
and  general  behaviour  do  not  differ  from  that  of  the 
power  circuit  considered  as  a  plain  one-valve  oscillator. 
When,  however,  variations  take  place  in  the  control- 
valve  anode  circuit  at  speech  frequency,  very  large 
surges  are  set  up  in  that  of  the  power  valve,  which  may 
approximate  to  the  original  high-tension  d.c.  potential 
and  so  sweep  the  output  from  nearly  double  its  steady 
value  to  almost  zero.  To  give  some  quantitative  idea 
of  the  forces  involved,  the  following  data,  taken  from 


Fig.  3. 

the   small   20-watt   R.A.F.   set   working   on    600    volts 
high-tension  d.c.  supply,  may  be  interesting. 

Swing  of  grid  potential  on  control  valve,  i.e. 
potential  change  on  secondary  of  transformer  with  a 
loud  vowel  :  go  volts  each  side  of  zero,  or  180  volts 
total. 

Surge  voltages  across  choke  coil  measured  on 
electrostatic  voltmeter  on  no  load  :  (about)  700  volts  ; 
on  load,  that  is  with  power  valve  in  operation,  300  to 
400  volts. 

It  is  important  to  notice  that  although  the  control 
valve  does  not  appear  at  first  sight  to  contribute  to  the 
output,  it  actually  does  so  ;  for  the  changes  induced  by 
it  do  actually  swing  equally  above  and  below  the  line 
of  normal  output,  that  is,  of  the  "  carrier  wave," 
albeit  they  are  too  rapid  to  produce  any  effect  on  the 
slowly  acting  aerial  ammeter  ;  and  thus  the  choke  con- 
trol is  of  approximately  double  the  effectiveness  of  one 
valve  with  grid  control,  whose  variations  can  only  be 
between  normal  and  zero  output.  It  is  not  ordinarily 
possible   with  two   similar   valves   to   produce   changes 


quite  equal  to  the  output  acted  on,  which  is  in  many 
ways  an  advantage,  as  it  makes  for  stability  ;  and  under 
certain  circumstances  it  may  be  an  improvement  to 
add  a  third  or  magnifying  valve  in  the  control  system. 

Choke  control  proved  pre-eminently  suitable  for  air 
working,  and  no  other  method  of  modulation  survived 
in  competition  with  it.  There  are  absolutely  no  critical 
adjustments  anywhere.  Almost  every  constant  can 
be  changed  within  quite  wide  limits,  and  though  it  may 
thus  be  caused  to  work  more  or  less  efficiently,  it  never 
reaches  a  point  of  complete  failure.  Moreover,  where 
the  set  is  subject  to  considerable  increases  of  anode 
potential,  grid  control,  which  is  a  constant  depending 
on  the  microphone  system,  becomes  less  in  proportion 
to  the  output ;  whereas  in  choke  control,  since  the  modu- 
lating valve  is  fed  from  the  same  high  tension,  the 
"  degree  of  control  "  is  subject  to  this  diminution. 

The  action  of  the  choke  was  subsequently  investigated 
with  more  accuracy  than  was  possible  in  the  hurry  of 
war  design,  ind  some  interesting  results  were  obtained. 
For  a  sound  frequency  of  750  per  second  an  inductance 
of  not  less  than  5  henries  is  required  ;  after  that,  the 
curve  flattens  out,  and  almost  any  higher  value  is 
immaterial.  Resistance,  as  such,  however,  is  always 
detrimental.  The  author  has  suggested,  but  never 
tried,  the  deliberate  filtering  out  of  the  lower  speech 
frequencies  by  too  small  a  choke  coil,  in  order  to  favour 
the  higher  harmonics. 

In  practice  these  are  so  important  that  the  action 
of  the  iron  core,  while  by  no  means  neghgible,  is  not 
preponderant ;  and,  in  fact,  the  best  results  often  seem 
to  be  given  by  a  choke  coil  in  which  the  core  is  already 
saturated  by  the  permanent  feed  current. 

The  little  20-watt  choke  control  set,  designed  by  the 
author  on  the  principles  outlined  above,  was  veiy  suc- 
cessful and  became  the  standard  R.A.F.  set  with  which 
all  the  air  transmission  has,  up  to  the  present,  been 
done. 

Turning  now  to  what  may  be  called  the  accessories 
and  general  lay-out  of  the  set  (Fig.  4),  one  of  its  features, 
which  was  largely  responsible  for  its  success,  was  the 
use  of  "  remote  control  "  (which  will  be  treated  of  at 
greater  length  in  speaking  of  the  receiver). 

Things  were  so  arranged  that  the  set  proper  could 
be  mounted  at  a  distance  in  any  convenient  position, 
and  only  a  very  small  control  imit  for  operating  it  was 
brought  within  reach  of  the  user's  hand.  In  the  case 
of  the  transmitter  no  adjustments  were  necessary,  as 
a  fixed  wave-length,  a  definite  aerial,  and  fixed  reaction 
were  used,  so  that  the  control  unit  carried  only  a  switch, 
an  aerial  ammeter,  and  plugs  for  microphone  and  tele- 
phone receiver.  The  aerial  ammeter  was  for  the  user's 
purpose  merely  an  indicator  that  all  was  well,  and  he 
needed  to  pay  no  attention  to  its  exact  reading. 

The  switch  fulfilled  rather  a  complex  function,  as  it 
made  or  broke  the  dynamo  field,  filament  and  micro- 
phone circuits,  so  that  when  it  was  off  every  circuit  was 
dead.  Remote  control  not  only  was  useful  in  machines 
where  space  was  strictly  limited,  but  tended  to  mental 
directness— a  very  important  point  in  war  instruments — 
by  removing  from  the  user's  contemplation  all  technical 
complexities. 

From  his  point  of  view,  then,  it  was  necessary  merely  to 
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s^vitch  on  and  talk.  Simplification  could  go  no  further  ; 
but  how  necessary  this  was,  can  only  be  appreciated, 
perhaps,  by  those  familiar  \vith  air  work.  It  is  probable 
that  much  of  the  British  lead  ^vus  due  to  consistently 
designing  to  fulfil  at  all  costs  the  needs  of  actual  service 
conditions,  rather  than  to  a  laTx)ratory  standard. 

Although  the  first  telephone  had  been  supphed  with 
high-tension  current  from  dry  cells,  these  had  been 
completely  superseded  by  small  air-driven  generators. 


Fig.  4. 

the  improved  descendants  of  one  made  for  the  author 
by  jNIr.  Mackie  early  in  1916.  Brieflj',  the  standard 
generator  (G)  adopted  gave  about  600  volts  from  one 
commutator  at  its  normal  speed  of  4,000  r.p.m.,  while 
the  6-volt  filament  accumulators  were  floating  across  the 
low-tension  side.  Moderately  good  electrical  regulation 
was  provided  by  a  demagnetizing  field-^Wnding  system, 
and  in  this  way  the  size  of  the  accumulator  had  not  to 
be  -very  great. 

A  smaU    but    interesting    point    about    the  set  was 


the  pro\'ision  of  "  side-tone."  It  was  found  to  be 
highly  important  that  the  speaker  should  be  able  to 
hear  the  effect  of  his  own  voice,  and  to  do  this  in  the 
simplest  possible  way  a  condenser  (C)  of  about  5  jais' 
capacity  v\'a.s  placed  in  the  earth  lead,  and  across  it  a 
pair  of  head  receivers  was  connected,  which  were  thus 
enabled  to  pick  up  the  low-frequency  effect.  By 
connecting  another  pair  in  parallel,  the  other  occupant 
of  the  aeroplane  could  also  hear  what  orders  were  given. 

Such  then,  very  brieflj^  was  the  complete  set  as 
originally  used  in  two-seater  machines,  for  trans- 
mitting only,  except  that  we  have  not  yet  treated  of 
the  microphone  proper. 

The  importance  of  this  is  ob\aous,  and  only  the  barest 
outhne  can  be  given  of  what  is  a  complete  subject  in 
itself  ;  one  in  which  opinion  constantly  sways  from  side 
to  side,  and  which  is  at  once  difficult  and  easy.  Opinion 
is  no  loose  word  ;  for  in  telephonic  work  under  air 
conditions  it  is  almost  hopeless  to  expect  exact  or 
definite  results  from  one  experiment,  and  the  only 
real  guide  is  the  mental  summary  of  prolonged  experience. 

The  disturbing  elements  may  be  set  down  as  :  (i) 
mechanical,  and  (2)  acoustical.  In  the  former  the 
principal  are  the  shaking  up  of  the  carbon  granules  by 
movements  of  their  container,  and  the  slow  distortions  of 
the  diaphragm  under  varjong  air-pressures.  Neither 
of  these  difficulties  is  verj'  serious,  and  the  first- 
named  is  almost  completely  eUminated  by  holding  the 
microphone  in  the  hand — the  iinest  possible  shock 
absorber. 

The  acoustical  difiSculties  are  far  worse,  and  principally 
lie  in  this  :  that  the  noises  which  it  is  desirable  to 
reject  are  of  the  same  order  as  the  sounds  that  are  to 
be  accepted. 

-Aiter  much  experiment  the  Gordian  knot  was  cut 
thus  :  by  de\dsing  a  microphone  almost  insensitive  to 
sounds  of  the  noise  intensity',  but  responsive  to  the 
powerful  concentrated  sound  waves  of  a  voice  impinging 
upon  it  from  a  ver\'  short  distance.  In  other  words, 
the  voice  was  raised  to  a  higher  power,  as  it  were, 
bj'  speaking  very  loudly,  and  thus  two  distinct  orders 
of  intensity  were  produced,  which  could  be  separated. 
By  choosing  a  smtable  thickness  of  diaphragm,  size  of 
granule,  tightness  of  packing,  etc.,  combined  with  heavy 
damping,  a  satisfactory^  microphone  was  arrived  at. 
It  appeared  curiously  dead  and  ineffective  on  the  ground, 
but  seemed  to  take  on  a  new  sprighthness  in  the  air. 
Of  course  in  the  quieter  tj-pes  of  machines  a  more  sensitive 
and  more  normal  microphone  was  not  only  possible, 
but  better ;  but  nothing  else  was  able  to  work  so 
effectively  in,  say,  a  noisy  Bristol  fighter.  A  microphone 
has  recently  been  patented  with  adjustable  damping,* 
which  ought  to  prove  very  useful. 

We  now  turn  from  transmitting  to  its  complement, 
recei\'ing  in  the  air.  When  the  general  uproar  is 
remembered,  the  difficulties  need  no  emphasis.  The 
problem  here  was  to  combine  considerable  sensitiveness, 
loud  signals  free  from  distortion,  and  the  minimum 
of  adjustment. 

It  was  only  comparatively  lately  that  high-frequency 
magnification  became  sufficiently  manageable  for  intro- 
duction into  aircraft,  and  low  frequency  could  not  be 
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pushed  very  far  without  making  a  set  far  too  sensitive 
to  mechanical  shocks.  The  arrangement  which,  as  the 
fittest,  survived,  consisted  essentially  of  a  detector 
valve  with  reaction,  and  two  note  magnifications. 
The  detector  valve  was  not  energized  direct  from  the 
aerial,  but  through  a  so-called  "  aperiodic  "  circuit, 
which  was  really  a  circuit  approximately  syntonized 
by  its  self -capacity.  This  has  always  been  found 
to  reduce  magneto  noise  considerably. 

The  application  of  remote  control  to  the  receiver 
really  antedates  its  adoption  on  the  transmitter,  and  is 
not,  as  with  the  latter,  a  mere  matter  of  mechanical 
lay-out,  but  involves  a  technical  point  of  some  interest. 

In  some  air-trials  with  the  early  1916  soft-valve 
receiver,  it  was  noticed  that  to  alter  the  filament 
brightness  made  a  very  convenient  way  of  finally  con- 
troUing  the  reaction,  after  the  circuit  had  been  set  near 
the  critical  point ;  and  at  Captain  Furnival's  suggestion 
a  "  banjo  wire  "  resistance  was  made  up  and  mounted 
on  the  joy-stick,  so  that  the  pilot  could  make  the  last 
fine  adjustment  himself.  Subsequently,  during  the 
continuance  of  the  general  efforts  to  produce  a  really 
satisfactory  aircraft  receiver,  when  many  a  promising 
design  wilted  in  the  fiery  trial  of  actual  air  work,  the 
author  persevered  with  the  principle  and  had  the 
satisfaction  of  seeing  the  "  remote  control  "  prove  its 
usefulness. 

The  principle  involved  is,  that  the  increase  in  emission 
caused  by  brightening  the  filament  of  the  detector 
valve,  whose  anode  current  is  concerned  in  the  reaction, 
steepens  the  characteristic  curve  and  so  determines  the 
oscillatory  condition,  when  the  circuits  have  been 
adjusted  near  the  critical  point  ;  a  condition  which  can 
easily  be  provided  for  in  the  design.  The  adoption  of 
this  principle  had  a  large  share  in  the  success  of  the 
aircraft  telephone,  partly  for  the  mechanical  reason  of 
having  only  a  small  control  unit  near  the  user,  and  also 
because  to  alter  the  reaction  electrically  in  this  way 
makes  but  an  infinitesimal  change  in  wave-length  ; 
whereas  in  mechanical  methods  small  changes  of  capacity 
are  inevitable  with  every  adjustment,  and  necessitate 
a  slight  retuning,  so  that  it  needs  some  skill  and  finesse 
to  get  the  best  results.  With  this  remote  control, 
however,  the  user  could  get  the  tuning  once  for  all, 
and  adjust  the  reaction  freely  for  the  best  effect  by  a 
safe  and  easy  change  in  a  low-frequency  non-oscillatorv 
circuit. 

The  remainder  of  the  receiving  circuits  calls  for  little 
comment  in  a  brief  survey  such  as  this,  as  they  will 
be  clearly  understood  from  Fig.  5,  and  attention  should 
now  be  given  to  the  next  step  in  advance. 

Although  prior  to  the  War  high-frequency  magni- 
fication b)f  resonance  methods  had  been  in  use,  there 
was  a  general  recrudescence  of  attempts  to  effect  it  by 
simple  means,  aperiodically  if  possible,  in  which  the 
French  experts  had  taken  a  leading  part.  This  resulted 
in  such  methods  as  the  well-known  condenser-resistance 
circuit,  and  one  in  which  transformers  with  an  iron 
core,  highly  laminated,  were  employed  to  deal  with 
radio  frequencies,  and  worked  efficiently  over  large 
ranges  of  wave-lengths.  The  whole  subject  at  this 
stage  was  somewhat  nebulous  until  Captain  Round, 
in   a   few   weeks'   admirable    investigation,   unified   and 


correlated  the  various  circuits,  showing  how  all  such 
transformers  could  be  considered  to  be  essentially  reson- 
ance transformers,  differing  only  in  damping  ;  so  that  it 
lay  with  the  designer  to  choose  small  damping,  large 
magnification  per  valve,  a  limited  number  of  valves, 
small  range  of  wave-len^h  and  a  rather  tricky  circuit, 
or  the  reverse  of  all  these,  resulting  in  a  stable  flatly- 
tuned  arrangement — or  any  intermediate  conditions. 
Special  low-capacity  valves  were  introduced,  so  that  the 
damping  produced  by  them  could  be  made  a  maximum, 
and  high-frequency  magnification  was  tamed  and  har- 
nessed. A  cascade  series  of  such  valves  could  be  set  up, 
working  with  fairly  constant  efficiency  over  a  large 
range  of  wave-length,  so  that  no  tuning  (within  these 
limits)  was  needful  except  that  of  the  circuit  applied 
to  them. 
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Fig.  5. 

The  first  fruit  of  this  advance,  as  far  as  aircraft 
sets  were  concerned,  was  a  five-valve  receiver,  designed 
by  Major  Whiddington,  in  which  a  choice  was  made  of 
two  high-frequency  magnifications  and  two  low,  with  a 
detector  valve. 

This  set,  which  unfortunately  could  not  be  manu- 
factured in  quantities  in  time  to  play  much  part  in  the 
War,  was,  as  compared  with  the  former  three-valve 
receiver,  about  10  times  as  sensitive  for  strong  signals, 
and  30  times  for  weak  ones. 

It  was  intended  for  use  with  fixed  aerials  rigidly 
connected  to  the  wings  and  fuselage  of  the  aeroplane — 
as  opposed  to  the  trailing  aerial,  which  was  a  great 
embarrassment  in  fighting.  In  spite  of  the  diminished 
radiation  of  such  an  aerial,  the  increased  sensibility  of 
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this  receiver  approximately  restored  the  usual  range. 
Fig.  6  represents  a  typical  circuit  of  this  kind  and  shows 
one  high  and  one  low-frequencv  magnification,  with  a 
fine-grid  rectifying  valve  between.  Increased  sensitivity 
as  well  as  the  nearer  average  approach  of  the  aerial 
system  to  the  source  of  disturbance,  made  more  apparent, 
however,  one  of  the  great  bugbears  of  air  work  where 
great  sensitiveness  is  necessary — magneto  noise. 

This,  again,  is  a  subject  in  itself,  on  which  a  vast 
amount  of  work  has  been  done  ;  and  as  it  applies 
equally  to  all  aircraft  wireless,  no  attempt  will  be  made 
to  treat  of  it  in  the  present  paper. 

Since  the  new  type  of  receiver  had  not  come  into 
general  use  up  to  the  time  of  the  Armistice,  all  the 
actual  work  was  done  with  the  three-valve  receiver 
and  transmitter  already  described.  Trailing  aerial 
wires  of  120  ft.  length  were  used  in  the  transmitting 
machines,  with  an  aerial  current  of  the  order  of  0*4 


up,  as  wireless  telephony  threatened  to  supersede  all 
other  means  of  communication  for  aircraft. 

It  took  on  great  importance,  too,  for  home  defence 
against  air  raids  ;  and  a  chain  of  ground  stations  of 
considerable  power  was  put  up  (technically  exactly 
similar  to  the  aircraft  transmitter  on  a  larger  scale) 
which  were  capable  of  transmitting  up  to  about  100 
miles  to  a  machine  in  the  air,  in  order  to  warn  the  patrols 
of  the  approach  of  an  enemy.  Telephony  from  the 
first  of  these  stations  was  loud  enough  to  interfere 
with  work  overseas  in  the  neighbourhood  of  Arras.  This 
work  involved  the  fitting  of  receiving  as  well  as  trans- 
mitting gear  in  the  leader's  machine,  and  from  this  and 
other  causes  arose  a  demand  for  both-way  working, 
which  was  easily  satisfied  by  fitting  both  the  standard 
sets  in  all  necessary  machines  and  arranging  some 
form  of  switch-over. 

In  consequence  of   the  greater  ease  of   reception  at 


Fig.  6. 


ampere,  while  the  receiving  machines  had  aerials  of 
from  80  to  100  feet  in  length.  The  normal  safe  w^orking 
range  from  machine  to  machine  was  about  4  miles 
(though  this  was  often  ven.^  much  exceeded),  while  the 
range  to  a  ground  station  was  from  20  to  50  miles  or 
more. 

A  flight  or  squadron  of  machines  equipped  with  this 
apparatus  could  set  out  and  fight  or  manceu\Te  in  forma- 
tion under  the  orders  of  their  commander,  whose  machine 
only  was  fitted  for  transmission.  So  great  was  the 
importance  of  telephony  considered  to  be,  that  a  special 
school  of  wireless  telephony  was  instituted  under  Captain 
Furnival,  who  had  been  one  of  the  author's  earliest 
assistants,  and  through  this  school  passed  even,-  week 
about  36  fighting  pilots  for  a  course  of  instruction  in 
using  the  apparatus  and  in  the  important  art  of  proper 
articulation  in  the  air.  Special  wireless  officers  also 
were  trained  at  this  school  for  the  task  of  equipment 
and  maintenance,  and  thus  a  whole  organization  grew 


a  quiet  ground  station,  and  its  superior  transmitting 
power,  the  to-and-fro  ranges  became  approximately 
equalized,  in  spite  of  the  disparity  of  output,  and  a 
machine  coiild  speak  or  be  spoken  to  at  distances  of  the 
order  of  70  to  100  miles. 

After  the  signing  of  the  Armistice  the  Cologne  postal 
service  was  equipped,  both  ground  and  air,  entirely 
with  the  Uttle  aircraft  sets  and  some  remarkable  results 
were  obtained.  The  ground  stations,  w-hich  had  70  ft. 
masts,  were  set  at  50  miles  apart,  and  could  transmit 
30  miles  to  a  machine,  or  receive  from  a  machine  at  a 
distance  of  about  50  mUes.  These  are  conservative 
figures,  and  frequently  an  intermediate  station  could 
be  omitted  and  a  machine  could  be  in  communication 
with  three  of  the  stations  on  the  route.  This  was 
installed  and  equipped  by  a  v\-ireless  telephone  section 
organized  for  the  purpose  at  :Marquise.  The  central 
station  on  this  route  handled  5,000  messages  during  the 
5  months  it  was  in  operation. 
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It  only  remains  to  indicate  the  lines  on  which  the 
most  recent  apparatus  with  which  the  author  is  con- 
cerned is  developing. 

The  International  Convention  having  laid  this  down 
as  the  maximum  allowable,  the  transmitter  will  deal 
with  an  input  of  loo  watts,  and  choke  control  will  be 
retained.  All  types  of  transmission  will  be  provided 
for.  The  receiver  will  have  three  high-frequency 
magnifications  and  one  low,  making  with  the  detector 
five  valves,  and  the  combined  transmitter  and  receiver 
will  be  worked  from  one  remote  control.  Batteries 
will  have  to  be  retained  at  present  for  filament  lighting, 
but  thev  can  be  small  ones  floating  across  the  generator  ; 
and  there  seems  good  reason  to  hope  that  in  the  near 
future  a  perfectly  silenced  and  regulated  generator 
will  permit  of  the  abolition  of  the  batten,-,  all  current, 
even  for  the  receiver,  being  supplied  direct  from  the 
dynamo. 

Ground  stations  will  be  equipped  for  direction-finding 
with  a  transmitting  mast  one  or  two  hundred  yards 
away  controlled  from  the  receiving  building,  and  matters 


will  probably  be  so  arranged  that  the  ordinary  P.O. 
land  lines  can  be  plugged  direct  on  to  the  wireless,  so  that 
a  man  may  talk  direct  from  his  office  to  a  machine  in 
the  air. 

Unfortunately,  switching-over  will  still  be  necessary 
until  such  time  as  the  ideas  which  will  shortly  be  set 
forth  in  a  paper  by  Captain  Eckersley  come  to 
fruition, 

In  conclusion  the  autlior  wishes  to  express  his  thanks 
to  the  Air  Ministry  for  permission  to  use  the  information 
given  in  this  paper,  and  he  would  like  to  pay  tribute 
to  the  memory  of  the  late  Captain  Cecil  Marks,  to 
whose  enthusiasm  and  encouragement  was  due  almost 
the  very  birth  of  aircraft  telephony,  and  whose  death  in 
action  was  a  real  loss.  Moreover,  no  paper  on  this 
subject  would  be  complete  without  mentioning  the 
names  of  Captain  McDougald  and  Captain  Furnival, 
the  author's  earliest  assistants  and  co-workers,  or 
that  of  Major  Robert  Orme,  who  was  for  so  long  the 
loved  and  able  Commanding  Officer  of  the  R.F.C. 
experimental  wireless. 


Discussion. 


Captain  J.  M.  Furnival  :  An  interesting  point 
in  connection  with  the  development  of  the  pilot-operated 
set  is  that  of  the  substitution  of  high-frequency  magnifi- 
cation for  the  reaction  and  low-frequency  circuit  employed 
in  the  Mark  III  tuner.  This  is  surely  a  big  step  in  advance 
not  merely  from  the  point  of  view  of  a  gain  in  sensitive- 
ness, but  rather  of  increase  in  reliability.  To  depend 
on  reaction  for  ranges,  the  greatest  care  and  experience 
is  necessary,  especially  where  test  flights  are  few  and 
far  between.  It  is  rather  a  problem  to  arrange  an 
efficient  ground  test  which  will  indicate  truly  that  the 
set  will  come  up  to  oscillation  point  in  the  way  it  should 
in  the  air.  I  think  this  was  one  of  the  main  troubles 
of  the  maintenance  officers,  and  one  which  will  quite 
disappear  with  the  introduction  of  high-frequency 
magnification.  Under  the  subject  of  speech  control, 
the  author  mentions  that  in  certain  conditions  it  is 
an  advantage  to  employ  an  additional  control  valve 
on  wireless-telephone  transmitting  sets.  Such  a  system 
was  successfully  applied,  I  think,  by  Captain  Murphy 
to  an  R.A.F.  ii  transmitter  at  Marquise.  In  this  case 
a  small  20-watt  service  valve  was  successfully  emploved, 
thereby  considerably  increasing  the  efficiency  of  the 
station.  There  is  a  point  in  connection  with  the  design 
of  the  air  microphone  which  is  perhaps  worth  mentioning. 
Not  only  is  it  necessary  to  choose  a  diaphragm  of  suitable 
thickness,  but  the  actual  material  of  which  it  is  made 
is  important.  Various  substances  were  tried,  namelv, 
carbon,  steel,  ebonite,  celluloid,  aluminium,  and  mica. 
Mica  is  the  best,  probably  being  a  substance  the 
natural  period  of  which  is  least  affected  by  engine  noise. 
Aluminium  also  gives  good  results.  It  is  interesting  to  note 
that  the  diaphragm  of  a  gramophone  is  made  of  mica,  and 
in  this  case  also  there  is  a  certain  amount  of  extraneous 
noise,  due  to  the  needle  rubbing  over  the  record,  which 
it  is  necessary  to  suppress  as  far  as  possible.  I  should 
also  like  to  mention  the  work  of  the  wireless  telephone 
officers,  both  wireless  and  flying,  of  the  Royal  Air  Force 


who  by  their  enthusiasm  and  combined  efforts  broke 
down  the  barriers  of  natural  prejudice  and  laid  the 
foundation  of  an  organized  wireless  telephone  service, 
which  it  is  obvious  will  play  a  large  part  in  aircraft 
communications  of  the  future.  The  time  has  come  when 
telephone  fittings  and  wiring  can  be  conveniently  incor- 
porated in  the  actual  design  and  manufacture  of  aero- 
planes. In  war  time  the  work  had  to  be  done  after  the 
machine  was  in  service.  This  necessity  led  to  the  forma- 
tion in  France  of  what  might  be  termed  a  "  Telephone 
Service  Section  "  whose  duty  it  was  to  equip  squadrons 
and  supply  them  with  serviceable  apparatus  and  trained 
personnel.  After  the  Armistice  this  Section  equipped 
the  Folkestone-Cologne  mail  route,  both  ground  stations 
and  machines.  Machines  were  flown  over  to  the  depot, 
and  within  two  or  three  days  were  fitted,  tested,  pilots 
trained,  and  helmets  fitted  for  head  receivers.  One 
test  flight  was  made  in  which  the  pilot  operated  his 
own  set,  and  if  passed  as  proficient,  he  returned  to  his 
squadron.  A  careful  check  of  the  working  of  the  com- 
munications was  made  b^'  arranging  for  an  inspecting 
officer  to  fly  periodically  up  and  down  the  route  and 
keep  a  careful  check  on  the  working  of  the  stations. 

Captain  H.  J.  Round  :  The  author  and  I  have 
worked  together  a  good  deal  during  the  last  10  years  on 
various  wireless  subjects,  and  we  have  usually  been 
in  agreement ;  but  during  the  early  stages  of  the  war 
I  have  very  distinct  memories  of  many  attempts  on 
my  part  to  divert  his  work  because  of  certain  difficulties 
and  many  objections  I  saw  to  wireless  telephony  in 
the  air.  In  the  main  he  was  correct,  but  in  one  or  two 
particular  cases  I  still  think  I  am  right.  One  case  I 
can  call  to  mind  was  the  question  of  flight  control.  This 
was,  I  believe,  worked  out  very  completelv  but  never 
actually  put  into  war  practice.  All  the  author's  wireless 
telephony  was  done  with  small  power,  in  fact  large 
power  was  not  possible  at  the  time.  Owing  to  this  use 
of  small  power,  the  immediate  answer  of  the  enemy  to 
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our  flight  control  would  have  been  to  fit  their  fighting 
flights  with  ^  kw.  quenchedrspark  jamming  outfits. 
Our  own  flights,  trained  to  manoeuvre  with  wireless 
telephonv,  and  not  so  well  trained  to  visual  control, 
would  have  been  at  once  at  a  disadvantage  and  I  could 
see  no  immediate  technical  answer  to  their  jamming. 
The  large  organization  worked  out  for  flight  control 
would  have  thus  been  rendered  useless  until  a  much 
more  powerful  set  was  evolved.  Anyhow  I  think  this 
particular  case  points  everv'  time  to  the  use  of  more  power 
whenever  wireless  is  used  in  active  areas,  and  where 
interception  can  do  little  harm.  Peace  sets  are  being 
more  generously  designed,  and,  from  the  standpoint 
that  our  peace  sets  should  be  as  adaptable  for  war  as 
possible,  this  is  a  very  good  point.  I  should  like  to 
challenge  the  author  on  his  statement  at  the  bottom 
of  page  380,  col.  I.  Although  both  the  grid  and  choke 
controls  are  actually  very  complex  in  action  and  it  is 
difficult  to  say  how  much  of  any  one  action  is  coming 
in,  grid  control  in  the  main  is  a  method  of  choke  control 
where  the  same  valve  is  used  both  for  voice  magnifica- 
tion and  for  oscillation  purposes.  The  grid  control 
is  very  considerably  improved  by  inserting  an  anode 
choke,  and  when  this  is  used  the  power  considerations 
are  the  same,  and  generally  the  aerial  ammeter  does 
not  move  when  one  is  speaking.  I  think  that,  except  for 
small  sets,  the  days  of  both  anode  and  grid  control  are 
over.  In  some  recent  work,  1  have  gone  back  to  the 
circuit  of  Fig.  i,  one  of  the  best  methods  for  controlling 
large  power  with  the  minimum  voice  distortion,  of  course 
with  the  microphone  replaced  by  instruments  wlrich 
will  handle  more  current. 

{Communicated)  :  I  should  like  to  add  a  short  his- 
torical sketch  of  some  of  the  valve  transmission  work 
we  did  from  1913  onwards.  Although  the  work  was 
for  the  most  part  on  telegraphy  and  not  telephony, 
the  apparatus  involved  was  practically  the  same.  In 
1913-1914  we  were  developing  a  valve  system  of  sending 
and  receiving  both  telephony  and  continuous  waves. 
Such  a  system  was  evolved  and  practical  apparatus 
exhibited  early  in  1914,  various  patents  being  taken  out. 
This  work  was  of  course  developed  on  the  lines  indicated 
by  the  work  of  De  Forest,  Lieben,  Reiss,  Meissner,  and 
Franklin.  During  this  period  we  evolved,  amongst 
manj'  other  things,  the  anode  and  grid  control  methods, 
and  also  the  plain  aerial  method  of  using  valve  trans- 
mitters. Unfortunately,  lack  of  vision — perhaps  the 
thought  that  they  were  rather  obvious  things — prevented 
the  grid  and  anode  controls  being  patented,  but  I  well 
remember  that  the  grid  control  was  produced  as  a 
natural  evolution  of  the  anode  control  because  it  used 
only  one  valve,  and  that  was  a  very  good  point  in  the 
days  when  each  valve  required  watching.  Both  methods 
were  actually  tested  at  Marconi  House  and  elsewhere, 
and  good  results  were  obtained.  The  high-frequency 
control  was  also  evolved,  similar  to  the  method  men- 
tioned by  Mr.  Turner,  and  this  was  patented.  At  that 
time,  currents  in  the  aerial  so  seldom  exceeded  i  am- 
pere that  microphonic  control  was  always  found  to  give 
the  best  quality  of  speech  and  was  more  usually  used. 
^Vhen  the  war  started,  other  more  important  work 
stopped  development  for  a  time,  and  Major  Prince 
carried  on  the  development  of  our  set  to  make  it  suit- 


able for  the  air.  During  1915  the  development  of  the 
self  heterodyne  and  the  use  of  plain  aerial  circuits  in 
reception  suggested  to  me  the  revival  of  the  plain 
aerial  circuit  which  I  used  in  1914  for  continuous-wave 
transmission.  Urged  on  by  the  late  Lieutenant  Hyde 
Thomson,  to  whose  brilliant  imagination  I  should  like 
to  pav  great  tribute,  we  made  up  the  first  continuous- 
wave  plain  aerial  transmitters  for  aeroplanes,  airships, 
and  ground  stations,  and,  I  believe,  made  the  discovery 
of  the  extraordinary  range  possible  with  short  continuous 
waves  using  self-heterodi.'ne  receivers.  I  will  quote 
three  cases  of  this.  Late  in  191 5,  Lieutenant  Tomlinson, 
with  a  20-watt  continuous-wave  plain  aerial  transmitter 
constructed  in  my  laboratory,  went  up  at  Wormwood 
Scrubbs  in  a  small  S.S.  airship,  and  his  signals  were 
easilv  received  with  one  valve  400  miles  away  at  Aberdeen, 
the  wave-length  being  1,200  metres.  Major  Binyon, 
flying  from  Eastchurch  to  Eastbourne  in  an  aeroplane 
with  the  same  set,  was  read  in  London  with  very  loud 
signals,  and  the  operator  listening  at  Eastchurch  reported 
hardly  any  change  in  strength  during  the  complete 
flight  of  the  plane.  Thirdly,  a  similar  set  erected  at 
Folkestone,  with  a  70  ft.  aerial  wire  completely  inside  a 
two-story  house,  was  read  easily  at  Marconi  House,  about 
60  miles  away,  on  one  valve,  and  was  also  simultaneously 
read  at  Calais.  One  of  these  sets  was,  I  believe,  actually 
the  first  continuous-wave  set  used  in  the  British  Army. 
These  results  can  be  repeated  at  any  time  as  everyone 
knows  now,  but  I  believe  thev  were  new  then.  In  all 
cases  the  practical  details  of  the  development  were 
carried   out  b\-  others. 

Professor  R.  Whiddington  :  The  apparent  broaden- 
ing of  the  wave  during  telephony  is  really  fundamental 
and  unavoidable.  A  slightly  damped  (telephone) 
receiving  circuit,  therefore,  while  responding  to  the 
radiation  as  a  whole,  will  always  select  that  particular 
frequency  for  which  it  is  actually  atuned.  This 
phenomenon,  while  always  present  in  some  degree, 
is  particularly  marked  when  the  radiation  is  weak, 
and  in  consequence  the  receiving  circuit  is  worked 
very  near  the  limit  of  reaction.  In  such  a  case  as 
this,  loud  speech  may  be  obtained,  but  distorted  to 
such  an  extent  perhaps  as  to  be  unintelhgible.  An 
interesting  experiment,  and  one  easy  to  carry  out, 
affording  a  practical  demonstration  of  these  multiple 
waves,  is  to  analyse  by  an  ordinary  wave-meter  the 
radiation  from  a  valve  oscillating-circuit  using  an 
alternator  as  the  source  of  power.  The  carrier  wave 
is  then  modulated  according  to  the  frequency  of  the 
alternator  and  the  wave-meter  detects  at  least  two 
frequencies  on  either  side  of  that  corresponding  to 
the  radiating  circuit,  the  frequency  difference  depending 
on  the  period  of  the  alternator.  Mr.  Turner  has  referred 
to  the  possibihties  of  the  "  dead  aerial  "  system  in 
wireless  telephony,  the  system  in  which  the  carrier 
wave  only  comes  into  action  when  the  voice  affects 
the  microphone.  During  the  war  I  carried  out  experi- 
ments resulting,  I  beheve,  in  the  first  successful  two-way 
telephony  along  these  lines. 

Captain  P.  P.  Eckersley  :  It  should,  I  think,  be 
realized  by  those  who  have  read  this  paper  that  the 
achievement  of  bringing  the  aircraft  telephone  to  its 
present  state  of  perfection  has  been  a  problem  of  pro- 
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paganda  as  well  as  a  technical  one.  Whereas  early  in 
1915  the  average  pilot  looked  upon  all  wireless  on  machines 
as  "  another  gadget,"  in  1919  certain  pilots  on  the  postal 
routes  refused  to  fly  without  a  wireless  telephone.  On 
the  technical  side  the  introduction  of  remote  control, 
the  simphcity  of  the  adjustments,  and  the  lightness 
of  the  apparatus  have  all  helped  to  convince  the  non- 
technical users  of  the  possibilities  of  the  apparatus, 
and  for  war  purposes  it  is  difficult  to  see  how  the  sets 
could  have  been  bettered.  On  pages  377  and  378 
the  author  records  how  spoken  messages  at  St.  Omer 
were  heard  100  miles  awa5^  the  transmitting  aerial 
current  being  only  0-25  ampere.  The  wave-length 
used  was  300  metres,  and  this  largely  explains  how  such 
a  remarkable  range  was  obtained.  The  standard 
R.A.F.  set  used  450  metres  and  an  aerial  current  of 
0-4  ampere,  and  in  the  Cologne  postal  route  gave  re- 
markable ranges.  It  seems  therefore,  from  a  study 
of  these  results,  that  short  wave-lengths  are  very  desir- 
able for  aeroplane  telephony.  The  International  Air 
Convention  has,  however,  legislated  that  the  aircraft 
wave  shall  be  900  metres,  a  rather  retrograde  step  when 
it  is  realized  that  the  resistance  of  an  aeroplane  aerial 
is  high  in  any  case.  Even  though  we  are  allowed  five 
times  the  power  of  the  author's  set,  this  is  therefore  not 
being  utilized  to  anything  like  its  best  efficiency,  since 
the  radiation  resistance  is  cut  down  many  times  and 
introduces  further  problems  in  winding  high-inductance 
aerial  coils  which  necessarily  militate  against  efficiency. 
Jamming  is  of  course  a  factor  to  be  very  seriously 
considered,  but  if  free  aether  could  be  sought  among 
the  lower  wave-lengths  the  designers  of  modern  aircraft 
gear  would  be  less  hampered  and  could  for  the  same 
ranges  construct  lighter  apparatus.  On  pages  378 
and  379  the  author  refers  to  methods  of  modulation  and 
discusses  them  in  relation  to  the  receiver.  I  think  the  ' 
designers  were  very  happy  in  their  choice  of  the  choke 
control,  as  it  gives  an  ideal  and  stable  method  of  control. 
What  perhaps  is  not  sufficiently  emphasized  in  the  paper 
is  the  fact  that  choke  control  uses  the  power  available 
in  the  carrier  wave  to  a  maximum.  That  is  to  say,  it 
controls  the  intensity  of  the  antenna  current  not  only 
below  the  line  of  constant  output  but  above  it.  Any 
control  which  merely  reduces  output  must  on  the  face 
of  it  be  less  efficient  than  one  that  both  increases  and 
decreases  it.  Neglecting  therefore  the  power  absorbed 
in  the  control  valve,  the  wave-length  change  and  the 
bad  regulation  of  the  choke  transformer,  one  would 
expect  the  current  change  apprehended  by  the  detector 
to  be  twice  as  great  with  choke  control  as  with,  say, 
grid  control.  Mr.  Turner  has  referred  to  choke  control, 
and  has  said  that  the  method  is  wasteful  of  power. 
I  do  not  think  that  is  truly  so,  because,  when  it  absorbs 
power,  that  power  is  stored  up  in  the  choke  and  is 
released  afterwards,  being  analogous  to  a  vibrating 
pendulum.  I  think  the  circuit  that  INIr.  Turner  described 
is  a  very  old  one  and  very  well  known.  Captain  Round 
used  it  with  considerable  success,  and  in  America  I 
believe  it  is  very  largely  used.  Professor  Whiddington 
referred  to  the  quiescent  aerial  system.  I  think  one  of 
the  troubles  about  this  system  at  present  is  that  it  gives 
very  poor  speech.  I  do  not  think  much  has  been  gained, 
even  if  the  quiescent  aerial  system  is  successful,   the 


problems  of  receiver  protection  still  remaining.  Speech 
quality  with  the  choke  control  was.  I  think,  very  good, 
but  it  becomes  increasingly  apparent  that  the  character- 
istics of  the  receiver  influence  speech  quality  nearly 
as  much  as  the  circuits  of  the  transmitter.  This  is 
brought  out  on  page  379,  where  the  author  points  out 
that  by  pushing  reaction  to  its  limits  freak  results  are 
obtained.  Reaction  on  the  receiver,  although  tending 
to  raise  the  intensity,  certainly  distorts  speech  at  times. 
This  may  be  due  to  the  narrow  resonance  curves  exclud- 
ing essential  frequencies  in  the  received  waves,  or 
again  may  be  produced  in  the  detector  valve  by  intensi- 
fying the  carrier  wave  so  that  "  wipe  out  "  is  produced. 
The  consequent  distortion  may  be  rectified  by  mis- 
tuning,  but  this  quality  of  the  largely  reactioned 
receiver  is  not  a  good  one  as  it  makes  two  adjustments 
mutually  interdependent,  a  bad  quality  for  pilot- 
operated  sets.  Thus  the  line  of  development  is  indicated 
in  the  author's  concluding  remarks,  where  he  points 
out  that  the  latest  types  of  receiver  employ  high-frequency 
magnification  which  makes  intense  reaction  less  necessary 
for  a  given  range  and  so  gives  two  independent  adjust- 
ments, signal  intensity  and  tuning,  both  of  which  should 
not  greatly  interfere  with  quality.  Those  who  have 
had  much  experience  with  telephony  have  perhaps 
been  sometimes  worried  by  "  breaking  "  of  speech,  as 
the  author  points  out  on  page  378  in  connection  with 
one  experimental  circuit.  Such  breaking  can  some- 
times occur  even  with  choke  control,  although  it  is 
less  susceptible  to  this  trouble.  This  is,  I  think,  bound 
up  with  the  oscillating  circuits  and  particularly  the 
position  of  the  mean  grid  volts  line  on  the  oscillating 
valve.  There  are  broadly  two  possible  states  of  oscil- 
lation bound  up  with  the  mean  grid  volts,  one  the  trigger 
condition  where  the  oscillation  dies  suddenly  when 
the  reaction  is  reduced,  and  the  other  condition  where 
a  lingering  death  occurs.  In  the  sudden  death  or 
trigger  condition,  it  is  possible  if  the  reaction  is  on  the 
weak  side  to  get  broken  speech.  In  the  other  condition 
I  have  never  noticed  this  tendency,  and  even  the  sub- 
stitution of  a  coarsely  adjusted  buzzer  for  the  micro- 
phone will  not  stop  the  system  oscillating.  Where  it  is 
not  possible  then  to  over-control  and  get  breaking  speech, 
it  is  advantageous  sometimes  to  introduce  a  second 
magnifying  valve.  This  has  a  particular  application 
where  weak  land-line  speech  has  to  be  relayed  on  to  a 
wireless  svstem,  but  pays  even  where  a  voice  is  speaking 
directly  into  the  telephone.  The  author  has  skimmed 
over  the  thin  ice  of  magneto  noise,  and  those  who  have 
done  much  air  work  sometimes  wish  they  could  dismiss 
the  subject  as  lightly.  The  problem  is  very  acute, 
first  from  its  very  nature  and,  secondly,  because  it  is 
next  to  impossible  to  experiment  in  the  air.  It  is 
useless  to  do  much  on  the  ground,  and  once  in  the  air 
arrayed  in  a  heavy  flying  coat,  a  tangle  of  wires  round 
one's  feet,  a  few  suspended  swaying  boxes  dotted  about 
round  an  already  cramped  cockpit,  and  a  pilot  who 
wants  to  go  home,  coherent  thought  becomes  almost 
impossible.  Results,  so  far,  have  been  obtained  by 
avoiding  machines  that  were  notoriously  noisy,  but 
much  remains  to  be  done.  Shielding  can  in  many 
cases  be  carried  out  ad  nauseam  without  any  diminution 
of  the  noise,   whereas,  some  small,   apparently  foolish. 
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change    in    the    connections    produces    the    longed-for 
peace. 

Mr.  L.  B.  Turner  :  The  author  has  devoted  some 
attention  to  the  system  of  choke  control  embodied  in 
the  very  elegant  telephone  transmitter  of  his  design, 
and  he  seems  to  suggest  there  is  some  degree  of  mystery 
as  to  how  it  functions.  Referring  to  Fig.  3,  when  the 
voice  raises  the  grid  potential  of  C,  the  anode  tries, 
as  it  were,  to  suck  in  extra  current  ;  but  as  choke  L 
keeps  the  high-tension  battery  current  more  or  less 
constant,  the  top  end  of  L  falls  in  potential,  and  C  is 
suppUed  only  at  the  expense  of  P.  There  is  thus  no 
optimum  value  for  the  inductance  of  L  ;  the  larger  it 
is  the  better,  but  when  once  its  impedance  is  very  large 
compared  with  the  mean  anode  resistance  of  P,  nothing 
is  to  be  gained  by  making  it  larger.  The  author  reports 
that  at  750  periods  per  second  an  inductance  of  5  henries 
was  nearly  as  good  as  any  higher  value.  The  reactance 
of  this  inductance  at  this  frequency  is  2  .-r  x  750  x  5 
=  24,000  ohms.  This,  being  already  large  compared 
with  (say)  5,000  ohms  as  the  anode  resistance  of  the 
oscillating  valve,   is  nearly  as  good  as  an  indefinitely 
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Fig.  a. — Wireless  telephone  transmitter. 

great  inductance.  As  the  author  points  out,  the  choke 
control  has  many  virtues  ;  but  I  think  he  gives  a  wrong 
impression  when  he  says  (see  page  380,  column  i) 
that  "  although  the  control  valve  does  not  appear  at 
first  sight  to  contribute  to  the  output,  it  actually  does 
so."  The  control  valve  varies  its  mean  consumption 
\vith  alternate  gulps  and  vomits  of  electricity  according 
to  the  microphone  stimulus  on  its  grid  ;  but  the  mean 
power  of  the  high-frequency  oscillation  is  not  affected 
by  it.  On  the  other  hand,  the  control  valve  consumes 
a  steady  mean  pov.-er,  which  is  sheer  waste  from  the 
point  of  view  of  efficiency  as  the  ratio  between  output 
and  input  powers.  In  small  aircraft  transmitters,  this 
is  not  of  much  significance  ;  but  with  these  circuits, 
as  the  antenna  power  is  increased,  so,  pari  passu,  must 
the  power  wasted  in  the  control  valve  be  increased. 
With  the  primary  object  of  a\"oiding  this  waste,  Captain 
R.  H.  Wagner  and  m\-self  devised  the  type  of  telephone 
transmitter  shown  in  principle  in  Fig.  A  herewith. 
Here  O  is  a  feeble  oscillator  controlled  in  amplitude  by 
the  microphone  M,  and  A  is  a  single  or  multi-valve 
amplifier  inserted  between  O  and  the  antenna.     Thus, 


however  powerful  the  transmitter,  the  microphone  has 
to  modulate  only  a  feeble  oscillation,  the  modulated 
oscillation  being  subsequently  amplified  to  any  desired 
extent.  An  incidental  advantage  of  this  arrangement 
is  that  it  reduces  the  difficulty  of  attaining  both-way 
telephony  referred  to  in  the  paper.  For  both-way 
telephony,  the  oscillator,  or  at  any  rate  the  antenna, 
must  oscillate  only  while  the  voice  is  agitating  the 
microphone  ;  and  the  feebler  the  oscillator,  the  more 
easily  is  this  accomplished  without  loss  of  articulation. 
In  conclusion,  I  wish  to  refer  to  another  point  respecting 
modulation  by  the  voice,  not  specifically  mentioned  in 
the  paper,  although  I  think  it  was  the  author  who  first 
brought  it  to  my  notice  during  one  of  those  stimulating 
friendly  discussions  in  which  at  one  period  during  the 
war  he  and  I  and  our  colleagues  used  to  indulge.  When 
there  is  a  large  unmodulated  residuum  in  the  transmitted 
oscillation,  the  uncontrolled  portion  may  yet  be  of  some 
service  at  the  receiver  in  maintaining  good  rectifier 
efficiency  for  very  weak  signals,  as  in  the  case  of  heter- 
odyne reception.  But  this  is  a  very  uneconomical 
way  of  obtaining  the  augmented  detector  efficiency, 
since  precisely  the  same  result  can  be  produced  more 
completely  by  an  independent  heterodyne  at  the 
receiver,  tuned  dead-on  so  as  to  produce  no  beat-note. 
This  kind  of  zero-beat  heterodyne  reception  is  of  great 
value  in  telephony,  and~does  not  seem  to  have  received 
the  attention  it  deserves. 

MajorT.  Vincent  Smith  :  The  sight  of  that  old  piece 
of  apparatus  calls  back  to  my  mind  the  early  days  at 
St.  Omer  when  the  author  and  Captain  McDougald 
came  over  to  show  us  what  they  had  done  in  the  way 
of  wireless  telephony.  We  tried  it  in  all  manner  of 
ways,  and  so  long  as  it  was  in  capable  hands  it  never 
showed  any  signs  of  failure.  I  also  remember  very 
forcibly  Lord  Kitchener's  expression  when  he  put  the 
telephones  on,  rather  unwillingly  at  first,  and  began 
repeating  every  word  that  Captain  McDougald  was 
saying.  He  said  afterwards  that  it  was  one  of  the 
most  interesting  things  he  had  seen  on  that  visit  of  his 
to  France.  I  also  remember  the  panic  that  ensued 
at  Headquarters  when  information  was  sent  over  from 
Lowestoft  that  every  word  had  been  heard  there.  It 
stopped  our  experiments  for  quite  a  long  time,  because 
the  Intelligence  Staff  thought  that  the  enemy  would 
get  valuable  information  from  our  messages.  However, 
when  that  restriction  was  withdrawn  by  Headquarters 
there  was  obviously  a  lot  of  spade  work  to  be  done  before 
we  could  apply  wireless  telephony  to  anything  like 
practical  use  in  the  line,  and  I  pay  full  tribute  to  the 
author.  Major  Orme,  and  everybody  associated  with 
them  for  the  way  in  which  they  met  essential  suggestions 
regarding  the  simplification  of  the  apparatus.  The 
design  of  aircraft  wireless  apparatus  for  war  use  is 
profoundly  modified  by  the  personnel  who  have  to  use 
it,  and  I  am  glad  to  see  that  the  author  acknowledges 
those  difficulties  which  I  had  to  face,  and  which  forced 
me  to  insist  on  simplification  of  design,  and  this  I  am 
bound  to  say  he  was  always  able  to  meet.  The  main 
point  about  the  apparatus  was  :  what  was  it  to  be  used 
for  ?  It  was  most  inadvisable  to  show  an  article  like 
a  wireless  telephone  to  the  Higher  Command,  who 
imagined  that  one  had  only  to  have  a  telephone  without 
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wires  in  order  to  solve  all  communication  difficulties  ; 
whereas,  of  course,  it  was  our  duty  to  modify  their 
enthusiasm  considerably,  otherwise  they  were  inclined 
to  ask  us  to  do  all  sorts  of  impossible  things.  Although 
at  first  sight  it  might  appear  to  be  a  useful  substitute 
for  the  ordinary  transmitting  key,  I  am  rather  doubtful 
whether,  except  in  certain  cases,  it  is  desirable  to  do 
away  with  Morse.  I  am  convinced,  it  spite  of  what 
Captain  Round  said,  that  there  is  one  extremely  impor- 
tant application  of  the  wireless  telephone,  and  that  is 
inter-machine  telephony  for  the  purpose  of  regulating 
a  formation  flight.  I  think  it  is  the  most  important 
use  to  which  the  wireless  telephone  can  be  put.  The 
question  of  jamming,  I  agree,  is  very  important,  but, 
after  all,  we  had  to  deal  with  that  along  the  whole  of 
the  Western  Front.  The  Gennans  never  succeeded  in 
jamming  us  to  any  serious  extent.  I  think  it  is  a  sign 
of  inferiority  to  have  to  jam  one's  opponent,  and  we 
were  always  proud  of  the  fact  that  we  did  not  need  to 
jam  them. 

Mr.  H.  M.  Dowsett  :  I  would  ask  the  author  whether 
the  first  working  set — as  distinct  from  the  skeleton 
model  made  up  at  Brooklands  on  which  speech  was 
first  received — was  not  made  up  at  the  Marconi  works 
under  the  supervision  of  Captain  McDougald.  With 
regard  to  the  choke  control,  it  is  interesting  to  record 
that  early  in  1914,  in  tests  which  were  carried  out  by 
Captain  Round  between  Chelmsford  and  the  author's 
house  at  Danbury,  a  choke  was  used  in  the  anode 
circuit  of  the  oscillating  valve  which  had  the  same 
function  as  the  choke  in  the  R.A.F.  circuit,  although  it 
behaved  less  efficiently,  as  the  modulation  control  was 
exercised  through  the  grid  circuit  of  the  same  valve 
instead  of  bv  means  of  a  separate  valve  acting  on  the 
choke  direct  I  should  like  to  know  the  author's 
reason  for  advocating  the  filtering  out  of  the  lower 
speech  frequencies.  Unless  the  valve,  the  method  of 
control,  or  the  microphone  unduly  favour  such  fre- 
quencies and  the  suggestion  is  put  forward  as  a  means  of 
correcting  this,  it  is  not  obvious  why  the  distortion 
which  must  result,  and  which  must  impart  a  squeaky 
character  to  the  speech,  is  likely  to  be  an  improvement. 
It  is  well  known  that  the  higher  harmonics  are  of  great 
importance,  and  a  voice  with  a  high  pitch  is  much  more 
effective  than  one  with  a  low,  but  does  it  follow  that 
high-pitch  speech  would  be  still  more  effective  with 
the  lower  frequencies  removed  ?  The  necessity  of 
heavily  damping  the  diaphragm  of  the  microphone  in 
order  to  render  it  less  sensitive  to  noise  is  one  of  those 
measures  which  it  may  be  hoped  will  in  time  be  rendered 
unnecessary.  The  baffle  mouthpiece  so  far  has  not 
proved  a  success,  but  should  it  do  so  the  more  sensitive 
ground  microphone  could  be  used  in  the  air  with 
advantage.  The  selection  of  suitable  materials  for 
the  diaphragm,  as  pointed  out  bv  Captain  Furnival, 
may  help  considerably  towards  the  solution  of  this 
problem.  There  appears  to  be  no  technical  reason 
why  the  perfectly  silent  direct-current  generator  looked 
forward  to  by  the  author,  which  can  be  used  for  the 
high-tension  supply  of  both  the  transmitting  and  the 
receiving  valves,  should  not  materialize  at  the  present 
time.  Generator  noises  are  due  partly  to  commutation 
and  partly  to  field  distortion   bv  the  armature  teeth. 


By  means  of  interpoles  and  properly  designed  brushes 
and  brush-gear  the  commutation  can  be  rendered 
sparkless ;  and  by  suitably  slotting  the  poles  so  that 
when  one  conductor  of  a  coil  is  opposite  a  tooth,  say  in 
a  north  pole,  the  other  conductor  of  the  same  coil  is 
opposite  a  slot  in  a  south  pole,  equal  and  opposite 
harmonic  electromotive  forces  will  be  generated  in  the 
winding  and  will  neutralize  each  other.  The  wave- 
form of  the  terminal  electromotive  force  will  then 
depend  solely  on  the  shape  of  the  poles  and  the  arrange- 
ment of  the  armature  coils,  both  of  which  are  control- 
lable, so  that  it  should  be  quite  possible  to  obtain  an 
unvarying  direct-current  voltage. 

Flight-Lieutenant  L.  A.  McDougald  :  This  paper 
gives  a  very  comprehensive  account  of  the  de- 
velopment of  aircraft  wireless  telephony  during  the 
war.  A  very  considerable  part  of  our  work  consisted 
in  reducing  the  size  and  weight  of  apparatus,  and  of 
increasing  its  efficiency  and  simplicity  of  operation. 
The  first  experimental  transmitter,  of  an  earlier  design 
than  that  shown  in  Fig.  i,  had  six  adjustments,  many 
of  them  critical.  The  final  20-watt  set,  as  pointed  out 
in  the  paper,  required  no  adjustment.  The  soft  valves 
in  use  in  the  early  days  were  provided  with  a  regulating 
device  in  the  form  of  a  pip  containing  a  crystal  of  asbestos 
or  other  mineral.  This,  when  heated,  reduced  the 
vacuum  in  the  valve.  It  was  the  custom  to  heat  the 
pip  before  a  flight  took  place,  but  it  often  happened 
that  when  in  the  air  one  found  the  valve  had  become 
too  hard  to  oscillate.  In  order  to  overcome  the  danger 
of  applying  a  naked  light,  a  small  electric  heater  was 
devised  which  could  be  placed  over  the  regulating 
pip.  It  is  worthy  of  note  that  during  the  demon- 
stration flight  for  the  late  Lord  Kitchener  a  snowstorm 
was  in  progress.  In  consequence  we  could  only  fly  at 
a  height  of  a  few  hundred  feet,  and  the  fact  that  our 
speech  was  picked  up  by  I^owestoft  is  therefore  all  the 
more  remarkable.  The  trailing  aerial  always  lends 
itself  to  variations  of  wave-length  when  the  aeroplane 
is  manoeuvring,  due  to  change  of  aerial  shape.  This 
difficulty  is  overcome  by  the  use  of  the  so-called  "  fixed 
aerial  " — that  is  to  say,  an  aerial  rigidly  fixed  inside 
the  wings  and  fuselage  of  the  machine,  from  which  it 
is  thoroughlv  insulated.  Dr.  Whiddington  has  pointed 
out  elsewhere  (Nature,  vol.  104,  p.  630)  that  this  wave- 
length change  is  due  in  part  to  a  variation  of  anode 
voltage  consequent  on  the  changing  speed  of  the  wind- 
driven  direct-current  generator  during  a  manoeuvre. 
With  a  modern,  well-regulated,  wind-driven  generator, 
I  think  the  greater  part  of  the  change  in  wave-length 
is  due  to  the  change  in  shape  of  the  trailing  aerial. 
This  is  borne  out  by  the  fact  that  the  effect  was  very 
noticeable  with  the  original  telephone  transmitter, 
the  source  of  anode  voltage  being  a  6oo-volt  dry  battery. 
Very  promising  results  have  been  obtained  on  fixed 
aerials  for  reception.  Using  the  20-watt  transmitter 
and  the  R.A.F.  Type-X  five-valve  receiver-amplifier, 
an  "  all-round  "  range  of  3  miles  and  a  "  best  position  " 
range  of  7  miles  have  been  obtained.  These  ranges 
are  not  the  limit  for  the  reception  of  intelligible  speech, 
but  were  considered  to  be  safe  working  ranges.  By 
"  best  position  "  is  meant  the  best  relative  position 
of    the    two    aeroplanes.     Magneto    noise    is    generally 
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more  troublesome  with  a  fixed  aerial  than  with  the 
traiUng  aerial,  but  it  can  be  •  successfully  eliminated 
by  using  high-tension  cable  covered  with  a  flexible 
metallic  braiding  for  all  the  magneto  circuits.  The 
metalUc  braid  is"  earthed  "  to  the  frame  of  the  aero- 
plane at  frequent  intervals. 

Mr.  F.  P.  Swann  :  The  author  and  several  speakers 
have  referred  to  the  fact  that  on  the  occasion  of  the 
wireless  telephone  demonstration  at  St.  Omer  in  1916, 
the  speech  was  heard  at  Lowestoft.  I  am  quite  sure 
the  author  will  not  think  that  I  am  trying  to  detract 
from  the  merits  of  his  set  if  I  suggest  that  a  certain 
amount  of  the  credit  should  be  given  to  Lowestoft. 
This  station  was  installed  with  the  most  sensitive  receiv- 
ing gear  then  known,  and  was  doubtless  responsible 
for  a  generous  portion  of  the  range  covered. 

Major  C.  E.  Prince  [in  reply)  :  As  I  mentioned  in 
reading  the  paper,  I  had  not  intended  to  get  into  such 
deep  waters  as  wireless  telephony  in  the  abstract,  and 
confined  myself  to  the  practical  appUcation  of  it 
with  which  I  was  identified,  simply  because  the  whole 
subject  was  too  wide  to  cover.  Many  of  the  points 
raised  will,  I  hope,  be  touched  on  and  extended  in  the 
discussion  on  Captain  Eckersley'^  paper  on  "  Duplex 
Wireless  Telephony,"  and  will,  perhaps,  be  more  germane 
to  that  subject  than  to  my  paper. 

Some  of  i\Ir.  Turner's  remarks  have  already  been 
answered  for  me  by  Captain  Eckersley.  On  one  point 
he  seems  to  have  misunderstood  me.  If  he  will  read 
the  paper  carefully  he  will  see  that  I  never  impUed 
that  there  was  any  critical  value  for  the  choke  ;  only 
that  a  certain  minimum  value  is  necessary,  after  which 
it  becomes  the  equivalent  of  one  indefinitely  great. 
So  that  we  really  seem  in  complete  agreement.  I 
belie\-e  that  he  has  fallen  into  an  error  in  his  treatment 
of  the  contribution  of  the  control  valve  to  the  output. 
Or  rather,  while  right  about  the  action  of  this  valve — 
whose  effect  on  the  total  output  is  virtually  to  make 
the  mean  value  remain  equal  to  the  normal  unmodulated 
output  of  the  oscillator — he  seems  to  ha\-e  forgotten 
that  when  one  valve  only  is  in  operation  the  mean 
output  will  be  something  considerably  less  than  the 
above  steady  output.  All  this  quite  apart  from  con- 
siderations of  the  maximum  instantaneous  excursions, 
on  which,  after  all,  modulation  depends.  The  amount 
of  steady  anode  current  consumed  in  this  valve  when 
not  in  operation  is  a  local  question  depending  on  grid 
mesh,  and  so  on,  and  can  be  quite  negligible.  Taken 
in  conjunction  with  what  Captain  Eckersley  has  pointed 
out,  I  think  that  this  justifies  the  assertion  that  the 
control  valve  does  make  its  due  contribution  to  the 
telephonic  or  modulated  output. 

With  reference  to  Professor  Whiddington's  remarks, 
I  owe  him  a  debt  of  gratitude  for  first  clearing  my 
ideas  on  this  subject,  some  years  ago.  A  radio  frequency 
modulated  or  supplied  at  another,  say,  sound  frequency, 
will  give  a  group  or  family  of  waves  of  which  the 
resonance  curve  will  appear  as  a  central  ("  carrier  ") 
wave  accompanied  on  each  side  by  a  series  of  diminishing 
intensity,  like  the  Crusader  on  the  old  memorial  brasses 
surrounded  by  his  family.  It  is  quite  plain  that  this 
is  a  mathematical  necessity,  and  that  consequently 
during  speech  the  radiation  is  in  the  form  of    a    con- 


stantly changing  broad  band  or  "  spectrum  "  of 
waves,  though  it  should  be  refnembered  that  the 
subsidiary  waves,  being  weaker,  tend  to  disappear, 
and  at  great  distances  the  "  spectrum  "  narrows  again 
til!  practically  only  the  principal  wave  remains.  But 
in  alluding  to  the  change  of  wave-length  so  far 
inseparable  from  all  known  means  of  modulation, 
I  did  not  intend  to  refer  to  this  phenomena,  far  less  to 
controvert  it,  but  rather  to  the  shght  change  of 
frequency  of  the  oscillator,  that  is  of  the  carrier  wave 
or  central  point  of  this  spectrum.  In  telephony,  as 
I  visuahze  it,  not  only  is  this  spectrum  in  itself  com- 
pounded of  the  various  spectra,  each  derived  from  a 
definite  audio-frequency,  fundamental  or  harmonic,  but 
it  is  constantly  changing  with  each  speech  sound  ;  and, 
with  its  centre  or  "Crusader"  wave,  is  also  subject 
to  a  general  fluctuation  round  about  its  normal  un- 
modulated frequency,  so  that  it  is  realh'  a  very  complex 
matter  indeed.  In  any  case  the  principal  difficulty 
of  all  wireless  telephony  is  the  means  of  modulation, 
and  any  contributions  ought  to  be  welcomed,  because 
we  cannot  know  too  much  about  it.  As  regards  Dr. 
Whiddington's  reference  to  the  dead  or  "  quiescent 
aerial  "  system,  his  independent  re-discovery  of  this 
corollary  of  choke-control  filled  us  with  great  hopes, 
and  it  was  no  small  disappointment  to  find  that  it  had 
already  been  patented  in  America,  and  also  to  discover 
certain  inherent  defects  which  mihtated  against  speech- 
quality.  This  will  no  doubt  come  under  consideration 
in  Captain  Eckersley 's  paper  on  "  Duplex  Wireless  Tele- 
phony." At  the  same  time  I  cannot  help  but  consider  it 
as  the  foundation  of  the  probable  future  duplex  system. 

Major  Vincent  Smith  has  spoken  about  the  simplifi- 
cation of  the  sets.  It  was  due  to  him,  ver\^  largely, 
that  we  were  forced,  much  against  our  will,  to  simphfy 
to  the  extreme.  It  is  very  largely  because  he  made 
us  "  dance  in  chains  "  that  we  succeeded  in  arriving 
at  this  great  simplicity,  which  meant  all  the  difference 
between  success  and  failure.  He  has  referred  to  what 
may  be  called  the  mental  or  spiritual  difficulties  of  the 
introduction  of  telephony  in  aircraft,  ^^'e  knew  them 
too  well,  and  only  an  unwavering  faith  in  its  possibilities 
in  the  most  definitely  difficult  and  unpromising  field 
enabled  us  to  see  the  victory  of  the  spoken  word.  On 
behalf  of  those  who  worked  with  me,  I  should  Uke 
to  thank  him  for  the  kind  things  he  has  said  about  us. 

I  do  not  think  that  Captain  Eckersley's  or  Captain 
Furnival's  interesting  remarks  call  for  any  comment 
by  me. 

Answering  Captain  Round,  I  am  extremely  glad  that 
he  has  raised  the  historical  side,  because  I  am  conscious 
that  the  text  of  my  paper  does  not  make  clear,  as  it 
should,  that  while  the  novelty  lay  in  their  unprecedented 
application,  the  transmitting  circuits  employed  in  the 
apparatus  I  described  were  all  reproductions  of,  or 
founded  upon,  those  developed  before  the  war  by 
himself  and  his  assistants.  Before  the  war  they  had 
brought  the  small-power  valve  wireless  telephone  to 
a  remarkably  high  state  of  development,  and  in  June, 
1914,  demonstrations  employing  various  circuits  had 
been  given  between  my  house  and  the  Marconi  works, 
to  representatives  of  the  Army,  Navy,  and  Post  Office, 
so  that  in  attacking  the  subject  of  aeroplane  telephone 
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working  the  circuits  and  system  were  already  at  hand, 
and   the  problem  was  that   of  applying  them  to  the 
novel  conditions.     Thus  the  first  aeroplane  transmitting 
set  {Fig.  i)  employed  bodily  his  coupled  circuit  arrange- 
ment and  was  a  direct  adaptation  of  the  ground  set 
demonstrated  by  the  Marconi  Company  in  1914.     The 
great  advance  made  by  Captain  Round  by  the  "  plain 
aerial  "  system  of  excitation  for  continuous  waves  was 
what  gave  the  impetus  to  the  search  for  a  satisfactory 
method  of  applying  voice  modulations  to  such  a  circuit, 
and   when,    in   the   course   of   my   experimenting,    the 
problem  was  submitted  to  him,  he  came  to  the  con- 
clusion that  a  modification  of  one  of  his  1914  anode 
control  circuits  would  be  the  most  suitable  ;   and,  after 
some    confirmatory    experiments    at    Marconi    House, 
gave  me  on  5th  May,  191 7,  a  sketch  of  the  choke  control 
circuit  described,  which  was  embodied  in  the  Mark  II 
transmitting   set.     It   was   afterwards   found   that   the 
same  idea  was  set  forth  in  an  American  patent  speci- 
fication of  the  General  Electric  Company  of  America, 
and   when   the   American    Signal   Corps   brought   over 
some  specimen  apparatus  in  1918  it  was  found  to  be 
employing  a  system  of  modulation  similar  to  that  of 
our  service  instrument.     I   may  say  that,  apart  from 
the  origination  of  the  circuits.  Captain  Round's  continual 
advice  and  help  were  of  the  greatest  possible  assistance 
also  throughout  the  course  of  development.     Turning 
to  his  remarks  about  grid  and  anode  control,  this  opens 
up    many   interesting   considerations   of  the   exact   re- 
lationship of  his   1914  circuit   (having  the  microphone 
transformer  in  the  grid  circuit,  and  a  choke  in  the  anode 
supply)  with  the  later  two-valve  development.     I  agree 
that  it  seems  correct  to  consider  the  former  as  essentially 
a  choke  control  system,  though  with  one  valve  only, 
and  it  was,  I  believe,  recognized  by  him  as  such  at  the 
time.     Where,    however,    no    such    choke    is    inserted, 
i.e.  there  is  plain  grid  control,  I  would  be  inclined  to 
think  that  there  was  an  essential  difference  between  the 
two  arrangements  :     (i)  where  the  anode  is  kept  at  a 
fixed    potential    by    an    unhmited    source    of    current 
suppHed    through    a    negligible    impedance,    while    the 
electrification  of  the  grid  was  varied  ;    and   (2)  where 
the  latter  was  constant  (except  in  so  far  as  it  was  affected 
through   the   reaction   coupling)    and   the   potential   of 
the    anode    varied.     The    actions    must,    however,    as 


Captain  Round  suggests,  be  very  complex.  The  title 
"  choke  control  "  has  now,  however,  passed  into  common 
parlance  as  descriptive  of  the  particular  two-valve 
arrangement  shown  in  Fig.  3. 

Mr.  Dowsett  will,  I  trust,  find  many  of  his  remarks 
answered  by  what  I  have  just  said.  The  first  or  Mark  I 
set  was  made  from  my  designs  as  he  describes.  The 
filtering  out  of  lower  speech  frequencies  was  only 
suggested  by  me  as  a  possible  correction  to  be  apphed 
in  cases  where  the  latter  might  be  unduly  favoured. 
Human  thought  (in  English)  is  principally  conveyed 
through  the  consonants  and  liigher  harmonics,  and 
squeaky  speech,  though  unlovely,  is  intelligible  ;  whereas 
speech  in  which  only  the  lower  frequencies  exist  conveys 
no  meaning.  When  intelhgibility  is  of  the  greatest 
importance,  it  might  be  worth  while  to  exaggerate  the 
frequencies  on  which  it  depends.  It  was  merely  a 
suggestion.  The  making  of  a  microphone  to  work 
satisfactorily  in  extreme  noise  is,  of  course,  one  of  the 
greatest  difficulties  of  aeroplane  work,  and  so  far  as 
our  interminable  experiments  showed,  all  devices  to 
reduce  the  external  noise  are  merely  changes  rung  on 
the  theme  of  general  insensitiveness.  The  best  hope 
for  improvement  Ues  in  quieter  machines  ;  and  already 
civil  aircraft  are  proving  better  in  this  respect  than  the 
fighting  aeroplanes  we  had  to  equip.  Mr.  Dowsett  is 
right  in  pointing  out  that  it  is  by  no  means  impossible 
at  present  to  produce  a  generator  quiet  as  regards 
ripple,  or  "  telephonically  silent."  But  this  is  only 
half  the  problem.  There  are  generally  high-frequency 
disturbances  (akin  to  magneto  noise)  set  up,  mainly  by 
sparking  at  the  brushes,  which  are  a  still  more  serious  diffi- 
culty where  high-frequency  magnification  is  employed. 
However,  there  seems  good  hope  of  finally  conquering 
both  difficulties,  even  with  large  magnification. 

Mr.  Swann  has  referred  to  the  occasion  on  which 
speech  with  c  •  2  ampere  aerial  current  was  picked  up 
at  Lowestoft  from  St.  Omer.  This  was  undoubtedly 
a  magnificent  achievement  in  reception,  by  a  station 
equipped  by  Captain  Round  with  the  most  efficient 
possible  apparatus.  My  reference  to  it,  however,  was 
not  meant  to  involve  any  estimate  of  the  merits  of 
either  transmitter  or  receiver,  but  merely  to  point 
the  moral  of  the  efficiency  of  radiation  of  the  shorter 
wave  then  in  use. 
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Introductory. 

The  disconnection  of  faulty  plant  or  feeders,  whilst 
at  the  same  time  maintaining  continuity  of  supply, 
is  at  the  moment  one  of  the  most  pressing  ol  the 
problems  which  confront  the  power  station  engineer  and 
is  becoming  one  of  ever  increasing  difficulty  as  net- 
works are  extended,  larger  power  units  are  installed 
and  adjoining  systems  are  linked  up.  Under  present 
conditions,  moreover,  almost  every  network  consists 
of  a  collection  of  cables  laid  at  various  dates,  so  that  no 
system  of  protection  which  involves  duplicate  cores, 
pilot  leads,  conducting  sheaths,  or  the  like,  can  be 
regarded  as  a  general  solution  of  the  problem.  The 
methods  adopted  must  be  such  as  can  readily  be  applied 
to  the  various  sections  of  an  existing  system  as  well 
as  to  future  extensions. 

The  author  believes  the  four  cardinal  points  of  a 
protective  system  to  be  : — 

(i)  The  maintenance  of  continuity  of  supply. 

(2)  Simplicity  of  the  apparatus  involved. 

(3)  Adaptability   to    existing    gear    with    minimum 

alteration,    and    flexibility    as    regards    future 
extensions. 
{4)  Economy  in  its  true  sense,  having  regard  to  the 
capital   sunk   in   cables,   etc. 

The  present  paper  is  an  attempt  to  show  how  these 
ideals  can  be  attained  by  simple  means  with  well-tried 
apparatus  and  without  recourse  to  special  conductors 
which,  however  desirable  in  themselves,  are,  more 
often  than  not,  quite  out  of  the  question. 

The  fundamental  requirements  of  a  protective  system 
have  been  admirably  summed  up  by  Mr.  S.  L.  Pearce  j 
as   follows  : — 

"  First  of  all  we  want  to  make  sure  that  any  consumer's 
fault,  however  severe,  shall  be  cleared  without  upsetting 
the  system.  The  same  remark  applies  to  the  apparatus 
in  any  of  the  regular  public-supply  substations.  If 
these  two  conditions  be  attained  we  come  to  the  third 
point,  viz.  that  a  feeder  at  the  main  generating  station 
should  not  be  automatically  disconnected  except  in 
the  event  of  a  fault  to  earth  on  any  of  its  three  phases. 
Then,  fourthly,  the  main  generators  ought  not  to  be 
disconnected  from  the  busbars  through  any  fault  on 
feeders  or  consuming  devices.  They  should  only  be 
cut  off  in  the  event  of  a  fault  on  any  of  their  own 
windings,   with  which  can  be  combined  overload  pro- 

"  The  expression  "  protection,"  used  in  this  sense,  is  well  established,  but  in 
the  author's  opinion  is  somewhat  ot  a  misnomer.  To  speak  of  the  "  isolation 
of  faults  "  would  be  better,  since  no  circuit  breaker  "  protects  "  a  system 
against  the  occurrence  of  a  fault.  Its  functions  are  limited  to  the  isolation  of 
the  faulty  section. 

t  Journal  I.E.E.,  1914,  vol.  53,  p.  177. 


tection   to   guard   against  busbar   faults — a   somewhat 
remote  contingency." 

The  components  of  every  system  may  be  classified 
as  follows  : — 

Independent  feeders,  single  or  parallel. 
Interconnectors,  single  or  parallel. 
Ring  mains,  single  or  parallel. 
Consumers'  connections. 
Generators,  transformers,  busbars,  etc. 

Advantages  of  an  Earthed  Neutral. 

Intimately  connected  with  the  problem  of  the  isola- 
tion of  faults  is  the  question  of  earthing  the  neutral 
point.  Whatever  advantages  may,  at  one  time,  have 
been  claimed  for  the  insulated  neutral,  it  is  now  fully 
recognized  that  the  advantages  are  all  in  favour  of 
earthing,  and  the  protection  against  over-pressures 
(whether  due  to  atmospheric  effects  or  to  intermittent 
earths),  which  is  afforded  by  the  damping  efiect  of  a 
resistance  in  the  earth  circuit,  is  seen  to  be  so  impor- 
tant that  both  American  and  Continental  practice  are 
fast  following  the  lead  given  by  this  country.  In  the 
present  paper,  earthed  systems  alone  are  dealt  with, 
since,  in  the  author's  opinion,  the  first  step  towards 
the  attainment  of  satisfactory  protection  is  to  earth 
the  svstem  through  a  resistance.  At  the  same  time, 
many  of  the  arrangements  recommended  are  also 
applicable  to  insulated  systems. 

Apart  altogether  from  the  value  of  earthing  through 
a  resistance  as  a  protection  against  over-pressures — 
into  a  discussion  of  which  it  is  not  proposed  to  enter — 
it  affords  a  means  whereby  the  majority  of  faults  can 
be  cleared  in  their  initial  stages  as  single-phase  leakages 
to  earth,  instead  of  being  left  on  the  system  imtil  they 
have  developed  into  short-circuits  betrween  phases. 
When  it  is  considered  that  on  a  large  system  the  magni- 
tude of  a  short-circuit  is  almost  unhmited  and  may 
well  amount  to  half  a  million  kilovolt-amperes,  the 
vital  importance  of  this  is  self-evident.  The  ill  effects 
of  a  fault  are  impossible  to  predetermine  and  are  felt 
to  the  remotest  parts  of  the  system  in  the  form  of 
over-pressures,  breaking  down  of  insulators,  machinery 
falling  out  of  step,  short-circuiting  of  transformer  and 
machine   end-windings,    and   so   forth. 

The  principles  underlying  leakage  protection  are  by 
no  means  new,  having  been  introduced  in  connection 
with  the  "  leakage  indicators  "  developed  some  15 
years  ago  under  the  then  newly  introduced  Coal  Mines 
Regulations.  An  early  arrangement  is  shown  in  Fig.  i.* 
In  this  device  the  magnetic  balance  of  the  three  currents 

*  Electrical  Revirjf,  June  i6th,  1905. 
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is  used,  any  inequality  (due  to  leakage)  being  shown 
by  a  magnetic  flux  in  the  transformer  core  which 
Induces  an  electromotive  force  in  the  secondary. 

Fig.  2  illustrates  the  application  of  this  principle  to 
a    circuit    breaker.*     The    three-phase    generator   (G), 
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Fig.   I. — Early  form  of  core-balance  leakage  indicator. 

with  earthed  neutral,  is  connected  to  a  feeder,  the 
three  cores  of  which  are  surrounded  by  the  iron  circuit 
of  a  current  transformer  (C  T)  having  a  single  secondary 
winding,    connected    to    a    relay    (R).     Under    normal 
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Fig.  2. — I.eakage  protection  of  feeder. 

conditions,  no  matter  how  much  the  load  may  be  out  of 
balance,  the  sum  of  the  three  currents  is  zero  and  the 
resultant  flux  in  the  transformer  core  will  be  negligibly 
small.     An   earth   fault   on   any   phase,    however,    will 
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FiG.*3. — Leakage  and  overload  protection  of  feeder. 

upset  the  balance  in  the  three  lines  and  induce  a  current 
in  the  secondary  of  the  transformer,  causing  the  relay 
to  operate  and  the  breaker  to  open  the  circuit.  Fig.  3 
shows  a  similar  arrangement,  but  in  this  case  three 
separate   current   transformers   are    connected    in    star 

•  E.  B.  Wedmore,  Transactions  of  the  Institution  of  Mttiittg  Engineers,  1910, 
vol.  38,  part  2. 


and  the  leakage  relay  (L  R)  is  included  in  the  common 

return. 

An  obvious  objection  to  leakage  protection  when 
used  by  itself  is  that,  should  the  fault  either  start  as, 
or  immediately  develop  into,  a  short-circuit  between 
phases,  there  will  be  no  out-of-balance  current  and, 
consequently,  the  leakage  relay  will  not  act.  To  obviate 
this,  overload  relays  (O  R,)  and  (O  R,)  can  be  included 
in  two  of  the  branches,  as  shown  in  Fig.  3,  and  under 
these  circumstances  one  at  least  of  the  relays  will  act 
under  all  possible  fault  conditions,  whether  of  short- 
circuits   or  earths. 

Since  one  of  the  principal  advantages  of  such  an 
arrangement  lies  in  the  smaller  current  with  which  the 
circuit  breakers  are  called  upon  to  deal,  it  is  obviously 
essential  to  limit  the  earth  current,  and  this  can  best 
be  done  by  an  earthing  resistance  connected  between 
the  generator  neutral  and  "  earth  "  (E  R  in  Fig.  3). 
The  construction  of  such  resistances  and  their  most 
suitable  capacities  are  dealt  with  later. 

The  Protection  of  Independent  Feeders. 

Fig.  3  shows  a  single  outgoing  feeder,  and  if  this 
merely  runs  to  a  distributing  point  no  further  protection 
is  required,  beyond  that  shown  in  the  figure.  The 
relays  O  R,  and  O  R^  would  be  given  a  short  time- 
lag  {preferably  an  inverse  function  of  the  current)  to 
prevent  opening  with  a  momentary,  and  possibly  inno- 
cuous, short-circuit  or  overload.  The  leakage  relay 
(L  R)  may  be  made  instantaneous  in  its  action,  if  thought 
desirable,  but  since  the  earth  current  is  definitely  limited 
by  a  resistance  there  is  no  objection  to  leaving  such  a 
fault  on  the  system  for  a  time  and  this  is  often  advisable, 
for  the  same  reasons  as  apply  to  overload  relays. 


Fig.  4. — Single  feeders  in  series. 

In  many  cases  the  feeder  will  run  to  a  substation  from 
which  other  feeders  radiate.  Fig.  4  shows  such  a  system 
in  rudimentary  form.  G  S  is  the  generating  station, 
S  Si  and  S  S,  are  substations,  while  C,  C,  C  are  consumers' 
installations  or  other  feeding  points.  Suitable  circuit 
breakers  must  be  installed  at  the  points  Ri,  R,,  R3,  etc., 
and  it  is  further  clear  that  should  a  fault  develop  beyond 
the  substation  S  S,,  although  the  fault  current  will 
be  carried  by  all  the  cables  between  this  point  and  the 
generating  station,  yet  only  those  breakers  which 
control  the  faulty  feeder,  namely  R4  or  Rj,  must  operate. 

Such  discriminating  action  can  be  obtained,  as  is 
well  known,  by  giving  the  various  relays  different  time- 
lags.  For  example,  R..,  R^  and  Rj  would  have  the 
shortest  lags  since  the  sooner  a  fault  is  cleared  from  the 
feeders  which  they  control,  the  better.  The  time- 
lag  of  R3  will  be  somewhat  longer  and  that  of  Ri  longer 
still.  In  this  way  it  is  ensured  that  the  breaker  nearest 
to  the  fault  will  always  come  out  first,  thus  reducing 
to  a  minimum  the  sections  of  the  system  which  are  shut 
down.     The    time    interval    between    the    operation    of 
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successive  relays  in  series  must  not  be  less  than  that 
required  for  the  opening  of  the  breaker  after  the  closing  of 
the  relav  contacts,  or  the  second  breaker  may  commence 
to  act  before  the  first  has  isolated  the  fault.  Modem 
sw-itchgear  may  be  relied  upon  to  open  the  circuit  within 
about  one-fifth  of  a  second  or  even  less,  but  older  gear 
will  probably  take  considerably  longer.  To  this  time 
must  be  added  that  required  for  the  relay  to  operate, 
as  well  as  a  margin  for  contingencies. 

It  mav  be  assumed  in  general  that  intervals  of  ^ 
second  should  be  sufficient  for  quick-acting  gear  or 
|-  second  with  less  efficient  patterns.  Assuming  i 
second  intervals,  the  relay  settings  for  the  system 
shown  in  Fig.  4  might  be  as  follows  : — 
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To  ensure   that  the  consumer's  breaker   shall   open 
first  of  all  an  extra  J  second  might  be  given  all  round. 
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Fig.  5. — Short-circuit  current  of  4,000-kw.  turbo-altemator. 


In  any  case  the  respective  circuit  breakers  will  open 
from  one-fifth  to  one-quarter  of  a  second  later  than  the 
times  given  above. 

Such  graded  time-lags,  when  applied  to  overload 
relays,  have  a  further  very  important  advantage  which 
does  not  seem  to  have  received  the  attention  it  deser\-es. 
It  is  well  known  that  although  the  short-circuit  current 
of  a  modem  alternator  is  comparatively  small,  probably 
not  more  than  twice  to  three  times  its  full-load  current, 
yet  the  momentary  current  flowing  into  a  short-circuit 
may  be  10  times  as  great  as  the  steady  value.  This 
is  due  to  the  fact  that,  whilst  the  steady  short-circuit 
current  is  limited  by  a  weakening  of  the  field  owing  to 
armature  reaction,  the  field  necessarily  dies  away  but 
slowly  and,  during  the  interval,  the  current  is  limited 
by  resistance  and  inductance  alone.  Fig.  5*  is  a  tj-pical 
curve  indicating  the  way  in  which  the  current  rises  to 
a  maximum  and  then  gradually  falls  to  its  steady  value. 
Now  in  the  case  of  a  dead  short-circuit  occurring  close 
to  the  generating  station,  it  will  be  seen  that  if  the 
breaker  were  to  open  instantly  it  would  have  to  break 
a  current  nearly  7  times  as  heavy  as  if  it  opened  after 
ij  seconds,  as  would  be  the  case  with  the  settings 
proposed  above.     The  further  from  the  generating  station 

•  A.  H.  Law  :  Journal  I.E.E.,  1910,  vol.  45,  p.  344. 
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a  fault  occurs  the  more  the  short-circuit  current  will 
be  reduced  by  the  impedance  of  the  inter\'ening  feeders, 
so  that  shorter  time-lags  can  safely  be  given  to  the 
relays. 

The  question  still  remains  as  to  whether  the  time- 
lags  should  be  fixed  *  or  inverse,  i.e.  independent  of  the 
magnitude  of  the  fault  current  or  an  inverse  function 
of  it.  It  may  be  stated  without  fear  of  contradiction, 
that  more  interruptions  of  supply  are  caused  by  opening 
circuits  prematurely  than  by  leaving  a  fault  on  the 
system  for  too  long  a  time.  An  interval  of  2  seconds, 
however,  should  probably  be  regarded  as  the  upper 
limit,  and  for  substations  containing  synchronous 
machinery  this  figure  must  be  considerably  reduced. 
If  fixed  time-lags  are  employed  they  must  be  suffi- 
ciently short  to  deal  adequately  with  short-circuits 
and,  as  a  result,  cables  may  be  disconnected  unneces- 
sarily on  the  occurrence  of  small  momentary  overloads. 
For  these  reasons  inverse  time-lags  are  in  every  way 
to  be  preferred. 

Fig.  6  gives  the  relative  time  curves  of  inverse  time- 
lag  overload  relays  of  the  induction  type,  set  to 
operate  with  three  different  time-lags,  to  correspond  with 
the  values  proposed  for  the  relays  of  Fig.  4.  It  will 
be  seen  that  for  currents  exceeding  five  times  those 
for  which  the  relays  are  set  the  time-lags  reach  an  almost 
steady  value,  and  it  is  this  figure  which  should  be  taken 
as  the  criterion,  and  not  the  point  at  which  the  curve 
cuts  the  vertical  axis,  which  is  necessarily  somewhat 
indefinite  and,  moreover,  only  applies  to  very  small 
overloads.  For  this  reason  relays  should  invariably 
be  scaled  both  in  overload  and  short-circuit  time-lags. 
It  may  be  added  that  no  relay  can  be  considered  satis- 
facton,'  unless  its  time  curve  becomes  practically  hori- 
zontal at  a  moderate  overload,  othenvise  the  intervals 
between  the  operation  of  successive  relays  may  become 
too  short  to  allow  of  one  breaker  opening  the  circuit 
before  that  next  behind  it  commences  to  act.  It  is, 
moreover,  essential  that  the  curves  corresponding  to 
different  settings  should  follow  one  another  closely 
throughout. 

In  both  these  respects  the  induction  relay  is  much 
to  be  preferred  to  the  fuse-shunted  solenoid  pattern. 
A  fuse  is,  at  best,  a  capricious  piece  of  apparatus,  and 
for  a  large  distribution  system  to  be  dependent  upon 
its  vagaries  seems  to  represent  verj'  doubtful  economy. 
Solenoid  relays  with  air  dashpots  are  better,  but  for  all 
important  circuits  the  overload  relaj^s  should  undoubtedly 
be  of  the  induction  pattern  with  separately  adjustable 
current  and  inverse  time  settings. 

Whilst  the  time-lags  suggested  above,  namely  a 
maximum  of  i\  seconds,  on  the  occurrence  of  a  severe 
short-circuit  near  the  generating  station,  are  moderate, 
it  may  happen,  in  the  case  of  a  large  number  of  relays 
in  series  or  when  it  is  necessarv-  to  allow  much  longer 
interi'als  between  time  settings  on  successive  relays,  that 
the  delay  on  the  relay  at  the  generating  station  becomes 
excessive. 

A  simple  method  of  overcoming  this  difficulty  is 
based  upon  the  following  considerations. f  The  only 
case  in  which  long  time-lags  are  objectionable  is  when 

♦  Or  **  definite,"  as  they  are  called  in  America. 

t  L.  MURPHV  :  Journal  I.E.E.,  1914,  vol.  53,  p.  172. 
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a  fault  occurs  close  to  the  generating  station,  for  example, 
in  the  feeder  between  G  S  and  SSi  in  Fig.  4.  Should 
such  a  fault  develop  into  a  dead  short-circuit  between 
phases,  it  is  essential  to  clear  it  with  the  least  possible 
delay,  the  criterion  of  urgency  being  the  extent  to 
which  the  voltage  is  pulled  down.  A  convenient 
means  of  applying  this  principle  consists  in  arranging 
the  tripping  mechanism  of  the  relays  at  Rj  (Fig.  4), 
and  possibly  at  R3  also,  so  that  should  the  voltage  fall 
to,  say,  70  per  cent  of  the  normal,  the  time-lag  is 
automatically  shortened  to  perhaps  half  a  second  in  each 
case.  There  is  no  objection  to  these  two  relays  having 
the  same  time-lags,  since  it  is  hardly  possible  that  both 
should  simultaneously  be  subjected  to  a  fault  capable 
of  pulling  down  the  voltage  to  that  extent.  If  there  is 
any  fear  of  this,  the  70  per  cent  can  be  reduced  to  any 
desired  extent.  The  same  principle  may  be  applied 
to  all  the  relays,  but  when  the  time-lags  are  already 
short  it  presents  no  particular  advantage. 

The  foregoing  remarks  refer  more  especially  to  the 


protection  by  means  of  fuses  is  usually  advocated  in 
addition,  whereby  simplicity  is  sacrificed  and  the  in- 
stantaneous action  which  is  generally  put  forward  as  a 
great  feature  of  such  systems  is  entirely  lost. 

It  is  to  be  observed  that  the  leakage  relay  (L  R  in 
Fig.  3)  takes  the  place  of  one  of  the  three  overload  relays 
which  would  otherwise  be  required  for  pure  overload 
protection,  so  that  the  adoption  of  leakage  tripping 
does  not  involve  any  extra  gear.  In  this  connection 
it  may  be  pointed  out  that  the  current  transformers 
can  be  used  to  operate  measuring  instruments  if 
necessary,  but  this  practice  is  to  be  deprecated,  not 
only  because  larger  current  transformers  are  necessary 
but  also  because  there  is  considerable  risk  of  the 
instrument  circuits  being  interfered  with  for  checking 
or  other  purposes,  and  it  is  most  undesirable  that 
the   relay  circuits  should  be  disturbed  in  any  way. 

The  current  settings  of  the  relays  will  necessarily 
depend  upon  the  capacity  of  the  feeder,  as  well  as  upon 
the  load  with  which  the  individual  breaker  is  capable  of 
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Fig.  6. — Time  curves  of  induction  type  inverse  time-lag  overload  relays. 


overload  relays  (O  Rj  and  O  R,  in  Fig.  3),  but  much  the 
same  considerations  apply  to  the  leakage  relays  (L  R) 
except  that,  owing  to  the  fact  of  the  leakage  current 
being  definitely  limited  by  the  earthing  resistance, 
there  is  no  great  advantage  in  cutting  down  the  time- 
lag  to  a  minimum.  With  leakage  relays,  likewise,  there 
is  nothing  to  be  gained  by  the  adoption  of  a  fixed 
time-lag,  although  the  objections  to  it  may  be  less 
strong  than  in  the  case  of  overload  relays. 

This  combination  of  leakage  and  overload  relays  has 
the  important  advantage  that  it  is  sufficient  in  itself 
to  deal  with  faults  at  any  and  every  point  of  the  system, 
including  the  substation  busbars,  whereas  many  other 
methods  such  as  the  Merz-Price  or  the  "  split  conductor," 
whilst  excellent  in  themselves,  act  in  watertight 
compartments,  as  it  were,  in  that  they  only  control 
individual  sections  of  the  feeders  and  afford  no  protection 
whatever  to  the  substation  busbars.  Moreover,  should 
one  of  the  relays  or  circuit  breakers  fail  to  act,  there  is 
absolutely  no  second  line  of  defence  and  the  whole 
system  is  left  at  the  mercy  of  the  fault.  For  this 
reason,  when  balanced  protection  is  adopted,  overload 


dealing,  since  with  a  number  of  feeders  in  series,  as  in 
Fig.  4,  the  full-load  currents  will  be  progressively  smaller 
the  further  the  feeders  are  from  the  generating  station. 
Although  too  much  reliance  must  not  be  placed  upon  the 
grading  of  the  current-settings  as  a  means  of  discri- 
mination, it  has  naturally  an  important  bearing  upon 
the  question.  As  has  been  pointed  out,  the  time  curve 
of  a  relay  should  become  nearly  horizontal  for  currents 
exceeding,  say,  4  times  the  setting  (see  Fig.  6).  Conse- 
quently, if  the  short-circuit  current  exceeds  this  value 
in  the  case  of  all  the  relays  through  which  it  passes  in 
series,  each  one  will  operate  after  the  same  lapse  of 
time  if  they  are  all  set  for  the  same  time-lag. 
On  most  systems,  however,  such  a  state  of  things  is 
very  unlikely,  owing  to  the  normal  current  at  each 
succeeding  substation  being  progressively  less  due  to  the 
load  tapped  off.  Whilst,  therefore,  the  minimum  time 
necessary  for  the  operation  of  the  breakers  should  form 
the  basis  in  arriving  at  the  time  intervals  between  the 
settings  of  the  relays,  nevertheless,  a  considerable 
reduction  is  nearly  always  possible  owing  to  the  dis- 
criminating effect  of  the  current  settings. 
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As  an  example  of  this,  a  large  railway  system  near 
London  may  be  cited  as  having  in  one  case  five  sets  of 
induction-type  overload  relays  in  series,  each  operating 
at  50  per  cent  above  the  full  load  of  its  feeder  and  set 
with  an  inter\'al  of  only  i/io  second  between  their 
short-circuit  time-lags.  Several  faults  have  occurred 
at  different  points  and  have,  in  each  case,  been  cleared 
without  anv  disturbance  to  the  system.  In  this  con- 
nection, it  cannot  be  too  strongly  emphasized  that  for 
the  effective  operation  of  any  system  of  protection, 
two  things  are  essential  :  firstly,  a  knowledge  of  the 
short-circuit  current  liable  to  flow  on  the  occurrence 
of  a  fault  at  any  particular  point  of  the  system  and, 
secondly,  an  understanding  of  the  fundamental  principles 
upon  which  the  particular  form  of  protection  in  use  is 
based.  No  gear  is  fool-proof  and  no  two  distribution 
systems  are  precisely  alike,  consequently  readjustments 
of  time  and  current  settings,  as  the  result  of  experi- 
ence, are  always  necessary  and,  if  intelligently  carried 
out,  will  often  make  the  whole  difference  between  success 
and  failure. 

The  current  settings  of  leakage  relays  necessarily 
depend  upon  the  value  to  which  the  earthing  resistance 
limits  the  fault  current,  and  this  question  is  discussed 
when  dealing  with  the  earthing  resistances  themselves. 
In  the  meantime  it  may  be  pointed  out  that  since  the 
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Fig.  7. — Parallel  feeders. 

current  flowing  through  the  leakage  relay  is  the  out- 
of-balance  current  of  three  current  transformers  (Fig.  3) 
it  is  important  that  the  latter  should  have  similar 
ratio  curves.  On  the  other  hand,  if  the  time-lags  of 
the  leakage  relays  are  graded  so  as  to  give  intervals 
at  least  as  long  as  those  of  their  corresponding  overload 
relays,  any  want  of  balance,  whether  due  to  unequal 
distribution  of  current  or  differences  in  the  current- 
transformer  ratio  curves,  will  be  of  small  importance 
since  such  a  want  of  balance  is  only  detrimental  in  the 
event  of  a  heavy  short-circuit  beyond  the  leakage  relay 
in  question,  and  this  will  be  cleared  as  an  overload 
before  the  out-of-balance  current  has  had  time  to 
operate  any  leakage  relay. 

The  Protection  of  Parallel  Feeders. 

Fig.  7  shows  a  pair  of  parallel  feeders  running  from  a 
generating  station  (G  S)  to  a  substation  (S  S),  one  phase 
only  of  each  feeder  being  shown  for  the  sake  of  clear- 
ness. Suppose  a  fault  to  develop  at  F,  current  will  be  fed 
into  it  through  both  the  faulty  and  the  sound  feeders, 
as  indicated  by  the  arrows,  and  the  problem  is  to 
isolate  the  faulty  feeder  without  interfering  with  the 
sound  one.  A  very  usual  arrangement  is  to  install 
reverse  relays  at  the  substation  end  of  each  feeder, 
on  the  assumption  that  the  normal  flow  of  power  being 
from  left  to  right,  a  flow  from  right  to  left  necessarily 
implies  a  fault  and  would  cause  the  appropriate  relay 
to  operate. 


An  objection  to  this  arrangement  is  that  if  the  cables 
are  heavily  loaded  at  the  time,  a  high-resistance  fault 
may  not  cause  the  current  to  reverse  at  all  so  that  the 
feeder  will  not  be  isolated.  In  fact,  with  two  parallel 
feeders,  unless  the  current  to  earth  exceeds  the  total 
load  current  at  the  moment,  reversal  cannot  take  place, 
and  with  three  or  more  feeders  the  required  excess  will 
be  still  greater.  This  condition  necessitates  the  installa- 
tion of  a  larger  earthing  resistance  than  would  otherwise 


Fig.  8. — -Differential  reverse  relay  protection  of  a  pair  of 
parallel  feeders.  (Only  one  phase  of  each  feeder  is 
shown  and  pressure  connections  are  omitted,  for  the 
sake  of  clearness.) 

be  necessar^•,  thus  throwing  an  undue  strain  upon  all 
parts  of  the  system  owing  to  the  heavier  fault  current. 
This  difficulty  can  be  overcome  by  the  use  of  differ- 
ential reverse  relays,  the  current  connections  for  the  sub- 
station end  being  shown  in  Fig.  8,  the  pressure  windings 
being  omitted  for  the  sake  of  clearness.  C  Tj  and  C  T,  are 
two  current  transformers,  cross-connected  in  such  a  way 
that  a  flow  of  power  in  the  direction  indicated  by  the 


Fig.  9. — Differential  reverse  relay  protection  of  three 
parallel  feeders.  (Only  one  phase  shown  and  pressure 
connections  omitted,  for  the  sake  of  clearness.) 

arrows  merely  causes  a  circulation  of  current  in  the 
secondaries,  and  none  flows  through  the  relays  R  Rj  and 
R  R,  which  are  connected  in  series  between  equi- 
potential  points.  On  the  occurrence  of  a  fault,  the 
currents  in  the  two  feeders  are  no  longer  equal  and 
the  difference  current  flows  through  the  reverse  relays 
which  are  so  arranged  that  one  or  the  other  operates, 
according  to  the  direction  of  the  current  through  them, 
and  thus  isolates  the  faulty  feeder  alone. 
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Since  the  relays  operate  with  a  given  difiference  current, 
it  is  immaterial  whether  there  is  actual  reversal  or  not ; 
in  fact  the  difference  current  is  always  equal  to  twice 
the  leakage  current  flowing  into  the  fault  through  the 
substation.  A  further  important  advantage  possessed 
by  this  arrangement,  as  compared  with  simple  reverse 
relays,  is  that  a  surge  producing  a  simultaneous  reversal 
of  current  in  both  feeders  will  not  cause  either  relay  to 
operate.  Such  a  reversal  mav  well  occur,  particularly 
with  rotarv  substation  machinery,  when  a  secondary' 
fault  is  suddenly  cleared  by  the  opening  of  a  low- 
tension   circuit  breaker. 

In  the  case  of  four  or  six  parallel  feeders,  they  can  be 
very  simply  arranged  in  pairs  ■  and  with  three  such 
feeders  the  connections  shown  in  Fig.  9  are  applicable. 
Normally,  all  three  feeders  carry  approximately  equal 
currents.     In  the  event  of  anv  variation  in  the  currentin 


divide  itself  almost  equally  between  the  two  feeders  and, 
under  these  conditions,  there  is  a  risk  of  the  sound  feeder 
coming  out  instead  of  the  faulty  one.  Morever,  after 
the  latter  has  been  isolated  at  the  generating  station  end 
the  fault  current  will  still  flow  into  the  sound  feeder 
and  may  cause  its  relay  to  operate.  For  these  reasons 
it  is  preferable  to  install  differential  reverse  relays 
(Figs.  8  or  9)  at  the  outgoing  end  as  well  as  at  the  other. 
Besides  ensuring  the  isolation  of  the  faulty  feeder  alone, 
this  arrangement  has  the  advantage  of  uniformity.  It 
will  be  seen  from  Fig.  7  that,  at  the  substation  end, 
the  fault  current  flows  in  opposite  directions  through  the- 
two  current  transformers  so  that  the  effect  upon  the 
relays  is  doubled,  and  for  this  reason  the  settings  may 
be  low,  with  the  corresponding  advantages  of  leakage 
protection. 

If  the  relays  at  the  outgoing  end  have  isolated  the- 
faulty  feeder  before  those  at  the  substation  the  fault 
current  wUl  flow  into  the  sound  feeder,  and  as  it  then 
forms  the  out-of-balance  current  it  will  operate  the  relay 
and  isolate  the  sound  feeder  as  well.  To  prevent  this, 
the  circuit  breaker  on  each  feeder  should  be  fitted  with 
an  auxiliary  contact  which,  in  coming  out,  renders 
inoperative  the  relay  on  the  opposite  feeder.  At 
the  substation  end  this  is  unnecessary  since  after  the 
breaker  has  acted  the  out-of-balance  circuit  flows' 
in  such  a  direction  as  to  hold  the  other  relay  open. 
Apart  from  the  fact   that  a  reversal  will  cause  its. 


Fig.  10. — Pair  of  parallel  feeders  protected  by  biased  differen- 
tial reverse  relays.  (Onl}'  one  phase  shown  and  pressure 
connections  omitted,  for  the  sake  of  clearness.) 


Fig.   II. — Reverse  relay  compensated  for  voltage. 


one  of  them,  due  to  a  fault,  the  difference-current  flows 
through  the  corresponding  relay  and  causes  it  to  operate. 
As  soon  as  this  has  occurred,  and  the  faulty  feeder  has 
been  disconnected,  the  dead  current  transformer  and  its 
relay  merely  represent  useless  impedance  and  reduce 
the  sensitiveness  of  the  remaining  two  relays.  To 
obviate  this  a  switch  (S)  should  be  provided  which  is 
automatically  closed  by  the  circuit  breaker  as  it  comes 
out,  so  that  the  current  transformer  is  short-circuited 
and  the  connections  of  Fig.  9  become  equivalent  to  those 
of  Fig.   8. 

At  their  outgoing  ends,  parallel  feeders  present  much 
the  same  problem  as  a  single  feeder  and  may  be  similarly 
dealt  with  by  means  of  combined  overload  and  leakage 
trips,  a  group  of  relays  as  shown  in  Fig.  3  being 
apphed  to  each  feeder.  If  this  is  done,  graded  time- 
lags  must  be  applied  to  both  the  overload  and  leakage 
relays,  on  the  principles  already  indicated.  If  the  fault 
occurs  close  to  the  substation  the  fault  current  may 


relay  to  act,  the  sound  feeder  is  left  without  protection^ 
To  remedy  this,  overload  relays  may  be  added  or  the 
reverse  relays  can  be  rendered  operative  on  a  heavy 
forward  current.  The  relay  shown  in  Fig.  11  can  be 
arranged  to  act  with  such  a  current  if  the  pressure 
circuit  is  opened,  which  can  readily  be  done  by  means 
of  an  auxiliary  switch  operated  by  the  circuit  breaker 
as  already  described.  It  must  not  be  forgotten  that  the 
whole  load  current  now  forms  the  out-of-balance  current 
and  it  is  therefore  essential  that  the  relay  windings 
should  be  capable  of  carrying  it  without  overheating. 
Failing  this,  the  relays  must  be  cut  out  of  circuit  by 
the  auxiliary  switch,  separate  overload  protection  being 
provided  at  the  outgoing  end. 

If  there  are  a  number  of  parallel  feeders  in  series, 
laid  out,  for  example,  on  the  lines  of  Fig.  4,  perfect 
discrimination  is  afforded  by  the  arrangement  described, 
the  reverse  relays  being  only  operative  in  the  case  of 
faults   in   the   particular   lengths   of  cable   which   they- 
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control,    so   that   no   discriminating   time   settings    are 
necessary  and  the  problem   becomes  a  simple  one. 

If  a  pair  of  feeders  is  connected  to  the  busbars  through 
transformers  the  relays  may  be  connected  on  the  second- 
ary side  so  as  to  isolate  the  transformer  as  well  as  the 
feeder.  In  the  case  of  reverse  relays  it  is  often  recom- 
mended that  the  potential  coils  should  be  fed  from  the 
primary  side  of  such  a  transformer  so  as  to  minimize 
the  effect  of  a  fall  of  voltage  in  the  event  of  a  severe 
secondary  fault.  This  is  advisable,  if  it  can  conveniently 
be  done,  but  with  a  relay  having  the  characteristics 
shown  in  Fig.  12  it  is  not,  by  any  means,  essential. 
Another  consideration  which  enters  into  the  question 
of  whether  the  relays  should  be  fed  from  the  primary 
or  secondary  sides  of  such  a  transformer  is,  that  if  it 
steps  down  from  an  exceedingly  high  pressure  to  a 
moderate  one,  the  cost  of  the  transformers  is  much 
reduced  if  they  are  connected  on  the  lower  voltage 
side.  It  should  be  pointed  out  that  if  the  power 
transformer  in  question  is  connected  delta-star  or 
star-delta  there  will  be  a  phase  displacement  of  30° 
between  primary  and  secondary-  which  must  be  corrected 
in  the  relays.  This  is  readily  done  by  changing  the 
connections  of  the  pressure  windings  from  star  to 
delta  or  vice  versa,  it  being  noted,  at  the  same  time, 
that  there  is  a  corresponding  change  in  the  value  of 
the  voltage  applied  to  each  relay,  which  must  be  allowed 
for.  It  may  be  observed  that  transformers  protected 
in  this  way  do  not  run  the  risk  of  being  isolated  through 
an  abnormal  rush  of  magnetizing  current  when  first 
switched  in,  as  may  occur  with  Merz-Price  transformer 
protection,  for  example. 

It  has  so  far  been  assumed  that,  under  normal  condi- 
tions, the  currents  in  all  the  parallel  feeders  are  equal. 
If  the  cross-sections  of  the  feeders  differ,  the  current 
transformer  ratios  should  be  so  chosen  that  when  the 
feeders  are  running  in  parallel,  the  secondar\^  currents 
of  the  transformers  are  equal.  Moreover,  it  is  important 
that  the  currents  should  distribute  themselves  correctly 
between  the  two  or  more  parallel  feeders  and  that  the 
current  transformers  should  have  similar  ratio  curves 
and  phase  displacements.  If  these  points  are  not 
attended  to  there  is  a  risk  of  the  relays  on  sound  feeders 
acting,  owing  to  a  fault  beyond  them.  A  little  considera- 
tion will  show,  however,  that  the  effects  of  a  slight  lack 
of  balance  are  not,  in  practice,  so  serious  as  might 
at  first  sight  appear,  so  long  as  similar  inverse  time- 
lags  (however  short)  are  given  to  all  the  relays,  since 
those  on  the  sound  sections  will  onlj-  tend  to  operate 
by  reason  of  such  want  of  balance,  whereas  the  relays 
controlling  the  faulty  feeder  will  be  influenced  by  the 
whole  fault  current  and  will  therefore  come  out  first. 
In  any  event  it  is  only  one  feeder  of  the  pair  which  is 
disconnected,  so  that  no  great  harm  will  be  done. 

Various  methods  have  been  suggested  for  giving 
the  necessary  "  bias  "  to  the  relays  of  Figs.  8  or  g, 
so  as  to  prevent  any  unavoidable  want  of  balance  from 
causmg  trouble  in  this  way.  Merely  to  increase  the 
current  setting  is  not  a  solution,  since  with  a  heavy 
short-circuit  amounting,  as  it  well  may,  to  100  times 
the  full-load  current  a  want  of  balance  of  5  per  cent 
wUl  involve  an  out-of-balance  current  through  the 
relays  of  five  times  full  load,  and  is  therefore  bound  to 


'  be  many  times  greater  than  that  necessary  to  operate 
them.  What  is  required  is  that  the  bias,  instead  of 
being  constant,  should  increase  with  the  current  in  the 
feeders  ;    that  is  to  say,   the   bias  should    represent  a 

'   definite  percentage  of  the  current   flowing. 

A  method  of  carrying  this  into  effect  is  shown  dia- 
grammatically  in  Fig.  10.  R  Rj  and  R  R;,  are  a  pair 
of  reverse  relays,  fed  by  current  transformers  C  T,  and 
C  T;,  cross-connected  as  in  Fig.  8.  Besides  the  usual 
fixed  control  which  gives  a  definite  current  setting 
to  each  of  the  relays,  a  biasing  coil,  B  C,  applies  an 
additional  control  which  is  proportional  to  the  current 

,  flowing  in  the  feeders.  If  this  auxiliary  control  is  such 
as  to  give  a  bias  of  5  per  cent  or  at  most  10  per  cent, 
it  will  cover  all  likely  contingencies  as  regards  want  of 
balance.  It  is  usually  desirable  that  the  bias  should 
increase  more  than  in  proportion  to  the  current,  since 
unbalancing  is  often  more  pronounced  at  heavy  overloads. 

I  In  the  case  of  substations  fed  by  a  large  number  of 
parallel  feeders,  or  from  two  sources  by  independent 
pairs  of  such  feeders,  it  may  sometimes  be  possible  to 
treat  a  pair  as  a  single  unit  and  to  isolate  both  on  the 
occurrence  of  a  fault  in  either.  If  this  is  permissible 
the  two  reverse  relaj^s  in  Fig.  8  can  be  replaced  by  a 

'  single  overload  relay  controlling  the  circuit  breakers  in 
both  feeders. 

Requirements  of  a  Reverse  Relay. 

It  is  of  fundamental  importance  in  the  case  of  all 
protective  systems  involving  reverse  relays  that  the 
latter  should  operate  with  certainty  even  if  the  voltage 
of  the  system  is  pulled  down  to  a  small  fraction  of  the 
normal.  The  usual  reverse  relay  consists  of  a  watt- 
meter movement  provided  with  a  pair  of  contacts,  so 
that,  at  a  given  power  factor,  the  current  required  to 
actuate  it  is  inversely  proportional  to  the  voltage. 
For  example,  should  the  latter  fall  to  5  per  cent  of  the 
normal,  the  current  will  have  to  rise  to  20  times  the 
setting  before  the  relay  will  act.  To  get  over  this 
difficulty  such  relays  are  usually  set  so  as  to  operate 
with  10  per  cent,  or  even  less,  of  the  normal  full  load 
so  that,  under  the  conditions  assumed  above,  the  relay 
would  trip  with  twice  the  full-load  current.  Such 
an  arrangement  might  seem  quite  rational  since  there 
is  no  difficulty  whatever  in  designing  a  sufficiently 
sensitive  rela3^  But  to  set  it  to  act  at  such  a  low 
current  is  to  court  disaster,  seeing  that  momentary 
reversals  amounting  to  considerably  more  than  10  per 
cent  are  bound  to  occur  in  practice,  and  for  a  circuit 
breaker  to  be  tripped  under  such  conditions  is  fatal. 

The  only  true  solution,  therefore,  is  to  render  the 
reverse  relays,  as  far  as  possible,  independent  of  a  fall 
in  voltage,  and  the  working  principle  of  a  well-known 
form  of  such  relay  is  shown  in  Fig.  11.  It  is  a  moving- 
coil  instrument  having  an  iron  circuit  carrying  two 
fixed  windings,  a  current  coil  (C  C)  and  a  volt  coil 
(V  C),  so  connected  as  to  assist  one  another  with  a  for- 
ward current  and  to  oppose  one  another  with  a  reversal. 
The  moving  coil  (^I  C)  is  connected  in  series  with  V  C 
and  a  non-inductive  resistance  (R)  between  phases 
or  to  the  neutral  point,  according  to  circumstances. 
The  windings  Y  C  and  C  C  being  in  opposition  under 
operating   (reverse)    conditions,   the  flux  in  the  air-gap 
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for  a  given  current  increases  rapidly  as  the  pressure  falls 
and  thus  largely  compensates  for -the  reduced  current 
flowing  through  the  moving-coil  winding. 

Fig.  12  shows  how  successfully  this  result  is  accom- 
plished. It  will  be  seen  that  a  relay  set  to  operate  at 
25  per  cent  of  full  load,  under  normal  voltage  conditions, 
will  only  require  twice  full-load  current  to  actuate  it, 
even  should  the  voltage  of  the  system  fall  to  2  per 
cent  of  the  normal.  Such  a  result  puts  the  reverse 
relay   upon   an   entirely  different  footing  and  removes 


of  the  phase  voltage  may  have  upon  its  operation.  If, 
on  the  other  hand,  the  fault  occurs  between  phases 
A  and  B  the  vector  will  swing  nearly  90°  in  the 
opposite  direction. 

A  simple  method  of  getting  over  this  difficulty,  due 
to  Mr.  E.  B.  ^^■edmore,  consists  in  connecting  the 
pressure  winding  between  B  and  C,  when  the  current 
winding  is,  as  before,  in  phase  A.  Under  normal 
conditions  at  unity  power  factor  the  current  and  pres- 
sure will  be  90^  out  of  phase  and  a  corresponding  phase 
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Fig.   12. — Curve  sho\\-ing  current  required  to  operate  the  relay  of  Fig.   11,  under  low- voltage  conditions. 


the  objection  which  was  at  one  time  so  often  raised. 
This  form  of  relay,  moreover,  can  be  designed  to 
operate  with  an  exceptionally  heavy  forward  current 
(say  20  times  the  setting)  at  zero  voltage  and,  as 
has  been  seen,  this  is  sometimes  a  useful  feature. 

It  must  not  be  forgotten  that  in  the  case  of  a  fault 
between  two  lines  only,  the  fall  of  voltage  will  not  be 
the  same  on  all  three  phases  and  a  seriously  distorted 
voltage   triangle   will   result.     In    Fig.    13    the   normal 


B      "  CI! 

Fig.  13. — Voltage  triangle.     (Normal  conditions  on  left:  and 

after  severe  short-circuit  between  phases  A  and  C,  on 

right.) 

voltage  triangle  is  shown  on  the  left,  whilst  on  the  right 
is  seen  that  resulting  from  a  severe  single-phase  short- 
circuit  between  phases  A  and  C.  As  usually  connected, 
the  pressure  winding  of  the  reverse  relay  whose  current 
coil  is  in  phase  A  w-ould  be  joined  between  A  and  an 
artificial  neutral  point  N.  Under  normal  conditions, 
with  a  non-inductive  load,  the  current  and  pressure  are 
in  phase  with  one  another  and  are  each  represented  in 
direction  by  AN.  Under  the  short-circuit  conditions, 
as  represented  by  the  right-hand  figure,  the  current 
A  C  and  the  pressure  A  N  are  seen  to  be  almost  90° 
out  of  phase  with  one  another  and,  consequent!)-,  the 
relay  will  require  an  unlimited  current  to  operate  it, 
quite  apart  from  any  effect  which  the  reduced   value 


displacement  is  introduced  into  the  relay  windings  so 
as  to  bring  the  current  and  pressure  fluxes  into  phase. 
Under  the  short-circuit  conditions  shown  in  the  right- 
hand  figure  the  current  (A  C)  and  pressure  (B  C)  are 
seen  to  be  still  practically  90°  out  of  phase.  In  fact  the 
greatest  departure  from  this  displacement  occurs  in 
the  case  of  a  moderate  fault  between  the  two  phases, 
when  it  falls  to  60".  The  maximum  deviation  from  the 
mean  position  under  all  possible  conditions  is,  therefore, 
only  15°  in  either  direction.  Moreover,  the  voltage 
between  B  and  C  is  but  little  reduced  compared  with 
that  to  the  neutral  (A  N) .  With  three-core  cables  a 
short-circuit  between  two  phases  which  does  not  at 
once  spread  to  the  third  phase  is  almost  an  impossibility, 
but  on  overhead  lines  it  is  one  of  the  commonest  of 
faults,  besides  being  by  no  means  unknown  in  circuit 
breakers  and  busbars,  and  in  all  cases  where  a  severe 
single-phase  fault  is  liable  to  occur  the  relay  connections 
just  described  should  be  adopted. 

Allusion  may  be  made  to  an  extensive  overhead 
system  working  at  20,000  and  100,000  volts  which 
suffered  from  a  series  of  shut-downs  due  to  lightning 
and  on  which  various  systems  of  protection  were  tried 
and  found  quite  ineffective.  Compensated  differential 
reverse  relays  as  just  described  were  then  installed 
and  proved  successful  in  every  possible  way  ;  in  fact, 
it  is  not  too  much  to  say  that  they  saved  the  situation 
under  most  trying  conditions. 

The  contact-making  arrangement  of  the  relay, 
shown  in  Fig.  11,  may  be  w-orthy  of  mention.  As 
soon  as  the  contacts  close  at  C  a  current  flows  through 
the  breaker  trip  coil  (T  C)  in  series  with  the  small 
magnet  (M)  which  is  thereby  energized  and  by  attracting 
an  armature  (A),  carried  by  the  contact  arm,  draws 
the  latter  up  firmly,  thus  ensuring  continuous  and 
effective  contact.  \\'ith  this  arrangement,  carbon  con- 
tacts are  employed  instead  of  the  more  delicate  tungsten, 
platinum    or    mercury.     The    circuit    breaker    should 
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be  so  arranged  that,  in  coming  out,  it  opens  a  switch 
(S)  and  thus  releases  the  contact  arm  so  that  the  relay- 
resets  itself  automatically.  This  auxiliary  switch  is 
essential  in  all  cases,  since  it  is  most  undesirable  that 
the  circuit  should  be  broken  at  the  relay  contacts. 

Protection  of  Interconnectors  and  Ring  Mains. 
In  these  the  normal  flow  of  power  may  be  in  either 
direction,  according  to  the  distribution  of  the  load  at  the 
moment.  The  case  of  two  generating  stations,  G  Sj  and 
G  S,  {Fig.  14),  connected  ^by  a  single  interconnector 
(upper  figure)  presents  no  difficulty,  overload  protec- 
tion at  each  end  being  all  that  is  required.  If  the 
feeders  are  parallel  (lower  figure)  the  differential 
reverse  relays  of  Fig.  8  or  Fig.  9,  installed  at  each 
end,  will  meet  the  case.  The  arrangement  already 
described  for  preventing  the  operation  of  the  relays  on 
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Fig.  14. — Feeders  interconnecting  two  generating  stations. 

the  sound  feeder  after  the  faulty  one  has  been  isolated 
is,  of  course,  essential. 

The  ring  main  in  Fig.  15  presents  a  more  difficult 
problem.  The  interconnector  between  the  substations 
S  Sj  and  S  S;  cannot  be  controlled  by  overload  relays 
since  it  may  carry  an  overload  due  to  a  fault  between 
the  generating  station  and  S  Sj,  for  example.  Nor 
can  reverse  relays  be  used,  since  the  flow  of  current  may 
be  in  either  direction  under  quite  normal  conditions. 
A  simple  solution  is,  however,  possible  on  the  following 
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Fig.  15. — Protection  of  a"ring  composed  of  single  feeders. 

lines.  If  the  ring  were  open  at  'R_^,  power  would, 
under  all  conditions  of  load  or  faults,  flow  in  a  clock- 
wise direction,  and  overload  relays  with  discriminating 
time-lags  installed  at  Rj,  R,  and  R3  would  afford  the 
desired  protection,  in  precisely  the  same  way  as  with 
independent  feeders.  If,  on  the  other  hand,  the  ring 
were  open  at  Ri  the  flow  of  power  would  always  be 
in  a  counter-clockwise  direction  and  overload  relays 
with  discriminating  time-lags  could  be  installed  at 
R4,  Rj  and  Rg.     If,  now,  the  ring  be  completely  closed 


the  following  conditions  hold  good,  no  matter  on  which 
section  the  fault  occurs  : — 

(1)  The   fault   current   will   always   flow   through   Ri 

and  R.J  in  an  outward  direction. 

(2)  The  relays  R^  and   Rj  should  be  responsive  to 

a  clockwise  flow  of  power  alone. 

(3)  Relays   Rj    and    Rg   should   be  responsive    to    a 

counter-clockwise  flow  of  power  alone. 

If,  therefore,  overload  relays  are  installed  at  Rj 
and  R4  with  reverse  relays  at  R2,  R3,  R5  and  Rg,  they 
can  all  be  so  set  as  to  be  inoperative  except  under  fault 
conditions.  In  Fig.  15  the  arrows  show  the  direction 
of  flow  to  which  the  various  relays  should  be  responsive 
and  the  figures  in  circles  indicate  suitable  short-circuit 
time  settings,  on  the  assumption  that  a  minimum  in- 
ter\-al  of  half  a  second  is  required  between  successive 
relays. 

Fig.  16  shows  a  more  extensi\-e  system,  involving  a 
ring  main,  four  substations  and  two  generating  stations. 


Fig.   16. — Protection  of  a  system  comprising  two  generating 
stations  and  four  substations. 

In  this  case  relays  R,,  R3,  R12,  R4  and  Rj  are  arranged 
to  be  responsive  to  a  clockwise  flow  of  power,  while 
Ry,  Rji,  Rg,  Rg  and  Rjo  respond  to  a  counter-clockwise 
flow,  and  Rj,  Rg,  R13,  R14,  R15  and  Rjg  may  be  pure 
overload  relays.  As  before,  the  respective  direc- 
tions are  indicated  by  arrows  and  appropriate  short- 
circuit  time-lags  are  shown  by  the  figures  in 
circles. 

It  wiU  be  noticed  that  the  time  settings  of  relays 
R,,  R,,  Rg,  R7,  R13  and  R14  are  somewhat  long  and, 
although  in  most  cases  they  might  very  probably  be 
reduced  owing  to  the  discrimination  aftorded  by  the 
current  settings,  in  other  cases  the  times  might  even 
have  to  be  increased  if  the  circuit  breakers  were  slow  in 
action.  To  avoid  leaving  a  hea\-y  short-circuit  on  the 
system  for  so  long  a  time,  the  arrangement  already 
described  whereby,  should  the  voltage  fall  to  a  prede- 
termined value  (say  70  per  cent  of  the  normal),  the 
time  settings  are  reduced  to  a  lower  figure,  may  usefully 
be  apphed  to  these  four  relays.  By  accelerating  the 
time-lags  by  one  second  in  this  way,  the  maximum 
possible  interval  during  which  a  short-circuit  could  be 
held   would   be   ij  seconds.  . 
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The  reverse  relays  should,  of  course,  be  such  as  to  be 
unaffected  by  a  fall  of  voltage,  and  it  is  a  great  advan- 
tage, for  the  reasons  already  gone  into,  for  the  relays 
to  be  responsive  not  only  to  overloads  but  also  to 
leakage. 

Fig.  17  shows  such  an  arrangement.*  The  relays 
R,  and  Rj  have  their  current  and  potential  windings 
connected  to  phases  i  and  3  respectively,  and  will 
consequently  respond  to  overloads  or  to  short-circuits 
between  any  of  the  phases.  The  leakage  relay  (L  R) 
has  its  current  winding  in  the  common  return  of  the 
current  transformers  and  is  provided  with  three  pressure 
windings  each  fed  from  one  of  the  single-phase  potential 
transformers  Tj,  T^  and  T3,  the  primaries  of  which  are 
connected  in  star  and  earthed.  If  the  insulation  of 
the  three  mains  is  perfect,  the  potential  trans- 
formers will  have  equal  voltages  applied  to  their  pri- 
maries and  the  resultant  flux  due  to  the  leakage  relay 


Fig.   17. — Feeder    protection    by    combined    overload    and 
leakage   reverse  relays. 

pressure  windings  will  be  zero.  If,  however,  phase 
3,  for  example,  goes  to  earth,  transformer  T3  will  have 
a  reduced  voltage  applied  to  it,  whereas  that  of  Tj 
and  T2  will  be  increased.  As  a  result,  the  balance  will 
be  upset  and  there  will  be  a  resultant  pressure  flux  in 
L  R  in  phase  with  the  voltage  between  line  3  and  earth. 
The  leakage  current  will  also  be  practically  in  phase 
with  this  voltage  and  will  therefore  cause  L  R  to  operate. 
By  this  means,  relays  Ri  and  R,  wiU  deal  with  overloads 
whilst  relay  L  R  deals  with  a  leakage  to  earth,  and 
each  relay  discriminates  correctly  as  regards  direction. 
With  such  reverse  and  leakage  relays  at  the  substation 
ends  of  the  feeders,  overload  and  leakage  relays  (as  in 
Fig.  3)  may  be  employed  at  the  generating  station 
ends,  but  it  is  often  preferable  for  the  sake  of  uniformity 
to  employ  the  same  relays  throughout  and  the  connec- 
tions of  Fig.  17  are  equally  applicable  to  the  outgoing 
ends. 

•  See  also  Patent  No.  8569  of  1912  (E.  B.  ^Vedrao^eJ. 


In  many  cases  the  interconnectors  forming  the  ring 
may  be  run  in  parallel  and,  in  that  c;ise,  a  simple 
solution  is  afforded  by  the  use  of  the  differential  reverse 
relays*  shown  in  Figs.  8  or  9,  as  the  case  may  be.  A 
moderate  time-lag  of,  say,  ^  second  will  be  found  suffi- 
cient for  all  the  relays,  since  they  are  inoperative 
except  against  a  fault  in  the  particular  feeder  which  they 
control.  At  the  generating  station  ends  pure  overload 
relays  may  be  substituted  for  the  differential  reverse 
relays,  since  the  flow  of  power  is  always  in  the  same 
direction  at  these  points,  but  it  is  usually  more  con- 
venient to  employ  the  same  type  6t  relay  through- 
out, and  exact  discrimination  is  thereby  more  easily 
obtained. 

It  is  important  to  distinguish  between  the  functions 
of  the  relays  at  the  respective  ends  of  the  parallel 
feeders.  Referring  to  Fig.  7,  it  will  be  seen  that  at 
the  outgoing  end  the  faulty  feeder  carries  the  larger 
current,  since  the  fault  current  is  in  the  same  direction 
as  the  load  current,  upon  which  it  is  superposed.  At 
the  incoming  end,  however,  the  fault  current  flows 
in  the  reverse  direction  through  the  faulty  feeder,  which 
consequently  carries  a  smaller  current  than  the  sound 
one.  The  relays,  at  the  outgoing  end,  therefore,  have 
to  isolate  the  more  heavily  loaded  of  the  two  feeders 
and  at  the  incoming  end  the  more  lightly  loaded. 

In  the  case  of  an  interconnector  or  a  ring  main  the 
flow  of  energy  may  be  in  either  direction,  so  that  the 
relays  at  each  end  must  be  able  to  e.xercise  the  one 
or  the  other  function  according  to  the  direction  of  flow. 
The  only  relays  capable  of  this  are  those  in  which  the 
sense  of  direction  is  given  by  a  pressure  winding.  Relays 
having  current  discrimination  only  can  be  arranged  to 
cut  out  either  the  more  or  the  less  heavily  loaded  feeder 
but  are  incapable  of  performing  both  functions  and  are 
therefore  useless  for  the  protection  of  interconnectors 
or  rings. 

It  is  the  custom  on  many  systems  to  run  with  the 
ring  open  at  some  point,  and  it  may  be  observed  that 
the  arrangements  proposed  for  single  and  parallel 
rings  are  equally  effective  under  these  conditions.  It 
is,  of  course,  clear  that  if  the  ring  is  permanently  open 
at  some  point  it  ceases  to  be  a  ring  and  the  overload 
protection  recommended  for  the  lay-out  of  Fig.  4  is 
applicable.  Seeing,  however,  that  it  may  at  any  time 
become  necessary  to  close  the  ring,  it  is  very  undesirable 
to  rely  upon  overload  protection  in  such  cases. 

It  will  be  obser\-ed  that  with  differential  re\"erse  relay 
protection  at  both  ends  of  parallel  feeders  the  substation 
busbars  are  unprotected.  To  remedy  this,  minimum 
voltage  relays  may  advantageously  be  installed  at 
each  substation,  and  set  to  operate  should  the  ^•oltage 
fall  to,  say,  50  per  cent  of  the  normal,  thus  causing  the 
breakers  on  the  feeders  on  either  side  of  the  faulty 
substation  to  open  and  so  to  isolate  it. 

CONXECTIONS    TO    CONSUMERS. 

In  the  case  of  large  consumers,  tiie  connections  amount 
to  what  is  practically  a  substation  and  can  be  dealt 

•  Since  in  the  case  of  interconnectors  the  flow  of  power  may  be  in  either 
direction,  even  under  healthy  conditions,  relays  used  in  this  way  might  be 
more  correctly  described  as  "directional  relays" — following  the  .American 
practice — rather  than  as  "  reverse  relays." 
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with  accordingly.  In  other  cases,  the  consumer  may 
be  merely  tapped  off  a  feeder  and  the  consumer's 
installation  should  then  be  controlled  by  overload  or, 
better  still,  by  combined  overload  and  leakage  relays 
(Fig.  3)  with  very  short  time-lags. 

A  more  difficult  problem  arises  when  a  consumer  is 
tapped  off  a  pair  of  parallel  feeders  and  is  able  to  take 
power  from  either  feeder  at  will.  In  such  a  case  protection 
of  the  ends  of  the  parallel  feeders  by  differential  reverse 
relays  (Fig.  8)  is  inadmissible  since  the  consumer's 
demand  unbalances  the  load  between  the  two  feeders.* 

Protection  of  Ge.n'eratgrs  and  Transformers. 

The  protection  of  generators  and  transformers  is 
somewhat  outside  the  scope  of  the  present  paper, 
except  in  so  far  as  transformers  can  be  regarded  as 
forming  part  of  a  feeder  and  may  then  be  protected  in 
the  way  already  described.  In  many  other  cases  trans- 
formers can  be  protected  as  part  of  a  generator, 
motor,  etc. 

The  protection  of  generators  must  be  touched  upon 
owing  to  the  effect  which  it  has  upon  the  current  capacity 
of  the  earthing  resistance.  Various  excellent  systems  are 
available  for  the  protection  of  generators,  one  of  the 
latest  being  the  Merz-Beard  in  which  the  two  ends  of 
each  generator  winding  are  led  through  a  ring  transformer 
to  the  secondary  of  which  a  relay  is  connected.  A 
fault  between  phases  or  to  earth  causes  an  inequalit}^ 
in  the  currents,  and  if  this  is  sufficiently  great  the  relays 
will  operate.  Should  an  earth  fault  develop  towards 
the  neutral  point  end  of  the  winding  the  voltage  will 
be  small,  and  in  order  to  ensure  the  operation  of  the 
relay  the  ohmic  value  of  the  earthing  resistance  must  be 
kept  much  lower  than  would  otherwise  be  necessary, 
with  the  result  that  many  of  the  advantages  of  leakage 
tripping  are  lost. 

The  reverse  relay,  compensated  for  voltage,  forms 
one  of  the  simplest  and  most  direct  methods  of  generator 
protection.  The  criterion  of  whether  a  generator  should 
be  removed  from  the  busbars  or  not  is  presumably 
whether  it  is  still  in  a  position  to  supply  power  to  the 
system  or  is  actualh-  taking  power  from  it.  This  latter 
condition  may  arise,  either  from  an  internal  short- 
circuit,  an  earth,  loss  of  field,  or  a  fault  in  the  prime 
mover.  Loss  of  field  or  failure  of  steam  does  not  usually 
involve  a  sufficient  reversal  of  power  to  make  immediate 
removal  from  the  busbars  imperative,  but  other  faults 
in  the  prime  mover,  such  as  the  seizing  of  a  bearing, 
undoubtedly  do  so.  Most  isolating  devices,  the  Merz- 
Price  or  Merz-Beard,  for  example,  are  only  sensitive  to 
an  earth  or  a  fault  between  phases  and  will  not  operate 
on  the  occurrence  of  a  short-circuit  between  turns,  or 
a  mechanical  breakdown,  or  a  mistake  in  paralleling. 
A  reverse  relay,  on  the  other  hand,  will  operate  under 
all   fault   conditions. 

The  fear  is  sometimes  expressed  that  a  heavy  cross- 
current, whether  due  to  bad  paralleling,  hunting  of 
the  generators,  or  a  fault  elsewhere  on  the  system,  may 
bring  out  the  generator  breaker  if  controlled  by  reverse 
relays.  Experience  shows,  however,  that  with  reason- 
able current  settings  and  a  time-lag  of  a  fraction  of  a 

•  An  arrangement  which  meets  this  difficulty  is  described  in  the  author's 
reply  to  the  discussion  (page  414). 


second,  such  fears  are  quite  groundless.  It  may  be 
pointed  out  that  although  the  circulating  current  between 
the  machines  is  often  considerable,  it  is  very  much  out 
of  phase  with  the  voltage  and  consequently  has  Uttle 
tendencj'  to  operate  the  relays.  On  the  other  hand, 
if  an  actual  mistake  is  made  in  paralleling  and  a  generator 
is  connected  to  the  bars  either  when  dead  or  when  out 
of  phase,  the  relay  will  act  and  prevent  damage. 

In  a  number  of  stations,  generators  are  still  "  pro- 
tected "  by  means  of  overload  relays.  It  is  then  a  matter 
of  pure  chance  whether  the  faulty  or  a  sound  generator 
is  removed  from  the  bars.  If  only  two  machines  are 
running  at  the  time  it  will  certainly  be  the  sound  one  ; 
if  there  are  a  number  running  there  may  be  some  hope 
of  its  being  the  faulty  one  which  is  cut  off.  Since 
existing  current  and  potential  transformers  can  in 
almost  all  cases  be  used,  the  change  from  overload  to 
reverse  relay  control  should  most  certainly  be  made. 

As  has  been  pointed  out,  certain  patterns  of  reverse 
relay  can  he  arranged  to  operate  with  an  exceptionally 
heavy  fonvard  current  accompanied  by  a  fall  of 
pressure.  In  the  case  of  generator  relays  this  affords  a 
means  of  isolating  the  generator  in  the  event  of  a 
serious  busbar  fault. 

It  is  important,  whatever  system  of  protection  is 
employed,  that  the  field  of  the  faulty  generator  should 
be  broken  immediately  the  machine  has  been  taken  off 
the  bars,  otherwise  the  stator  wiU  inevitably  be  de- 
stroyed owing  to  the  heavy  fault  current.  It  is  usually 
considered  inadvisable  for  the  relay  itself  to  perform 
this  operation  since,  in  the  possible  event  of  a  failure 
of  the  breaker  to  open,  the  machine  will  be  left  on  the 
bars  without  its  field.  On  the  other  hand  it  is  arguable 
that  quite  as  much  damage  might  be  done  to  the  machine 
if  it  were  pumping  current  into  the  fault  under  full 
excitation.  In  fact,  in  the  author's  opinion  it  is  of 
even  greater  importance  that  the  field  should  be  promptly 
opened  than  that  the  generator  should  be  removed  from 
the  bars,  and  the  simplicity  of  having  the  trip  coils 
of  the  field  breaker  and  main  breakers  in  series  across 
the  relay  contacts  has  much  to  recommend  it.  If  the 
relay  is  not  to  operate  the  field  switch,  the  main  breaker 
must  do  so  in  coming  out  and  subsequently  open  the 
tripping  circuit  so  as  to  reset  the  relay.  The  circuits 
must,  moreover,  be  so  arranged  that  if  the  main  breaker 
is  tripped  by  hand  the  field  is  not  opened. 

Typical  Protection  Di.agrams. 
In  Figs.  18  and  19  are  shown  a  number  of  typical 
feeders,  etc.,  with  the  method  of  protection  recommended 
for  each.  The  points  at  which  circuit  breakers  and 
relay's  are  required  are  marked  by  a  cross,  and  against 
each  is  given  the  number  of  the  figure  in  which  will  be 
found  a  connection  diagram  of  the  protective  device 
recommended.  Practically  every  system  can  be  divided 
up  into  elements  such  as  those  shown  and  the  whole 
dealt  with  in   the   way  proposed. 

Methods  of  Earthing  the  System. 
The    question    has    now    to    be    considered     of    the 
best   method    of   connecting   the  generator  neutral   to 
earth    through   its   limiting   resistance.     It    is    usually 
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possible  to  connect  the  neutral  points  of  all  the  generators 
to  a  common  bar  which  is  earthed  through  a  resistance. 
A   possible   disadvantage   of  this   arrangement   is   that 
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Fig.   1 8. — Protection  of  independent  feeders.     (The  numbers 
are  those  of  the  corresponding  figures  in  the   text.) 
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Fig.  ig. — Protection  of  interconnectors  and  rings.  (The 
numbers  are  those  of  the  corresponding  figures  in  the 
text.) 

if  the  triple  harmonic  of  tlie  wave-form  is  very 
pronounced  a  current  will  circulate  between  the 
machines.  The  heating  effect  of  this  current  is  not 
serious,   in   fact  a    triple    harmonic    current   equal   to 


as  much  as  half  the  full-load  current  of  the  generator 
will  increase  its  copper  loss  by  less  than  3  per  cent. 
At  the  saine  time,  such  circulating  currents  may  be 
objectionable  in  their  effects  upon  measuring  instru- 
ments, etc.,  and  should  this  prove  to  be  the  case 
they  can  be  eliminated  either  by  earthing  only  one 
generator  at  a  time  or  by  connecting  a  part  of  the  resist- 
ance between  each  neutral  point  and  the  earthing  bar, 
as  shown  in  Fig.  20.  If  the  resistances  Rj  and  R,  are 
each  made  equal  to  about  15  per  cent  of  R3,  the  triple- 
frequency  current  will  usually  be  reduced  to  perfectly 
negligible  dimensions  or,  of  course,  a  separate  earth 
resistance  can  be  provided  for  each  generator.  If  a 
common  resistance  is  provided,  a  switch  must  be  in- 
serted in  each  earth  connection  so  that  dead  generators 


Generators 


Fig.  20. — Neutral  point  earthing. 

can  be  disconnected  from  the  eartliing  bar.  If  tlris  is 
not  done  the  dead  generators  will  be  "  charged  "  in 
the  event  of  a  fault  on  the  system. 

If  it  is  desired  to  benefit  by  leakage  protection  on 
systems  in  wliich  tlie  neutral  point  is  not  available — ■ 
those  involving  delta-wound  generators  or  transformers, 
for  example — it  becomes  necessary  to  form  an  artificial 
neutral  point.  Resistances  or  choking  coils,  star- 
connected  to  earth,  will  not  meet  this  requirement 
since  no  current  flows  tlirough  the  fault  in  the  event 
of  one  phase  of  the  system  going  to  earth.  The 
best  arrangement  is  probably  a  zig-zag  connected 
three-phase  transformer  as  shown  in  Fig.  21.  Each 
limb  carries  two  similar  windings  connected  in  adjacent 
phases,  one  end  of  each  being  starred  and  the  remain- 
ing ends  connected,  tlirough  earthing  resistances  (E  R), 
to  the  lines.  The  small  figure  on  the  right  shows  the 
relative  phase  relationships  of  the  six  windings. 
Under  normal  conditions  the  current  taken  is  merely 
the  magnetizing  current  of  the  transformer,  but  should 
an  earth  develop,  for  example  on  the  lower  phase,  a 
voltage  is  induced  in  the  vvinduigs  connected  between 
the  faulty  phase  and  earth  on  limbs  i  and  2  by 
the  other  two  coils,  which  are  connected  to  healthy 
phases.      The  current,  flowing    to    earth   through    the 
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fault  may  be  limited  by  the  earthing  resistances  to  any 
desired  value.  This  arrangement  is  in  use  on  some 
large  plants  in  the  United  States  and  has  proved 
very  satisfactory. 

Forms  of  Earthing  Resistance. 
A    common     form    of    earthing    resistance    consists 
of    metal    grids    so    connected    in    series    and    parallel 


Fig.  21. — Delta-Connected  generator  earthed  through  zig-zag 
connected  transformer.  ij 


as  to  give  the  required  ohmic  resistance  and 
current-carrying  capacity.  Such  grids  have  a  high 
temperature  coefficient  so  that  the  current  passed 
may  fall  to  half  its  initial  value  after  some  15  seconds. 
From  this  it  follows  that  when  time-lags  are  fitted  to 
the  relays  the  initial  resistance  must  be  made  abnormally 
low  in  order  that  it  may  pass  a  sufficient  current,  after 


;3ilt5 


necessary  to  raise  the  initial  current.  As  has  already 
been  pointed  out,  the  initial  short-circuit  current  of  a 
generator  is  many  times  its  stationary  value  and, 
consequently,  it  is  of  considerable  advantage  to  have 
a  resistance  which  is  a  maximum  at  the  outset,  subse- 
quently falling  in  value  so  as  to  equalize  the  current 
rush  to  some  extent. 

An  earthing  resistance  possessing  these  features  is 
the  carbon-powder  pattern  due  to  Mr.  Brazil,  which 
consists  of  a  number  of  fireclay  troughs  containing  the 
powder  between  carbon  terminals.  The  troughs  are 
mounted  one  above  the  other  and  grouped  as  may  be 
necessary  to  give  the  required  resistance  and  current- 
carrying  capacity.  One  of  a  pair  of  such  resistances, 
installed  at  the  London  and  South-Westem  Railway 
Company's   generating   station    and    each   designed   to 
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Fig.  23. — Curve   showing  growth  of  current  in   the  Brazil 
earthing  resistance  illustrated  in  Fig.  22. 

pass  325  amperes  at  11,000  volts,  after  20  seconds 
(2,000  k.v.a.),  is  illustrated  in  Fig.  22.  Fig.  23  shows 
how  the  current  passed  gradually  increases  from   105 
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Fig.  22. — 2,ooo-kw.   11,000-volt  Brazil  earthing  resistance. 


Fig. 


24. — Curves  showing  growth  of  current  in  Bazil  earthing 
resistances. 


the  lapse  of  a  given  time,  and  still  allow  a  reasonable 
margin  of  safety.  If,  on  the  other  hand,  the  earthing 
resistance  has  a  negative  temperature  coefficient 
the  current  wOl  gradually  increase  in  value,  the  initial 
current  being  reduced  to  a  minimum,  so  that,  by  this 
means,  the  low  ohmic  resistance  required  to  deal  with 
a  high  resistance  fault  is  obtained   without  its   being 


amperes    at  the  start  to  190  amperes  after  10  seconds 
and  325  amperes  after  20  seconds. 

The  flexibility  of  such  resistances  will  be  gathered 
from  Fig.  24,  in  which  the  curves  indicate  the  growth 
of  current  in  a  single  unit  when  550,  650  and  750  volts, 
respectively,  are  applied  to  its  terminals.  The  increase 
of  current  during  a  given  time  is  roughly  proportional 
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to  the  square  of  the  apphed  voltage  ;  and  by  choosing 
still  lower  terminal  voltages,  resistances  can  readily  be 
designed  capable  of  being  left  in  circuit  for  an  indefinite 
period,  but  in  modem  practice  this  is  seldom  called  for. 
With  such  a  resistance,  a  dead  earth,  even  on  or  near 
the  busbars,  will  at  no  time  allow  the  current  to  exceed 
that  which  is  necessary  to  operate  the  relays,  so  that  not 
only  is  the  shock  to  the  system  reduced  to  a  minimum 
but  the  breaker  opens  the  circuit  at  minimum  current. 
The  Brazil  resistance,  consisting  as  it  does  of  fireclay 
troughs,  carbon  powder  and  carbon  terminals,  may  be 
regarded  as  practically  indestructible,  both  as  to  burn- 
outs and  to  insulation  breakdowns,  and  can  even  be 
run  red  hot  for  an  indefinite  period,  if  need  be,  without 
danger.  It  is,  moreover,  extremely  compact.  The 
resistance  illustrated  in  Fig.  22  designed,  as  has  been 
said,  to  deal  with  2,000  k.v.a.  at  11,000  volts,  only 
measures  56  in.  x  28  in.  x  26  in.  overall.  As  will 
be  seen,  no  particular  precautions  are  necessary  as 
regards  its  installation,  and  an  important  feature  of  the 
construction  lies  in  the  ease  with  which  the  units  can 
be  re-grouped  or  extended  at  any  time  to  meet  future 
requirements.  For  example,  if  it  is  found  that  connect- 
ing the  generator  neutrals  to  a  common  bar  gives 
trouble  from  triple-frequency  currents,  it  is  a  simple 
matter  to  re-group  the  units  on  the  lines  of  Fig.  20. 

Earthing  through  Re.\ctances. 

In  lieu  of  a  resistance  in  the  earth  circuit  the 
use  of  a  reactance  has  been  proposed,  but  such  an 
arrangement  suffers  from  serious  disadvantages.  In 
the  first  place  the  potential  difference  at  its  terminals 
is  nearly  90°  out  of  phase  with  the  current  flowing  through 
it,  so  that  the  neutral  point  is  raised  to  a  very  much 
higher  potential  above  earth  than  would  otherwise 
be  the  case.  For  example,  an  earth  fault  which  with 
a  non-inductive  earthing  resistance  would  raise  the 
neutral  point  to  50  per  cent  of  the  phase  voltage  above 
earth  will,  if  a  reactance  is  used,  increase  its  potential 
to  nearly  90  per  cent  of  that  voltage,  thus  very  greatly 
increasing  the  strain  upon  the  system  %vithout  intro- 
ducing any  corresponding  advantage. 

A  still  more  serious  objection  to  be  urged  against  a 
reactance  lies  in  its  effect  upon  surges  and  oscillations. 
A  non-inductive  resistance  connected  between  the 
neutral  point  and  earth  has  proved  a  most  potent 
factor  in  damping  out  over-pressures,  whether  due  to 
internal  or  to  atmospheric  causes.  A  reactance,  on  the 
other  hand,  not  only  does  not  damp  them  out  but  may 
form,  with  the  capacity  of  the  system,  an  oscillatory 
circuit  of  its  own.  Under  ordinary  conditions  of  working 
the  self-induction  of  the  generator  windings  is  much  too 
low  to  give  resonance  at  the  frequency  of  the  system, 
and  artificially  to  increase  the  inductance  is  therefore 
most  inadvisable.  The  question  of  resonance  was  very 
fully  gone  into  by  the  late  Mr.  Duddell  in  his  1913 
Presidential  address,*  and  in  this  connection  he  says  : 
"  Summing  up,  it  may  be  said  that  resonance  at  the 
fundamental  frequency  is  rare,  but  very  dangerous 
when  it  does  occur."  It  might  be  thought  possible  so 
to  calculate  the  value  of  the  reactance  that  resonance 
could  not  occur,  but  it  will  be  clear  that  the  capacity 

•  Journal  I.E.E.,  1914,  vol.  52,  p.  I. 


of  the  system  is  a  variable  quantity,  depending  upon 
the  number  of  feeders  in  use  at  the  time,  and,  moreover, 
it  is  not  only  resonance  with  the  supply  frequency  or 
its  harmonics  that  has  to  be  feared  but  also  sudden 
changes  of  current,  steep-fronted  waves,  sparking 
contacts,  arcs,  and  so  forth,  none  of  which  phenomena 
is  amenable  to  calculation.  Against  these  a  react- 
ance is  powerless  since  it  cannot  damp  out  a  wave, 
as  does  an  ohmic  resistance,  but  merely  reflects  it  back 
into  the  system,  usually  with  a  rise  of  pressure. 

Again,  such  a  reactance  carrying  a  fault  current  re- 
presents a  large  amount  of  magnetic  energy  stored  up, 
to  be  suddenly  returned  to  the  system  as  electrical 
energy  directly  the  circuit  is  opened  and  constituting, 
in  itself,  a  fruitful  source  of  over-pressures.  The  use 
of  a  reactance,  therefore,  is  only  permissible  when  com- 
bined with  sufficient  ohmic  resistance  to  limit  the  earth 
current  to  a  small  value,  that  is  to  say,  on  systems 
working  with  a  more  or  less  "  floating  "  neutral.  In 
a  modern  station  running  with  an  earthed  neutral 
the  use  of  a  reactance  cannot  be  regarded  as  a  practical 
proposition. 

Magnitude  of  the  Current  to  be  Passed. 

With  pure  overload  tripping  the  current  passed  on  the 
occurrence  of  a  dead  earth  must  clearly  be  greater  than 
the  current-setting  of  the  largest  circuit  breaker  on  any 
feeder.  On  small  and  medium-sized  systems  this  may 
be  satisfactory  and  the  earthing  resistance,  if  of  the 
Brazil  negative-coefficient  type,  can  be  so  proportioned 
as  to  pass  slightly  more  than  this  current  at  the  end  of 
15  or  20  seconds.  The  current  passed  durmg  the  first 
few  seconds  will  be  perhaps  60  per  cent  of  this  amount, 
and  might  .be  enough  to  clear  a  fault  at  any  outlying 
point  after  an  interval  depending  merely  upon  the 
time  setting  of  the  relay  in  question.  If,  on  the  other 
hand,  the  fault  is  on  the  largest  feeder  it  may  take  10 
or  15  seconds  to  clear,  unless  the  resistance  is  such  as 
to  pass  an  initial  current  in  excess  of  the  tripping  current 
of  the  breaker  in  question.  For  this  reason  it  is  well 
to  provide  leakage  or  differential  tripping,  at  any  rate 
on  the  larger  breakers,  so  as  to  ensure  the  rapid  isolation 
of  the  fault,  and  if  this  is  done  throughout  it  will,  in 
most  cases,  allow  of  a  considerable  reduction  in  the 
capacity  of  the  earthing  resistance. 

Whilst  it  is  impossible  to  lay  down  any  hard  and 
fast  rules  as  regards  the  current-settings  of  the  relays 
or  the  best  value  for  the  earthing  resistance,  since  each 
case  must  be  considered  upon  its  merits,  the  table  on 
page  405  may  serve  as  a  guide. 

In  calculating  the  setting  on  the  basis  of  column  2, 
allowance  must  be  made  for  the  distribution  of  the 
fault  current  between  parallel  feeders,  should  such 
exist. 

In  applying  the  third  column  it  will  often  be  found 
that  the  generator  protection  entails  a  larger  current  than 
that  of  the  feeders.  With  differential  overload  generator 
protection  the  current-setting  cannot  be  reduced  to 
a  very  small  value  for  fear  that  a  want  of  balance  should 
cause  it  to  operate  with  a  heavy  forward  current. 
In  this  connection  the  author  would  suggest  that  the 
relays  might  advantageously  be  given  a  percentage 
bias    control,   on  the  liqes  of  the  relay  illustrated  in 
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Fig.  lo,  since  the  comparatively  heav^^  current  required 
for  the  operation  of  the  generator  relays  is  often  a 
disadvantage,  neutralizing  to  a  large  extent  the  benefits 
of  leakage  protection  for  the  feeders.  With  reverse 
relay  protection,  this  objection  does  not  apply  to  the 
same  extent  since  the  operation  depends  upon  the 
direction  and  not  upon  the  magnitude  of  the  current. 
In  the  case  of  parallel  feeder  protection  the  figures  given 
in  the  last  two  columns  must  be  multiplied  by  2  for 
two  feeders  in  parallel  and  by  i  -5  for  three  such  feeders. 
When  "  straight-through  "  current  transformers  are 
used,  as  should  be  the  case  wherever  possible,  the  value 
of  the  current  passed  bj'  the  earthing  resistance  should 
not  be  less  than  100  amperes.    With  an  earthing  resist- 


attendant  evils.  The  available  current  varies  from 
that  due  to  a  small  overload  up  to  a  dead  short-circuit, 
so  that  the  secondary  power  available  for  tripping  is 
uncertain  in  value  and  is  at  times  considerably  more 
than  can  be  satisfactorily  dealt  with  by  the  relaj' 
contacts  inside  the  case.  With  leakage  tripping,  more- 
over, the  current  supplied  by  the  current  transformers 
may  be  insufficient  satisfactorily  to  operate  the  breakers. 
All  things  considered,  therefore,  this  method  should 
onlv  be  adopted  when  no  other  is  possible. 

When  method  3  (direct  current)  is  available,  it  is 
by  far  the  best,  an  accumulator  battery  being  the  ideal 
arrangement.  The  current  derived  from  an  exciter 
is  occasionally  used  but  is  not  to  be  recommended  since. 


Form  of  Protection 

Current-setting  of  Relays 

Minimum  Current  in  Earthing 
Resistance 

Overload  as  in  Fig.  3 

150  %  of  feeder  capacity 

150    ^0     of    capacity    of 
largest  feeder 

Overload  as  in  Fig.  17      . . 

150  % 

150  % 

Differential  reverse  relay  as  in  Figs.  8  or  9     . . 

70  % 

150  % 

Differential  reverse  relay,  biased  as  in  Fig.  10 

20  % 

150  % 

Leakage  relay  as  in  Fig.  3 

80  %  of  earthing  resistance  current 

20  % 

Leakage  relay  as  in  Fig.  17 

80  % 

40  % 

Merz-Price  or  JMerz-Beard  generator  protection 

40  %  of  generator  capacity 

50    %    of    capacity    of 
largest  generator 

Reverse  relay  generator  protection 

25  % 

35   /o 

ance  having  a  negative  temperature  coefiicient  the 
figures  given  in  the  last  column  may  be  taken  as  being 
the  initial  current.  If  the  resistance  has  a  large  positive 
temperature  coefficient  they  must  be  nearly  doubled. 

Methods    of    Tripping. 

The  necessary  current  for  operating  the  trip  coils 
of  the  circuit  breakers  may  be  derived  from  any  of  the 
following  sources  : — 

(i)  Alternating     current    supplied     by     a     potential 
transformer. 

(2)  Alternating    current     derived     from     a     current 

transformer  in  the  circuit  affected. 

(3)  Direct  current  from  a  battery  or  dynamo. 

(4)  Direct  current  from  an  a.c. — d.c.  machine  upon 

a  principle  suggested  by  Mr.  F.  Ayton. 

The  first  method  is  to  be  deprecated  unless  an  entirely 
independent  source  of  alternating  current  is  available, 
since  the  pressure  is  likely  to  fail  just  when  most  urgently 
required. 

The  application  of  method  2  is  shown  in  Fig.  25. 
The  contacts  of  the  relay  (R)  are  normally  closed  so 
that  the  circuit  breaker  trip  cod  (T  C)  is  short-circiuted. 
When  the  relay  operates,  the  contacts  open  and  the  cur- 
rent from  the  current  transformer  (C  T)  passes  through 
TC  and  opens  the  circuit  breaker.  Although,  at  first 
sight,  this  would  appear  to  be  an  effective  method  of 
tripping,  it  is,  in  point  of  fact,  far  from  satisfactory. 
The  relay  contacts  have  to  carrj'  a  comparativelv  hea\-y 
current  at  low  voltage,  involving  mercury  cups  with  their 


on  the  occurrence  of  a  severe  fault,  the  exciters  are 
apt  to  become  unstable  and  cases  are  on  record  where 
extremely  high  voltages  have  been  induced  in  the 
exciter  circuits  owing  to  a  single-phase  short-circuit 
in  the  generator. 

For  substations  and  other  situations  where  there  is 
no  available  source  of  direct  current,  Mr.  F.  Ayton, 
some  years  ago,  suggested  to  the  author  a  system  which 
might  perhaps  be  caUed  "  momentum  tripping."  The 
method     consists     in    driving    a    small    direct-current 

CT 
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Fig. 


-Circuit-breaker   trip   coil  operated   from   current 
transformer. 


generator  from  an  alternating-current  motor,  the  genera- 
tor serving  as  a  source  of  energy  for  actuating  the  circuit 
breakers.  In  order  that  there  might  be  no  possible 
lack  of  direct  current,  even  in  the  event  of  a  failure 
of  the  alternating-current  supply — quite  a  hkel}^  con- 
tingency— the  set  w-as  to  be  provided  with  a  ver\'  hea\'y 
flywheel.  Calculation  shows  that  the  weight  of  the 
fl^'^vheel  required  to  give  an  ample  reserve  of  power 
is  by  no  means  excessive.  At  the  same  time,  ingenious 
as    this    proposal    is,    a    storage    battery   undoubtedly 
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forms  the  best  "  flywheel "  and  is  easily  charged,  either 
through  a  rectifier  or  by  means  of  a  small  a.c. — d.c. 
set.  The  latter  requires  little  attention  and  can,  if 
necessary,  be  left  running,  entirely  unattended,  across 
the  terminals  of  the  battery,  much  as  is  done  in  the 
case  of  the  charging  dynamo  on  a  motor  car.  Provision 
should  of  course  be  made  for  giving  the  battery  an 
occasional  discharge. 

The  Checking  of  Relay  Settings. 
If  accurate  time  and  current  settings  are  to  be  obtained, 
it  is  essential  that  the  current  transformer  should  have 
the  required  ratio  curve  over  the  working  range,  and 
it  is  advisable  for  relays  and  current  transformers  to 
be  tested  in  combination.  It  is  well  known  that  the 
magnetizing  current  of  a  current  transformer  increases 
under  short-circuit  conditions  to  such  an  extent  as 
completely  to  throw  out  the  ratio  curve.  Fortunately 
the  ill-effects  upon  an  overload  relay  are  not,  as  a  rule, 
serious  owing  to  the  fact  that  the  time-lags  are  almost 
independent  of  the  current  above,  say,  4  times  the 
current-setting  (see  Fig.  6).  In  the  case  of  differential 
and  leakage  tripping  the  actual  ratio  is  of  less  importance 
than  exact  similarity  of  ratio  curves.     At  the  same  time. 
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26. — Connections   for   the   combined  testing  of    current 
transformer  and  relay. 


it  is  well  to  test  current  transformers  and  rekys  as  a 
single  unit  wherever  this  can  be  done. 

A  method  recommended  by  the  Protective  Devices 
Committee  of  the  American  Institute  of  Electrical 
Engineers,  is  shown  in  Fig.  26.  C  T  represents  the  current 
transformer  and  R  the  relay  coil.  The  testing  current 
is  applied  through  a  variable  resistance  (V  R)  to  the 
terminals  of  the  current  transformer  (which  is,  of  course, 
dead)  at  the  points  P  P,  wliich  may  conveniently  take 
the  form  of  testing  sockets.  It  will  be  seen  that  the 
current  flowing  through  the  ammeter  (A  I\I)  is  the 
resultant  of  that  through  the  relay  and  the  exciting  cur- 
rent of  the  transformer.  But  the  resultant  of  these  two 
quantities  (multiplied  by  the  ratio  of  the  transformer)  is 
equal  to  the  corresponding  primary  current.  Thus  it  is 
easy  to  calculate  what  current  to  pass  through  A  M 
in  order  to  reproduce  in  the  relay  (R)  the  current  which 
would  flow  through  it  under  working  conditions  for 
anj'  given  current  in  the  primary. 

The  current  is  adjustable  by  means  of  the  variable 


resistance  (V  R),  and  the  stop  watch  W  is,  preferably, 
so  arranged  as  to  be  started  by  the  closing  of  the  testing 
circuit  and  stopped  again  by  the  operation  of  the  relay, 
so  that  the  interval  between  these  two  events  can  be 
accurately  measured.  This  method  not  only  deals  with 
the  time  and  current  settings  of  the  relay  but  also  tests 
the  secondary  wiring  for  short-circuits  and  continuity 
and  the  current  transformer  for  a  short-circuit  or  an 
earth.  After  testing  a  current  transformer  at  a  heavy 
overload  in  this  way,  care  must  be  taken  to  demagnetize 
it  thoroughly  by  gradually  reducing  the  current  to 
zero. 

Protection  of  Current  Transformers  Against 
Over-pressures. 

This  is  a  matter  of  considerable  importance  since, 
whilst  reasonable  accuracy  is  required,  freedom  from 
breakdown  is  absolutely  essential.  Unfortunately  the 
current  transformer  feeding  a  relay  is,  from  its  position 


Fig.  27.- 


-Current  transformer  protected  against  over- 
pressures. 


at  the  end  of  a  line,  particularly  exposed  to  damage 
by  surges  and  steep-fronted  waves  ;  in  fact,  except 
possibly  for  a  line  choking  coil,  the  current  transformer 
is  the  first  reactance  which  such  a  wave  meets  as  it 
rushes  in  from  a  feeder.  In  order  to  avoid  a  breakdown 
between  turns,  the  use  of  straight-through  current 
transformers  is  to  be  recommended  wherever  possible, 
but  on  the  score  of  accuracy  this  cannot  well  be  done 
if  the  setting  of  the  relay  operated  by  it  is  less  than 
100  amperes.  Incidentally,  it  may  be  pointed  out 
that  this  forms  an  added  reason  why  measuring  in- 
struments should  not  be  fed  from  the  same  current 
transformers  as  the  relays,  since  the  former  have  to 
be  accurate  from  the  lower  limit  of  their  range  upwards, 
whereas,  with  the  latter,  accuracy  of  ratio  is  usually 
immaterial  below,  say,  half  load. 

Where  multi-turn  current  transformers  have  to  be 
employed  on  lines  liable  to  surges — and  few  can  be 
considered  immune — it  is  advisable  to  bridge  the 
primary  winding  by  a  non-inductive  resistance  which 
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forms  a  by-pass  for  the  surge  and  thereby  relieves  the 
strain  between  the  turns  of  the  winding.  Fig.  27 
shows  such  a  resistance  as  appUed  to  a  tank-type  current 
transformer.  So  long  as  the  value  of  the  resistance  is 
adapted  to  the  impedance  of  the  current  transformer 
the  accuracy  of  the  latter  is  not  appreciably  affected. 

Conclusions. 

The  points  which  the  author  has  endeavoured  to 
make  may  be  summed  up  as  follows  : — 

(i)  In  any  scheme  of  protection,  continuity  of  supply 
should  be  the  first  consideration,  simplicity  the  second, 
and  adaptability  the  third. 

(2)  The  neutral  points  of  generators  and  step-up  or 
step-down  transformers  should  be  earthed  through  a 
resistance    having  a  negative  temperature  coefficient. 

(3)  When  the  neutral  point  is  not  available  the 
sjratem  can  be  earthed  through  a  zig-zag  transformer 
and  an  earthing  resistance. 

{4)  In  a  large  number  of  cases  special  conductors 
are  out  of  the  question,  but  any  and  every  part  of  a 
distribution  system  can  be  protected  by  overload, 
reverse  or  leakage  relays  in  accordance  with  one  or 
other   of  three   alternative    methods   as    follows  : — 

(a)  For  independent  single  feeders  :  combined  over- 
load and  leakage  protection  with  graded  inverse 
time-lags  (Fig.  3). 

{b)  For  independent  parallel  feeders :  differential 
reverse  relays  with  short  inverse  time-lags 
{Figs.  8  or  9). 


(c)  A  sin,gle  interconnector  between  two  generating 

stations  can  be  treated  as  an  independent  feeder 
and  protected  at  each  end  as  in  (a)  above. 

(d)  For  a  ring  main  consisting  of  single  feeders  :  com- 

bined overload  and  leakage  reverse  relays  with 
graded  inverse  time-lags  (Fig.  17). 

(e)  For  interconnectors  or  ring  mains  composed  of 

parallel  feeders:  differential  reverse  relays  with 
short  time-lags  (Figs.  8  or  9). 

(/)  Any  of  the  above  arrangements  can  be  supple- 
mented by  minimum  voltage  protection  at  the 
substations  where  this  seems  advisable. 

{g)  For  the  protection  of  generators  running  in 
parallel,  voltage-compensated  reverse  relays 
with  short  time-lags  are  effective  against  all 
faults,  and  may  be  reUed  upon  not  to  act 
prematurely. 

(5)  All  overload  relays  must  have  similar  time/current 
curves,  with  a  definite  minimum,  independent  of  the 
overload. 

(6)  All  reverse  relays  must  be  compensated  for  a  fall 
of  voltage  down  to  2  or  3  per  cent  and  may  in  some 
cases  be  required  to  operate  with  a  heavy  current  in 
either  direction  at  zero  voltage. 

(7)  Current  transformers  should  be  of  the  straight- 
through  type  whenever  possible,  and  should  otherwise 
be  protected  by  a  non-inductive  shunt  of  ample  current- 
carrying  capacity  and  specially  adjusted  to  the  trans- 
former characteristics. 


Discussion  before  The  Ixstitutiox,  12  February,  1920. 


Mr.  E.  B.  Wedmore  :  The  author  has  collected  a 
useful  group  of  protective  devices  in  the  compass  of  a 
short  paper,  and  has  also  described  several  devices 
which  are  new — new  in  the  sense  that  they  have  not 
previously  been  described  or  discussed.  I  should  like 
to  deal  with  one  or  two  of  them.  Fig.  10  shows  a  bias 
arrangement  of  reverse-current  relays  which  has  distinct 
utility.  It  is  not  very  fully  described  in  the  paper, 
and  I  will  add  one  or  two  comments  on  it.  It  will  be 
understood  that  the  two  current  transformers  shown 
will  not  balance,  and  in  fact  cannot  be  made  to  balance 
absolutely  under  all  conditions.  Under  severe  con- 
ditions there  will  be  an  appreciable  current  circulating 
between  them  and  thevefore  through  the  relays.  That 
current  may  be  in  either  direction  according  to  which 
transformer  predominates  at  the  moment,  and  therefore 
one  or  other  of  the  relays  will  tend  to  operate.  Now 
to  overcome  this  the  author  has  added  restraining 
coils  which  exert  a  force  proportional  to  the  current  in 
the  feeders.  This  need  be  but  a  relatively  small  force 
in  order  to  wipe  out  quite  readily  the  effect  of  any ' 
unbalanced  currents  that  may  flow.  But  the  force, 
being  proportional  to  the  currents  in  the  feeders,  will 
be  small  when  there  are  only  small  currents  to  be  dealt 
with,  so  that  the  relay  remains  a  sensitive  device. 
Sensitiveness  is  not  sacrificed,  while  at  the  same  time 
troubles  due  to  small  inherent  unbalancing  of  the  trans- 
formers are  entirely  disposed  of.  That  is  the  essence 
of  what  has  been  described  hitherto  as  the  bias  principle. 


and  this  is  a  very  good  example  of  its  application. 
In  Figs.  15  and  16  the  author  advocates  a  novel  solution 
of  the  problem  of  the  protection  of  interconnectors 
and  ring  mains,  by  the  use  of  an  arrangement  of  reverse 
current  relays.  I  am  not  satisfied  that  the  device  will 
do  all  that  will  be  required  of  it.  The  author  shows 
how  fault  currents,  according  to  their  position  in  the 
system,  will  circulate  either  clockwise  or  counter- 
clockwise, so  that  if  a  relay  is  put  in  at  a  certain  point 
operating  on  the  clockwise  current  it  will  not  operate 
when  the  fault  is  on  the  other  side  of  the  relav. 
Currents  will  flow,  however,  in  these  same  directions 
when  there  are  faults  in  the  apparatus  at  substations 
or  in  the  feeders  connected  to  the  substations,  so  these 
relays  will  be  subjected  to  currents  which  will  operate 
them  when  faults  occur  outside  the  ring.  Discrimina- 
tion could  be  obtained  only  by  adding  a  time-limit 
device  to  the  relay,  but  I  do  not  think  this  solution 
I  will  oust  the  Merz-Price,  split-conductor,  and  similar 
1  solutions  which  have  been  offered,  and  which  provide 
a  complete  solution  of  the  problem  of  dealing  with 
interconnectors.  Turning  now  to  Fig.  17,  we  have  a 
novel  leakage  relay,  shown  here  in  combination  with 
overload  relays.  This  leakage  relay  has  the  feature 
that  it  can  be  inserted  at  any  point  in  the  system, 
and  will  show  on  which  side  of  that  point  the  fault  is. 
It  is  a  suggestion  of  my  own,  and  is,  I  believe,  the  only 
known  solution  of  the  problem  of  making  a  completelv 
discriminating  leakage  relay.     It  has  not  been  published 
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previously  for  the  reason  that  its  use  involves  earthing 
the    middle    point    of    the    potential    transformer,    and 
hitherto  there  has  been  a  great  deal  of  prejudice  against 
doing  so,  but  engineers  now  have  a  better  understanding 
of  what  is   involved,    and   the  device  may  come  into 
its    own.     The    fourth    novel    device   is    illustrated    in 
Fig.  13  and  is,  I  think,  worthy  of  further  consideration. 
Designers  of  reverse  relays  in  the  past  have  generally 
offered  either  a  relay  which  they  claimed  would  open 
the  circuit  in  any  case  under  very  severe  conditions, 
or   else    a   relay   which   under   very   severe   conditions 
would  at  any  rate  not  open  incorrectly.     That  has  been 
as  far  as  most  designers  have  got  ;     in  other  words, 
either  they  gave  up  the  attempt  to  produce  a  proper 
discriminating  relay  or  the  relay  itself  failed  when  the 
conditions   were   severe.     I   believe   we   now  have   the 
explanation  of  that,  although  it  is  one  which  has  eluded 
designers  hitherto,  and  even  the  author  has  not  succeeded 
in  giving  it.     I  will  endeavour  to  do  so  in  a  few  words. 
Consider   for   a   moment   the   action   of   a   wattmeter ; 
all   reverse    relays    are   imperfect    wattmeters.     If   the 
power  factor  is  unity  and  the  current  flows  in  the  forward 
direction   the  wattmeter  will  rotate   in   one   direction. 
If  the  current  lags  behind  or  leads  the  voltage  by  any 
angle  up  to  practically  90°,  the  wattmeter  will  rotate 
in  this  same  direction,  so  that  within  a  range  of  180° 
the  wattmeter  will   rotate  in   one  direction.     For  the 
opposite   range   of    180°,   however,    the   wattmeter  will 
rotate  in  the  opposite  direction.     The  designer  utilizes 
this   feature   by  preventing   rotation    in  one  direction 
and  utilizing  rotation  in  the  opposite  direction  to  actuate 
the    relay     contacts.     The     author's     diagrams     show, 
however,   that   on   a   three-phase   system   under  short- 
circuit  conditions,  quite  apart  from  any  change  of  the 
power  factor  in  the  faulty  circuit,  there  is  an  additional 
change  of  90°  in  the  relation  of  ciirrent  and  potential, 
which  change  may  be  in  either  direction  according  to 
the  phase  in  which  the  fault  occurs.     That  swing  of 
ttgo'^  wipes  out  the  whole  safe  limit  of  i8o°  which  the 
relay  should  have  had,  and  leaves  us  with  a  relay  the 
movement   of  which  is   quite   indeterminate.     This  is, 
I    believe,    the    real    explanation    why    reverse    relays, 
which  on  paper  prove  so  promising,  have  in  practice 
frequently  come  out  when  they  should  not  have  done  so, 
or  stayed  in  when  they  should  have  operated.     That 
difficulty  is  got  over  by  the  device  which  the  author 
has  partly  described,  of  taking  the  potential  connection 
to  the  relay  off  the  side  of  the  delta  opposite  to  the  phase 
from  which  the  current  is  taken.     To  convert  the  relay 
back  to  a  wattmeter  one  must  then  use  a  condenser  or 
equivalent  device.     As  a  matter  of  fact,  one  does  not 
make  the  relay  a  perfect  wattmeter.     It  is  given  its 
maximum  sensitiveness  with  a  reverse  current  with  a 
lag  of,  say,  45°,  and  then  over  the  whole  range  of  lagging 
currents   the   relay   is    very   nearly    equally    sensitive  ; 
and   the   swing   of   30°   in   either  direction,   which   the 
author  describes  as  taking  place,  still  keeps  a  long  way 
outside  the  danger  zone.     It  should  be  noted  that  this 
swing  of  30°  can  occur  only  provided  the  fault  is  not 
heavy   enough   to   pull   down   the   voltage,    so   that   in 
practice   the   relay   has  a  useful   characteristic   with   a 
range  approaching  180°,  and  will  be  safe  for  use  with 
generators  or  on  feeder  circuits.     The  relay  was  got 


out  for  a  large  existing  installation  where  it  was  im- 
practicable to  use  Merz-Price  or  split-conductor  appara- 
tus, and  it  has  given  excellent  service.  I  recall  one 
case  in  which,  on  one  pair  of  20,000-volt  lines,  19  severe 
faults  occurred  during  a  period  of  three  months,  and 
the  relay  discriminated  correctly  every  time.  I  am 
not  going  to  say  that  the  supply  was  maintained  to 
every  customer  every  time,  because  that  was  not  so. 
The  use  of  a  correctly  discriminating  relay  brought  out 
the  fact  that  there  were  certain  conditions  of  service 
on  overhead  lines  which  cannot  be  met  by  any  dis- 
criminating device.  If  there  is  a  disturbance  on  one 
line  an  adjacent  line  is  very  likely  to  be  disturbed  just 
about  the  same  time  by  the  same  conditions  of  the 
atmosphere,  and  with  reliable  discriminating  apparatus 
one  is  able  to  follow  what  occurs.  One  line  goes  out, 
and  within  a  few  minutes  the  other  line  goes  out  by  a 
continuation  of  the  same  disturbance.  Experience  with 
split-conductor  and  other  protective  systems  has  borne 
this  out,  and  it  is  found  advisable  with  overhead  lines, 
if  we  want  to  maintain  supply,  to  keep  the  parallel 
feeders  at  least  a  quarter  of  a  mile  apart  and  bring  them 
in  by  opposite  routes. 

Mr.  J.  R.  Cowie  :  It  is  with  some  diffidence  that  I 
begin   to   criticize   the   author's   paper   because,    as   he 
points  out,   every  system   has   to  be  considered   upon 
its  merits,  and  at  some  point  or  points  a  selection  of 
almost  all  the  known  methods  of   protection  must    be 
employed.     This  protection  becomes  more  complicated 
and  final  decisions  more  difficult  the  greater  the  cable 
density   in   any  given  area,  and   is  governed  not  only 
by  high-tension    characteristics    but    also   by    machine 
characteristics,  especially  where  interlinking  of  the  low- 
tension  networks  takes  place.     If  we  refer  to   Fig.    3 
we  find  there  a  well-known  example  of  simple  protection. 
On    the    Glasgow   system    this   is    employed    on    every 
converting  machine  and  upon  every  single  transformer. 
When,    however,    I    come    to    banks    of    transformers 
discriminative    apparatus   is   used,    and    on    generators 
overload  and  discriminative  gear.     The  operation  time 
for  this  overload  material  is  in  round  figures  i  second 
for  a  complete  clearing  of  a  fault.     We  set  it  as  low  as 
possible,  but  the  time  given  ought  to  be  divided  by  five 
to  minimize  shock.     The  apparatus  shown  in  Fig.   3, 
with  the  addition  of  a  no-volt  release,  is  what  I  should 
like    to    see    standardized    for    machine    protection    in 
factories.     The  leakage  coil  can  be  fitted  with  a  time- 
lag,  or  be  full-load  leakage  or  any  percentage  thereof 
which  charging  current  conditions  will   allow  ;    and   to 
make  such  apparatus  reliable  under  transitory  overload 
conditions    more    attention    should    be    paid    to    series 
transformer    characteristics    and    their   balancing   with 
one  another.     When,  however,   I  come  to  feeder  pro- 
tection, discriminative  gear  is  used,  and  whilst  provision 
is  made  to  fit  overload  apparatus  if  necessary,  overload 
protection  is  only  used  as  a  last  line  of  defence,  that  is 
at  the  power  station  or  at  vital  section  points.     In  this 
case  leakage  is  omitted,  three  overloads  are  used,  and 
the   time   setting   is,    as   stated    above,    approximately 
I     second.     As    regards    the    relay    times    given     on 
page  393,  to  ask  for  a  time  setting  of  i  J  to  i  J  seconds  is 
futile.     On  a  mixed  plant  with  the  time  stated  in  the 
paper  the  rotating  machines  will  be  out  of  step,  and  if 
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the  shut-down  is  not  on  the  alternating-current  side  it 
will  be  on  the  direct-current  side  it  interconnecting  of 
the  network  takes  place.  I  was  interested  in  the  value 
of  one-fifth  to  one-quarter  of  a  second  mentioned  below 
Fig.  5,  because  on  a  selective  protection  device  system 
we  are  trying  to  get  the  faulty  apparatus  clear  in  under 
one-fifth  of  a  second.  Switchgear  can  be  bought  to 
do  so,  and  also  protective  gear.  Tests  which  I  have 
made,  show  that  on  consumers'  gear  the  fault  is  cleared 
between  the  fourth  and  fifth  periods,  and  on  the 
heavier  distribution  gear  about  the  fourth  period,  the 
periodicity  of  the  supply  being  25  cycles.  Fig.  5 
advances  the  American  argument  that  all  switches 
must  be  delayed  so  as  to  avoid  the  peak  wave.  True, 
if  it  can  be  done,  but  nothing  has  yet  been  devised  to 
avoid  the  recurring  short-circuit.  I  have  stood  along- 
side a  joint  which  failed  and  which  gave  no  less  than 
five  recurring  short-circuits  before  the  switch  cleared. 
The  cable  was  provided  with  overload  inverse  time- 
limit  protection.  Such  conditions  will  some  day  occur 
on  any  system ;  then  the  switch,  which  is  in  all  prob- 
ability already  on  the  move,  will  be  expected  to  open 
the  circuit  at  the  peak  of  the  wave  and  it  has  got  to 
do  so  or  there  will  be  a  disaster  in  the  switchroom. 
When  one  has  said  all  this  one  must  be  fair  to  the 
author.  There  may  be  positions  on  an  old  network 
where  no  other  gear  than  overload  protection  is  possible, 
and  all  I  can  say  is,  I  am  sorry  for  the  man  who  has  to 
work  out  the  discrimination.  The  author  claims  that 
it  can  be  done.  So  far  we  have  not  been  able  to  do  it 
satisfactorily.  With  regard  to  the  type  of  relay  setting 
to  be  used,  I  agree  that  the  inverse  time  limit  is  pre- 
ferable for  ordinary  working,  but  I  must  confess  to  a 
regard  for  the  solenoid  type  of  relay  owing  to  its  sim- 
plicity and  the  small  number  of  moving  parts.  Many 
people,  however,  prefer  wherever  possible  to  use  direct- 
connected  relays  and  so  do  without  contacts  and  tripping 
batteries.  .  With  regard  to  the  author's  remarks  on 
page  394,  I  have  both  Merz-Price  and  spht-conductor 
selective  apparatus.  The  former  fails  in  that  straight- 
through  faults  can  operate  the  gear.  This  can  be  got 
over  to  some  extent  by  using  distributed  air-gap 
transformers  and  compensated  cables,  or  by  using 
bias  coils.  There  is  something  attractive  in  the  use 
of  bias  coUs  as  a  delaying  agent,  but  when  bias  coils 
are  used  there  is  generally  something  fundamentally 
wrong  somewhere  else.  If  the  pilot  cables  go  wrong, 
Merz-Price  protection  is  out  of  commission.  Split- 
conductor  protection  is  very  sensitive  and  requires, 
it  is  true,  a  special  six-core  cable  and  switches.  The 
cable  has,  however,  compensations  in  increased  loading, 
and  the  switches,  if  well  designed,  present  no  operation 
difficulties.  I  have  yet  to  find  this  material  operate 
on  a  straight-through  fault,  except  when  two  three- 
core  cables  are  used  in  parallel  and  these  are  not  truly 
balanced.  I  understand,  however^  that  switch  diffi- 
culties are  likely  to  arise  if  this  material  is  ever  used 
on  very  liigh  pressures,  say  100,000  volts.  The  method 
shown  in  Fig.  8  is  principally  of  use  when  the  two  feeders 
are  of  unequal  length  or  unequal  size  and  the  current- 
transformer  ratios  are  chosen  to  suit  the  load  division. 
It  fails  because  it  calls  for  potential  transformers, 
than  which  no  more  dangerous  apparatus  can  be  used 
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on  any  system.  If  the  feeders  are  within  reasonably 
equal  lengths  I  would  prefer  to  put  them  into  one 
split-conductor  switch,  thus  saving  space  and  reducing 
the  material  requiring  attention.  Can  the  author  say 
what  time  the  relay  will  take  to  operate  with  such 
connections  at  full  secondary  current  ?  The  statement 
on  page  396  is  perfectly  correct,  but  the  clause  at  the 
top  of  page  394  re  overloads,  when  one  reads  page  396 
and  then  refers  to  Fig.  17,  shov.-s  inconsistency  in  argu- 
ment. We  have  again  to  be  fair  to  the  author.  There 
are  on  every  system  places  where  the  reverse  relays 
will  be  an  advantage,  but  it  is  quite  evident  that  on 
any  system  the  last  line  of  defence  is  the  overload  relay.: 
These  items  should,  however,  be  a  minimum.  Every 
page  of  the  paper  contains  items  worth  discussion, 
and  I  could  give  conditions  where  extensions  would 
put  out  of  gear  some  of  the  conclusions  arrived  at  on 
the  typical  network  diagrams.  \\e  arrive  then  at  this 
conclusion,  that  what  on  one  system  is  good  practice 
is  on  another  totally  wrong,  and  such  a  condition 
resolves  itself  into  a  court  of  inquiry  upon  'every  failure. 
Consultations  between  the  chief  operating  engineers  and 
the  technical  advisers  are  imperative,  and  close  co- 
operation between  these  parties  is  essential.  Only  so, 
and  by  improving  the  gear  after  every  failure,  can 
success  be  attained,  and  in  no  case  is  finality  ever 
reached.  The  author  calls  for  special  series  trans- 
formers for  his  rela3's,  and  so  do  other  protective 
schemes  ;  the  metering  expert  calls  for  special  series 
transformers  for  his  meters,  and  the  instrument  man 
wants  transformers  for  his  apparatus.  I  therefore  con- 
clude these  remarks  with  a  few  "  Don'ts."  (i)  Don't 
use  any  more  series  transformers  than  absolutely 
necessary.  Reduce  to  a  minimum  the  number  of 
instruments  these  transformers  have  to  drive,  so  that 
the  series  transformers  may  have  straight  bar  primaries 
or  be  as  near  to  this  ideal  as  possible.  Panels  full  of 
instruments  are  beautiful,  but  most  of  the  information 
we  desire  can  be  quickly  calculated.  Power-factor 
indicators,  for  instance,  are  only  useful  on  booster-type 
rotary  converters,  or  on  sjoichronous  machinery,  or 
for  a  special  purpose.  (2)  Don't  use  potential  trans- 
formers unless  absolutely  necessary.  (3)  Don't  meter 
on  the  high-tension  side  if  the  low-tension  side  is  avail- 
able. Finally,  get  down  to  absolute  simplicity  in  the 
material  used.  The  protective  gear  at  Dalmarnock 
station  is  as  follows  : — 

Switch   capacity  :     1,500,000  k.v.a.,  and  this  clears  the 

fault  at  the  sixth  period  when  spUt-conductor  gear 

operates. 
Generator  protection  :     Circulating   current  with   series 

overload  fuses,  and  light  time-limit  fuses  in  parallel 

with  the  relay. 
Coupler   and   reactances  :     Overload  with  definite  time 

hmit. 
Feeders  :     Split-conductor   and   overload   with   definite 

time  hmit. 
Works  transformers  :    jNIerz  balance  with  series  overload 

fuses,  and  light  time-hmit  fuses  in  parallel  with  the 

relay. 

Mr.  A.  M.  Taylor  :    The   relay   shown   in  Fig.    n 
has  a  very  excellent  feature  in  the  low  voltage  at  which 
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it  will  operate.     If,  however,  it  were  to  be  used  near 
to  the  source  of  current,  it  might  Jiave  to  operate  under 
short-circuit    conditions,    when,   due    to    a    fault   near 
the  station,  it  might  have  to  work  under  as  low  a  power 
factor  as  o'25.     Will  the  author  please  state  what  the 
operating  currents  would  be  for  power  factors  down  to 
this  figure  and  with  the  lowest  voltages.     Will  he  also 
please  state  at  what  "  forward  "  current  and  voltage 
the  relay  operates,  and  whether  the  results  in  Fig.   12 
were   taken   with   a    relay  having   this   characteristic. 
With  regard  to  the  question  of  breaking  large  currents, 
and  particularly  the  author's  Fig.  5, 1  have  recently  been 
applj-ing    the    equations   established   by   Steinmetz    (in 
his  book  on  "  Transient  Phenomena  ")  both  to  the  case 
of  interrupting  the  full-load  current  of  the  station  and 
to  that  of  interrupting  the  short-circuit  current.     I  have 
introduced    into    these    equations    constants    more    in 
conformity  with  the  conditions  obtaining  in  this  country 
than  are  those  assessed  by  Steinmetz,  and  I  am  rather 
alarmed  at  the  result.     The  equations  show  that  under 
bad    conditions   of   feeder   arrangements   it  is  piossible, 
even  where  we  break  the  circuit  when  the  current  passes 
through  zero,  to  get  voltage  oscillations  up  to  double 
or   treble   the   normal   voltage  ;    while   if   we   break   it 
when  the  current  is  at  its  maximum,  we  may  get  any- 
tliing  up   to  10  times  the  normal  voltage.     Now  it  is 
trading  too  much  on  good  luck  to  assume  that  such  a 
condition,  or  even  a  partial  move  towards  it,  will  never 
occur,  and  therefore  it  appears  to  me  that  two  points 
should   urgently   be    striven  for,    namely    (i)    To  have 
as  many  trunk   feeders   as   possible  in  parallel   as   we 
approach    the  main   station,   each    absolutely  indepen- 
dent   of    the    other    (split-conductor    protection    pre- 
ferred), so  that  any  feeder  may  momentarily  be  thrown 
out  without  the  main  generator  circuit  being  broken  ; 
and  (2)  to  \ise  core-balance  or  the  most  delicate  pro- 
tection obtainable,  in  order  to  cut  out  every  feeder 
before  the  leak  to  earth  has  time  to  develop  into  even 
a  mild  short-circuit  between  phases.     I  would  recommend- 
this  course  even  at  the  expense  of  such  tripping  being, 
in    some    few    cases,    afterwards    found    unnecessary. 
This    would    be    allowable   when    several    feeders   were 
in  parallel,  as  1  have  recommended  should  be  arranged. 
I  regret  that  I  find  myself  quite  at  issue  with  the  author 
on  the  question  of  time-lags.     The  intervals  given  are 
altogether  too  short.     1  should  like  to  ask  him  how 
he    would    protect,    with    differential    reverse    relays, 
a  group  of  six  feeders  in  parallel,  some  of  which  were 
80  per  cent  longer  than  others,  and  some  of  which  were 
fed    through    reactances    while    some    were    connected 
direct  to  the  busbars.     With  reference  to  the  remarks 
on  page  396,  to  the  effect  that  combined  leakage  and 
overload  protection  should  be  applied  to  the  outgoing 
feeders,    has   the   author   considered   that,    unless   very 
coarsely   set,    the   leakage   relays   will   bring   out   both 
the   sound   and   the   unsound   feeders  ?     I    fully   agree 
with    the    author's    recommendation    that    the    short- 
circuit  currents  should  be  worked  out  for  all  important 
points  of  the  system.      Speaking    generally,    combined 
overload   and   leakage   protection  are  all  right  for  the 
outskirts  of  a  large  system  and  for  deahng  with  existing 
mains,  in  the  absence  of  anything  better  ;     but  they 
are  not,  in  my  opinion,  suitable  for  the  heavier  feeders. 


In  support  of  the  possibility  of  the  short-circuit  being 
opened  at  some  time  other  than  when  the  current  is 
passing  through  its  zero  value,  I  should  ask  the  author 
to  consider  that  the  oscillating  electromotive  force  is 
at  its  maximum  when  the  current  wave  is  approaching 
or  leaving  zero.  The  insulation  might  therefore  break 
down  just  at  that  moment,  followed  of  course  by  an 
immediate  rush  of  current,  wliich  the  forward  motion 
of  the  breaker  must  interrupt,  at  once  giving  the  most 
dangerous  conditions. 

Mr.  G.  W.  Partridge  :  Whilst  we  arc  on  the  subject 
of  the  time-lag  of  relays  and  disconnecting  circuits  at 
the  top  of  the  wave,  I  think  it  might  be  of  interest  if 
I   described   my   experience   in   those   particular   cases. 
I  entirely  agree  with  the  author's  statement  on  page  393 
that    "  more    interruptions    of    supply    are    caused    by 
opening  circuits  prematurely  than  by  leaving  a  fault 
on  the  system  for  too  long  a  time."     The  Merz-Price 
protective  device  generally  opens  the  circuit  before  the 
fault  has  turned  into  a  short-circuit  between  phases. 
But  if  a  short-circuit  between  phases  takes  place,  the 
later  the  switch  acts,  provided  it  works  quickly  when 
it  does  act,   the  better.     Two  or  three  years  ago  we 
imintentionally  connected  capacity  in  the  shape  of  a 
length  of  cable  across  the  terminals  of  an  oil  switch. 
As  a  consequence,   when  we  opened  the  circuit  with 
a   load  of   about  400  or  500  kw.,  the  oil  switch  was 
trying  to  snap  the  arc  out  instantaneousl}"-  or  at  the 
top  of  the  wave,  and  as  a  consequence  we  burnt  up  the 
entire  switch.     As  I  thought  tlie  reason  of  the  failure 
was  want  of  oil  in  the  switch  we  installed  a  new  switch, 
repeated   the   experiment,    and    burnt    up    the    second 
switch.     We  then  tried  the  experiment  over  again  at 
a  lower  pressure  with  an  oscillograph  and  found  that  on 
a  2,500-volt  circuit  the  pressure  at  the  time  of  rupture 
went  up  to  about  20,000  volts.     It  will  generally  be 
found   that   if   direct-current   circuits   are   broken   by 
means  of  oil  switches  one  will  have  a  similar  experience. 
To  my  mind  it  is  quite  impossible  to  break  these  short- 
circuits  on  alternating-current  systems  with  oil  switches, 
except  at  the  zero  line.     The  author  and  people  like 
Mr.    Wedmore   will    design    a   relay   to    do    practically 
anything,  but  I,  for  one,  think  that  the  simpler  and  the 
fewer  these  relays  are,  the  better.     The  author  refers 
on  page  407  to  tests  on  relays.     It  is  most  important 
that  all  these  relays  should  be  tested  not  only  in  the 
shop  but,  if  possible,  with  the  whole  of  the  apparatus 
to  which  they  are  connected  in  actual  use  ;     otherwise, 
when  a  short-circuit  does  occur — possibly  after  several 
years — the   relays   on   which   one   has   been   depending 
may  not  act.     I  know  of  a  generating  station  not  far 
from  here  where  I  was  shown  a  switchboard  on  which 
I  should  think  75  per  cent  of  the  relays  were  wedged 
up  and  tied  with  pieces  of  wire  so  that  they  could  not 
act,  because  when  a  short-circuit  occurred  every  switch 
opened.     I   think   there    is    a    great    future    for    single 
conductors  for  underground  single-phase  and  three-phase 
systems,    more   particularly   on   the   lower   periodicity. 
I  know  there  is  a  good  deal  to  be  said  against  it,  but 
at  the  same  time  I  think  single  conductors  will  probably 
be  used   underground  when  working  at  the  pressures 
which  are  now  being  talked  of— between  30,000  and 
60,000  volts — and  such'  protection  as  is  shown  by  tha 
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author  wall  of  course  be  most  useful.  I  should  like  to 
say  a  word  in  conclusion  with  regard  to  the  Brazil 
resistances.  I  have  had  in  use  for  many  years  one 
suitable  for  200  amperes  and  it  has  worked  most  satis- 
factorily. At  one  place  in  the  paper  the  author  seems 
to  infer  that  some  of  these  relays  will  not  work  with  a 
drop  in  voltage.  There  is  a  well-known  system  of 
protection  which  has  been  thought  out — and  I  believe 
it  is  in  use — in  which  the  generators  are  provided  with 
special  pressure-reducing  apparatus,  so  that  if  a  serious 
short-circuit  takes  place,  such  as  the  burning  up  of  the 
generator,  these  regulators  lower  the  pressure  of  the 
system  until  the  fault  itself  has  been  removed. 

Mr.  H.  W.  Clothier  :  I  cannot  find  in  the  paper 
much  really  useful  advancement  which  applies  to  large 
systems  upon  what  the  author  published  in  the  Electrical 
Review  in  1911.  One  essential  in  switchgear  construction 
is  always  to  obtain  the  simplest  protective  devices. 
The  devices  described  in  the  paper  may  serve  a  purpose 
on  small  systems  and  less  important  connections,  but 
it  must  be  remembered  that  in  time  small  sj-stems  may 
interlink  together  and  become  parts  of  large  power 
schemes  covering  extensive  areas.  Mr.  Price  when 
he  went  to  South  Africa  left  leakage  protection  as  a 
legacy  to  me,  and  I  have  often  felt  that  it  has  not  had 
its  full  scope  for  development.  The  chief  feature  of 
leakage  protection  is  its  instantaneous  operation  in 
clearing  faults  to  earth.  This  is  particularly  desirable 
for  work  in  mines  where  there  is  danger  from  open 
sparking.  To  my  disappointment,  the  author  couples 
with  leakage  protection  the  undesirable  sluggishness  of 
a  time  limit,  thus  depriving  leakage  protection  of  its 
main  vui:ue.  We  must  not  allow  faults  to  remain  on 
large  power  systems  ;  they  must  be  cut  out  as  quickly 
as  possible.  If  allowed  to  remain  on  the  system  too 
long  they  cause  (a)  synchronous  plant  to  fall  out  of 
step,  (6)  increased  danger  of  fire,  and  (;;)  increased 
damage  to  plant.  Nor  is  it  safe  to  rely  upon  time  limit 
to  reduce  the  breaking  capacity  of  switches  because 
of  the  risk  that,  during  the  time  interval,  the  fault 
may  develop  and  intensify,  for  instance,  from  a  fault 
to  earth  to  a  more  serious  fault  between  phases.  In 
fact  it  may  so  happen  that  the  actual  instant  of  separa- 
tion of  the  sparking  contacts  coincides  with  the  maximum 
current  on  the  short-circuit  transient.  The  author  refers 
to  a  time-limit  fuse  as  a  "  capricious  piece  of  apparatus." 
but  in  the  same  paragraph  he  says  that  "  air  dash- 
pots  are  better."  Surely  an  air  dashpot  is  less  reliable 
than  a  fuse.  The  author  says  that  "  definite  "  time- 
limit  devices  are  innocuous,  and  he  prefers  the  use  of 
"  inverse  "  time-hmit  devices.  Fig.  6  shows,  however, 
that  in  practice  the  "  inverse  "  time-element  feature  only 
appears  in  the  first  50  per  cent  of  overload.  Faults  as 
a  rule  are  not  of  50  per  cent  overload  but  rather  of  10, 
20  or  more  times  the  noi-mal  load  cun-ent,  so  that  the 
"  inverse  "  time-limit  relay  really  becomes  a  "  definite  " 
time-Umit  device,  and  a  bad  one  at  that  on  account 
of  its  low  range  of  time-setting.  If  the  protection  of 
a  system  is  to  depend  upon  the  discriminating  effect 
of  time-limit  devices  it  would  seem  better  to  use  relays 
with  "  definite  "  time-settings  than  those  which  lose 
their  discriminating  powers  when  certain  limits  of 
overload    currents    have   been    passed.      There    are    a 


number  of  other  points  to  be  discussed.  The  arrange- 
ment In  Fig.  27  is  a  complication  and  quite  unnecessary. 
It  is  better  to  make  a  good  job  of  the  insulation  between 
the  primary  turns  than  to  resort  to  such  contrivances. 

Mr.  H.  Brazil  :  1  have  always  thought  that  the 
maintenance  of  the  continuity  of  supply  is  the  chief 
thing  to  aim  at  in  a  supply  system,  and  I  am  pleased 
to  see  that  the  author  giveB  tliis  the  first  place  in  his 
paper.  This  paper  emphasizes  the  importance  not  only 
of  putting  in  protective  apparatus,  but  of  installing 
it  in  the  right  place.  I  am  afraid  that  in  many  under- 
takings in  this  country  protective  apparatus,  excellent 
in  itself  but  unsuited  to  the  particular  undertaking, 
has  been  installed  at  the  wrong  points.  This  is  particu- 
larly the  case  with  undertakings  which  have  been  in 
existence  for  some  considerable  time  and  which  have 
been  e.xtended.  In  some  cases  within  my  expeiience 
circuit  breakers  with  no  time-lag  were  installed  at  the 
generating  station,  and  automatics  with  time-lag  at 
the  substations,  with  the  result  that  a  fault  on  a  motor- 
generator  would  cause  the  circuit  breaker  at  the 
generating  station  to  come  out  before  that  at  the 
substation.  With  regard  to  the  different  types  of  relay, 
I  have  experimented  with  the  induction  type  described 
by  the  author,  and  find  it  to  be  a  very  reliable  piece  of 
apparatus  and  preferable  to  either  the  fuse-shunted 
solenoid,  or  to  the  dashpot  type.  The  importance  of 
using  a  relay  having  an  inverse  time-lag  cannot  be  over- 
emphasized, and  although  when  a  dead  short-circuit 
occurs  the  time  before  the  relay  acts  is  short,  it  is 
generally  long  enough  to  prevent  the  breaker  coming 
out  on  the  maximum  short-circuit  current.  The 
current  flowing  when  a  fault  comes  on  can  only  be 
excessive  when  there  is  a  short-circuit  between  phases, 
as  the  earthing  resistance,  which  is  now  nearly  always 
installed  in  the  neutral  point,  limits  the  ciirrent  to 
earth  to  a  predetermined  figure.  I  am  in  agreement 
with  the  author  when  he  states  that  more  interruptions 
of  supply  are  caused  by  opening  a  circuit  prematurely, 
than  by  leaving  a  fault  on  the  system  for  too  long  a 
time.  I  am  therefore  in  favour  of  installing  a  resistance 
which  allows  the  minimum  current  to  pass  at  the 
moment  when  a  fault  occurs,  always  provided  that  if 
the  fault  is  not  cleared  the  resistance  will  eventually 
allow  the  current  to  increase  to  the  figure  necessary 
to  trip  the  circuit  breaker.  The  iron-grid  resistance 
does  not  comply  with  these  requirements,  as  it  increases 
in  ohmic  value  as  it  heats  up,  and  therefore  reduces 
the  current.  I  think,  however,  the  author  has  put 
the  increase  of  the  ohmic  resistance  in  an  iron  grid  a 
little  too  high,  as  I  have  found  by  experiment  from  cold 
to  red  heat  the  increase  is  about  33  per  cent.  With 
regard  to  earthing  through  a  reactance,  I  wish  to 
endorse  strongly  the  author's  opinion  that  this  is  the 
wrong  practice.  I  have  had  some  experience  of  surges 
and  resonance,  and  I  think  that  one  is  inviting  trouble 
by  putting  an  inductive  coil  between  the  neutral  point 
and  earth.  Sooner  or  later  the  particular  proportion 
between  inductance  and  capacity  favourable  to  reson- 
ance will  be  reached,  and  then  the  reactance  coil  would 
be  more  a  source  of  danger  than  of  safety  to  the  system. 

Dr.  R.  D.  Gifford  :  Reviewing  the  paper  as  a  whole, 
it  appears  that  one  of  the  obiects  is  to  discuss  the  uses 
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and  the  merits  of  the  carbon-powder  resistance  with  the 
negative  temperature  coefficient,  and  also  of  the  re- 
verse relay  compensated  for  voltage  variation.  In  the 
second  column  on  page  395  there  appears  to  be  a  certain 
looseness  of  diction  v-fhere  the  author  says  ;  "  This 
condition  necessitates  the  installation  of  a  larger 
earthing  resistance  than  would  otherwise  be  necesssary." 
He  obviously  means  a  resistance  of  lower  ohmic  value. 
With  regard  to  the  reverse-current  relay  shown  in 
Fig  II,  it  would  be  of  interest  if  the  author  would  state 
how  he  manages  to  get  the  torque  in  the  case  of  very 
heavy  forward  currents  at  no  voltage.  I  do  not  quite 
see  where  the  torque  comes  from  unless  it  is  from  an 
eddy-current  effect  of  some  kind.  The  author  also 
says  in  connection  with  Fig.  11  that  if  we  have  two 
parallel  feeders,  after  one  has  been  cut  out  the  other 
is  loft  without  protection,  and  he  advocates  the  installa- 
tion of  an  overload  relay.  When  both  feeders  are  soimd 
and  are  carrying  anything  like  full' load,  if  one  develops 
a  fault  and  is  cut  out  the  other  one  will  necessarily 
have  to  carry  about  twice  full  load,  and  with  the 
overload  protection  which  the  author  provides  it 
would  seem  that  that  might  very  possibly  operate  on  a 
peak,  in  which  case  even  the  sound  feeder  would  also 
be  cut  out.  The  next  point  I  want  to  take  up  is  on 
page  397,  in  which  the  author  refers  to  two  feeders  in 
parallel  of  ditferent  cross-sections.  He  there  points  out 
that  he  would  put  in  transformers  having  appropriate 
ratios.  I  presume  that  that  is  only  a  first  approxi- 
mation, as  the  current  taken  by  two  such  feeders  will 
not  necessarily  be  in  proportion  to  the  sections  of  the 
feeders.  If  they  are  long  feeders  the  capacity  and  self- 
induction  will  play  quite  a  large  part  in  regard  to  the 
way  in  which  the  current  will  be  split  between  them. 
Moreover,  with  two  feeders  having  vastly  different 
cross-sections,  as  might  easily  occur  in  practice,  they 
would  have  heating  and  cooling  characteristics  of  quite 
a  different  nature,  in  which  case  when  they  were  cold 
one  might  get  a  balance,  but  after  they  had  been  on 
load  for  a  considerable  time  the  balance  might  be 
sufficiently  upset  to  trip  a  delicate  piece  of  apparatus. 
I  should  like  to  know  whether  the  author  has  found  any 
difficulty  in  that  way  and  whether  the  effect  of  the 
capacity  and  self-induction  is  provided  for  by  using 
transformers  having  tappings  on  tlie  secondaries,  so 
that  the  ratio  can  be  slightly  modified  as  experience 
dictates.  In  connection  with  the  single  connector 
shown  in  Fig.  14,  the  author  appears  to  be  satisfied 
with  overload  protection  only  and  makes  no  attempt  to 
provide  against  incipient  faults,  as  does  the  Merz-Price 
system.  This  is  a  disadvantage,  as  the  proverbial 
"  stitch  in  time  "  applies  with  peculiar  force  to  expensive 
cables.  In  connection  also  with  the  protection  of  the 
generator  the  author  rightly  points  out  that,  in  the 
case  of  the  oil  switch  tripping  as  a  consequence  of  a 
leakage  or  something  of  that  nature,  it  is  necessary 
to  cut  out  the  field  at  once,  but  he  says  :  "  The  circuits 
must,  moreover,  be  so  arranged  that  if  the  main  breaker 
is  tripped  by  hand  the  field  is  not  opened."  I  am  not 
quite  clear  why  that  should  be  so.  It  seems  to  me  that 
in  every  case  when  the  generator  is  taken  off  the  line, 
its  excitation  should  also  be  broken. 

Mr.   H.   Pearce  :    It  is  very  much  easier  to  design 


a  suitable  protective  system  if  one  has  a  free  hand  as 
to  the  nature  of  the  conductors  and  other  details ; 
but  where  one  is  confined  to  simple  conductors  it  is  a 
much  more  difficult  problem.  In  Fig.  12  the  reverse 
relay  appears  to  be  quite  satisfactory  so  long  as  the 
operating  voltage  is  not  less  than  2  per  cent  of  the 
normal,  but  I  think  this  is  by  no  means  low  enough. 
If  one  considers  a  feeder  which  has  a  4  per  cent  impedance 
drop,  and  assume  that  a  fault  develops  so  that  the  current 
rises  to  20  times  the  normal,  that  means  that  the  drop 
over  the  whole  length  of  the  feeder  is  approximately 
80  per  cent  of  the  normal  voltage.  Now,  the  fault 
may  be  only  a  short  distance  from  the  substation  bars, 
and  the  voltage  available  to  operate  the  substation 
relay  is  under  the  worst  conditions  only  the  drop  between 
the  substation  bars  and  the  fault,  so  that  if  the  fault  is 
in  the  cable  box  in  the  substation  the  voltage  across 
the  relay  has  practically  gone  altogether.  That  is  a 
most  serious  difficulty  in  the^iise  of  reverse  relays, 
and  I  think  it  is  the  real  reason  why  they  have  never 
been  used  successfully  in  this  country.  I  say  "  in  this 
country  "  because  in  America  they  have  had  in  use  for 
some  years  a  much  more  delicate  relay  than  is  referred 
to   in  the   paper.     Instead  of  operating  at    a  limit  of 
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Fig.  a. 

approximately  2  per  cent  of  normal  voltage  it  goes 
down  to  something  like  one-tenth  of  i  per  cent.  That 
means  that  the  relay  is  liable  to  operate  on  a  surge 
where  the  power  may  blow  backwards  and  forwards. 
The  Americans  get  over  that  trouble  in  this  way. 
They  have  a  second  relay  element  operated  by  current 
only,  and  they  connect  the  contacts  of  the  two  relays 
in  series  so  that  the  complete  reverse  relay  will  not 
operate  unless  there  is  at  the  same  time  an  excess  of 
current.  This  represents  a  marked  improvement,  but 
it  is  generally  admitted  that  it  is  desirable  to  make 
the  protective  device  entirely  independent  of  the  line 
potential  wherever  it  is  possible  to  do  so.  In  Figs.  A 
and  B  is  shown  what  I  believe  to  be  a  novel  system  *  of 
protecting  parallel  feeders.  Fig.  A  is  merely  inserted 
to  show  that  the  method  is  applied  to  the  ends  of 
parallel  feeders  in  the  well-known  manner,  and  that  no 
pilot  cables  are  required  along  the  length  of  the  feeders. 
Fig.  B  shows  the  secondary  connections  only.  The 
primaries  of  the  current  transformers  Aj,  Bj  and  Cj 
are  connected  in  circuit  with  feeder  No.  i,  and 
similarly  A,,  B,  and  C,  in  circuit  with  feeder  No.  2. 
Pa,  Pb  and  Pc  are  relays  connected  in  the  well-known 
manner  for  circulating-current  protective  gear.  The 
novel  feature  consists  in  the  insertion  of  a  sensitive 
relay  I.  R,  so  that  the  complete  system  forms  a  combina- 
tion of  the  circulating  current  and  the  core-balance  sys- 
tems.     The  relays  Pa,  Pb  and  Pc  may  have  a  relatively 
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coarse  setting,  say  loo  to  200  per  cent  of  normal — and 
preferably  should  be  provided  with  a  constant  time-lag 
device  adjustable  to  zero.  These  three  relays  take 
care  of  phase  faults,  so  that  one  may  be  omitted  if 
desired.  The  relay  L  R  will  guard  against  earth  faults. 
When  both  feeders  are  in  operation  the  time-lag  device 
will  be  set  to  zero  ;  all  the  relays  will  then  be 
instantaneous  in  action,  and  it  should  particularly  be 
noted  that  they  will  only  operate  on  faults  in  the  feeders 
they  are  protecting  ;  they  will  not  operate  on  faults 
on  other  parts  of  the  system  For  example,  if  an  earth 
occurs  in  the  distribution  system,  both  feeders  share 
the  fault  current  and  conductors  Sj  and  Sj  in  Fig.  B 
will  carry  equal  currents,  so  that  the  relay  LR  will  not 
operate.  This  system  gets  over  one  of  the  old 
difficulties  in  this  type  of  protection,  viz.  the  difficulty 
of  getting  the  feeders  into  circuit.  With  the  earlier 
forms,  a  sensitive  setting  meant  that  the  oil  switches 
would  open  on  out-of-balancc  current,  as  soon  as  the 
attendants  succeeded  in  closing  them.  Provided  there 
is  no  earth  leakage  current  to  operate  LRthe  oil  switches 
c;in  be  closed  at  will,  so  long  as  the  current  does  not 
exceed  the  coarse  setting  of  the  relays  P^,  Pb  and  Pq. 
Should   it  be   desired   to   run   with   a   single  feeder  in 


Fig.  B. 


circuit,  the  current  and  time  settings  of  the  relays 
Pa,  Pb  a-nd  Pc  may  be  appropriately  modified,  and  the 
feeder  will  then  be  provided  with  overload  time-limit 
and  plain  core-balance  leakage  protection.  The  prob- 
lems of  protecting  transformers  are  in  some  respects 
similar  to  parallel  feeders,  and  the  connections  in 
Fig.  B  are  quite  applicable  to  the  protection  of  star-star 
or  delta-delta  transformers,  or  generator-transformer 
combinations.  The  advantage  over  the  plain  circulating- 
current  system  lies  in  the  sensitive  leakage  setting 
obtained  in  the  relay  L  R,  since  relays  connected  hke 
Pa.  Pb  and  Pc  must  necessarily  have  a  coarse  setting 
to  take  care  of  the  rush  of  magnetizing  current  on 
switching  on.  For  transformer  protection  all  four 
relays  should  be  provided.  On  page  405  the  author 
gives  the  setting  for  Merz-Price  and  Merz-Beard  systems 
as  50  per  cent  of  the  generator  capacity.  Actually', 
transformers  of  the  bar  primary  pattern  are  used  in  the 
Merz-Beard  system  and  the  setting  is  then  independent 
of  the  size  of  the  machine.  The  usual  setting  is  from 
20  to  50  amperes,  primary  fault  current.  The  setting 
for  the  Merz-Price  is  also  too  high.     The  figure  used 


a  few  years  ago  was  50  per  cent,  but  now  the  standard 
setting  is  of  the  order  of  15  per  cent.  The  reason  for 
the  ch'ange  is  somewhat  interesting.  We  all  know  the 
difficulty  of  balancing  two  current  transformers,  and 
if  a  very  delicate  relay  be  used,  that  relay  is  bound  to 
operate  when  the  transformers  carry  overload  currents. 
It  is  like  trying  to  balance  two  I -lb.  weights  against 
each  other  on  a  delicate  chemical  balance.  The  solution 
is  to  make  the  balancing  medium  more  robust  and  that 
is  how  the  setting  has  been  reduced  from  50  per  cent 
to  15  per  cent.  The  relays  are  provided  with  a  higher 
impedance,  so  that  the  out-of-balance  current  due  to 
the  different  characteristics  of  the  current  transformers 
is  considerably  diminished.  The  effect  is  so  marked 
that  not  only  is  a  lower  relay  setting  obtained,  but 
the  safety  factor  against  tripping  on  overload  current 
is  also  improved. 

Mr.  D.  T.  Powell  {communicated)  :  In  connection 
with  the  author's  advocacy  of  a  balanced  leakage  system 
of  feeder  protection,  it  is  of  interest  to  recall  that  the 
late  Mr.  E.  G.  Waters  worked  out  a  system  on  these 
lines  in  conjunction  vrith  Messrs.  Ferranti,  in  which 
feeders  working  in  parallel  are  protected  against  faults 
between  phases  and  earth,  and  I  am  surprised  that  the 
author  has  made  no  reference  to  it  in  his  paper.  This 
system  was  adopted  for  the  11,000-volt  feeders  on  the 
electrified  system  of  the  London  and  South  Western 
Railway.  In  this  case  feeders  from  the  power  house 
are  taken  in  pairs  to  a  substation,  and  have  balanced 
relays  requiring  no  potential  coils  at  the  power-house 
end,  but  at  the  substation  the  relays  are  of  the  balanced 
reverse  type  \vith  potential  as  well  as  current  windings. 
Where  feeders  are  laid  in  pairs  from  one  substation  to 
another,  the  relays  are  again  of  the  balanced  type  at 
the  supply  end,  and  of  the  balanced  reverse  type  at  the 
receiving  end.  After  the  installation  was  completed, 
exhaustive  tests  were  made  by  switching  artificial 
earth  faults  on  to  the  feeders  at  either  end,  with  the 
result  that  the  faulty  feeder  was  switched  out  at  both 
ends,  leaving  the  sound  feeder  on  circuit.  During  these 
tests  the  value  of  the  carbon-powder  resistance,  which 
was  installed  between  the  generator  neutral  bar  and 
earth,  as  described  by  the  author,  was  clearly  demon- 
strated. The  fault  current  was  kept  down  to  a  reason- 
able figure  which  could  be  determined,  and  the  rela}''S 
could  be  set  accordingly.  Although  when  trying  the 
relays  many  times  in  succession  the  carbon  powder 
got  very  much  overheated,  it  sufiered  no  permanent 
deterioration  and  proved  extremely  satisfactory. 
Fortunately  tliis  railway  company's  system  has  not, 
although  in  regular  operation  for  more  than  four  years, 
provided  much  opportunity  for  proving  the  utUity 
of  these  relays  in  clearing  faults  occurring  under  working  ■ 
conditions.  It  is,  I  believe,  no  secret  that  both  feeders 
between  two  substations  were  severed  by  a  bomb  during 
an  air  raid,  but  the  confused  conditions  which  resulted 
prevented  the  taking  of  any  careful  record  of  the 
operation  of  the  protective  system.  One  defect  of 
this  system  of  protection  seems  to  be  that  if  one  feeder 
fails  and  is  cut  out,  the  second  cable  of  the  pair  is  left 
without  any  protection  unless  it  is  provided  at  both  ends 
with  an  overload  relay  in  addition  to  the  balanced 
protective  relay. 
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Major  K.  Edgcumbe  [in  reply)  :  I  would  preface 
my  reply  by  quoting  from  one  of  the  opening  para- 
graphs of  the  paper  itself  : — "  The  present  paper  is 
an  attempt  to  show  how  these  ideals  can  be  attained 
by  simple  means  with  well-tried  apparatus  and  with- 
out recourse  to  special  conductors  which,  however 
desirable  in  themselves,  are,  more  often  than  not, 
quite  out  of  the  question."  It  is  for  this  reason  that 
I  have  refrained  from  discussing  the  relative  merits 
of  the  various  systems  of  protection  involving  the  use  of 
special  conductors,  such  as  the  Merz-Price,  split  con- 
ductor, Thompson-Bowden,  Beaver,  McColl  and  others 
— my  object  being  to  show  what  can  be  done  without 
recourse  to  such  expedients,  more  especially  for  the 
benefit  of  the  very  large  number  of  station  engineers 
who  find  it  necessary  to  overhaul  their  protective 
arrangements,  owing  to  the  growth  of  their  systems 
or  for  any  other  reason,  but  who  are  not  blessed  with 
that  bottomless  purse  to  wliich  some  of  their  more 
fortunate  brethren  appear  to  have  access.  Wliilst, 
therefore,  I  had  more  especially  in  mind  the  require- 
ments of  stations  of  moderate  size,  it  is  interesting  to 
find  that  even  on  the  largest  systems,  such  as  those 
of  Glasgow  and  the  North-East  Coast,  for  example, 
numerous  cases  arise  in  which  the  arrangements  I 
advocate  are  found  to  afford  the  best  solution  of  the 
problem. 

Considerable  controversy  centred,  in  the  discussion, 
round  the  question  of  the  time-lags  to  be  allowed. 
Some  speakers  regarded  those  proposed  by  me  as 
too  long,  whilst  others,  Mr.  Taylor  in  particular,  ob- 
jected that  the  interval  allowed  between  the  operation  of 
successive  relays  (i.e.  J  second)  was  too"  short  to  permit 
of  a  breaker  coming  out  before  the  one  next  behind 
it  started  to  act.  To  the  first  of  these  criticisms  I 
would  reply  that  in  the  States  and  on  the  Continent 
it  has  become  the  regular  practice  to  employ  time-lags 
at  least  twice  as  long  as  those  to  which  I  have  limited 
myself ;  and  I  would  answer  the  second  criticism 
by  referring  to  a  lay-out  of  considerable  size  in 
which  five  sets  of  overload  relays  are  connected  in 
series  with  an  interval  of  only  i/ioth  second  between 
the  "  short-circuit  "  time-lags  of  each  set.  Tliis  system 
has  been  in  operation  for  some  years  and  no  case 
is  on  record  of  the  wrong  relay  having  acted.  I 
notice  that  although  Mr.  Cowie  speaks  of  time-lags 
of  il  and  li  seconds  as  being  "  futile,"  he  nevertheless 
says  that  at  Glasgow  "  the  operation  time  is  in  round 
figures  I  second  for  the  complete  clearing  of  a  fault," 
so  that  there  does  not  seem  to  be  very  much  between 
us  in  this  respect. 

With  reference  to  Mr.  Wedmore's  criticism  of  the 
ring-main  protection  shown  in  Figs.  15  and  i5,  on 
the  ground  that  the  current  flowing  into  a  fault  on  the 
consumers'  side  of  a  substation  would  necessarily  pass 
through  the  relays  in  the  ring  feeders,  I  would  point 
out  that  there  is  no  difficulty  in  preventing  the  action 
of  the  latter  on  the  occurrence  of  faults  on  plant  con- 
nected to  the  substations,  it  merely  being  necessary  to 
see  that  the  protective  gear  controlling  the  latter  has  a 
slightly  shorter  time-lag  than  that  given  to  the  relays 
protecting  the  ring  feeders  at  that  particular  point. 
It  must  be  remembered,  moreover,  that  it  is  only  in 


the  case  of  single  feeders  that  discrimination  by  time- 
lags  becomes  necessary,  since  with  parallel  feeders 
the  arrangements  shown  in  Figs.  8,  9,  etc.,  are  available, 
and  these  can  be  made  as  instantaneous  as  may  be 
desired. 

Mr.  Taylor  asks  about  the  practicability  of  applying 
differential  reverse  relay  protection  (Fig.  8)  to  feeders 
of  varjdng  lengths,  some  of  which  are  connected  through 
reactances  and  some  direct  to  the  busbars.  Unless 
feeders  can  be  paired  it  is  clearly  impossible  to  apply 
differential  reverse  relay  protection,  but  such  pairing 
is  usually  possible,  by  means  of  adjustable  reactances, 
for  example.  A  more  serious  difficulty  arises  (as 
mentioned  on  page  401)  in  connection  with  the  pro- 
tection of  parallel  feeders  from  which  one  or  more 
consumers  are  tapped  oft"  ev  route.  Since  my  paper 
was  read  Mr.  Wedmore  has  drawn  my  attention  to 
the  advantages  of  the  method  of  differential  leakage 
protection  outlined  by  him  in  his  1914  paper  *  for 
this  purpose.  It  is  shown,  in  elementary  form,  in 
Fig.    C   herewith,   which  represents   the   outgoing    end 
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Fig.  C. 

of  two  parallel  feeders.  C  Tj  and  C  T^  are  current  trans- 
formers, each  consisting  of  an  iron  core  surrounding 
all  three  phases  of  one  feeder.  The  secondaries  of 
these  transformers  are  connected  to  the  coils  L  R'^  and 
L  Rj,  respectively,  which  therefore  carry  currents  pro- 
portional to  the  leakage  current  if  any.  Should  a 
fault  occur  on  the  upper  feeder  the  leakage  current 
in  LRj  will  be  greater  than  that  through  LR,  and 
the  beam  will  tilt,  thereby  causing  the  breaker  on 
the  upper  feeder  to  open,  and  vice  versa.  It  will  be 
seen  that  this  arrangement  allows  of  consumers  being 
tapped  off  either  feeder,  at  any  point,  and  protects 
not  only  the  feeder  but  also  the  high-tension  side  of 
such  a  consumer's  transformer.  At  the  substation 
end  of  the  feeders,  differential  reverse  relay  protection, 
as  in  Fig.  8  of  the  paper,  should  be  used  in  the  case 
of  independent  parallel  feeders,  thereby  ensuring 
isolation  of  the  faulty  one  at  the  remote  end,  even 
should  the  fault  occur  near  the  substation.  This 
arrangement  is  not  applicable  to  interconnectors  or 
to  ring-main  feeders,  and  in  such  cases  it  is  certainly 
better  practice  to  avoid  taps,  as  far  as  possible.  The 
arrangement  shown  in  Fig.  C  corresponds  to  that  of 
•  Journal  J.E'.E.,  19:5,  vol.  53,  p.  15?. 
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Fig.  2  in  the  paper  and  affords  protection  against  earth 
faults  only.  It  is,  however,  easily  extended  to  embody 
overload  protection  as  well,  on  the  lines  of  Fig.  3  in 
the  paper,  the  coils  L  Rj  and  L  R,  of  Fig.  C  taking  the 
place  of  the  leakage  relays,  such  as  L  Ri  in  Fig.  3. 

Speaking  of  the  protection  of  consumers'  installations, 
I  am  pleased  to  hear  from  Mr.  Cowie  that  in  Glasgow 
they  are  protected  on  the  lines  of  Fig.  3  in  the  paper, 
since  faults  on  the  consumer's  premises  are  such  a 
frequent  source  of  trouble  on  the  network.  I  can 
fuUy  endorse  his  recommendation  that  a  similar  arrange- 
ment, with  the  addition  of  a  no-volt  release,  should  be 
used  for  machine  protection  in  factories. 

Mr.  Partridge's  suggestion  of  lowering  the  generator 
voltage  on  the  occurrence  of  a  fault  is  interesting,  but 
it  seems  doubtful  whether  the  action  could  be  rapid 
enough  to  be  of  great  value  ;  also,  is  it  not  a  httle  hke 
burning  down  one's  own  house  to  prevent  someone 
else  from  setting  fire  to  it  ? 

I  cannot  agree  \vith  Mr.  Clothier  when  he  says  that 
in  his  opinion  the  chief  feature  of  leakage  protection 
should  be  its  rapidity  of  action.  To  my  mind  the 
outstanding  feature  of  leakage  protection  is  that  it 
limits  the  fault  current  to  a  definite  and  predeter- 
mined value,  compared  with  the  altogether  indefinite 
current  which  flows  into  a  short-circuit,  and,  moreover, 
the  leakage  current  is  usually  such  a  moderate  one 
that  it  can  be  left  on  the  system  for  a  considerable 
time  without  in  itself  doing  any  damage.  The  con- 
sideration which,  in  practice,  hmits  this  time  is  that 
the  feeder  must,  of  course,  be  isolated  before  the  earth 
fault  has  developed  into  a  short-circuit  between  phases. 
Other  things  being  equal,  therefore,  the  shorter  the 
time-lag  the  better.  No  one  would  think  of  un- 
necessarily prolonging  it,  and  for  that  reason  I  have 
suggested  an  upper  Umit  of  2  seconds,  although,  at 
the  same  time,  pointing  out  on  page  393  that  a  delay 
approaching  one  second  has  distinct  advantages  for 
other  reasons,  even  in  the  event  of  a  short-circuit 
between  phases.  I  would  again  repeat  that  time-lags 
of  any  length  become  quite  unnecessary  under  the 
systems  I  have  advocated,  except  for  the  protection 
of  large  systems  involving  single  feeders  only,  which 
are,  of  course,  rare.  I  entirely  agree  with  Mr. 
Clothier  when  he  says  "  it  would  seem  better  to 
use  relays  with  definite  time  settings  than  those  which 
lose  their  discriminating  powers  when  certain  limits 
of  overload  currents  have  been  passed,"  but  since  relays 
are  available  which,  as  shown  in  Fig.  6,  will  not  only 
retain  their  discriminating  power  at  all  overloads,  but 
will  also  allow  an  increased  time-lag  at  small  over- 
loads, I  suggest  that  for  most  purposes  it  is  preferable 
to  employ  them. 

I  cannot  quite  follow  the  numerical  example  given 
by  Mr.  Pearce.  It  seems  to  me  that  if  the  pressure 
at  the  end  of  a  feeder,  having  a  4  per  cent  inductive 
drop  at  full  load,  is  to  disappear,  then  the  fault  current 
must  necessarily  be  25  times  the  fuU  load  and  not  20 
times  as  stated  by  Mr.  Pearce.  Moreover,  it  must  be 
remembered  that,  unless  all  three  phases  have  been  short- 
circuited  simultaneously,  the  three  hne  voltages  will 
not  disappear  and,  as  shown  in  Fig.  13,  a  relay  \vith 
its  pressure  winding  connected  between  the  opposite 


phases  will  still  receive  more  or  less  normal  voltage. 
This  feature  was  very  clearly  explained  by  Mr.  \A'edmore 
in  his  contribution  to  the  discussion.  At  the  same 
time,  there  are  cases  in  which  the  feature  whereby 
the  reverse  relay  described  in  the  paper  can  be  caused 
to  act  at  zero  voltage,  \\ith  a  heavy  current  in  either 
direction  (say  20  or  30  times  the  relay  setting)  is 
occasionally  of  ser\'ice.  In  this  connection  I  may  say 
that  Dr.  Gifford  is  correct  in  his  assumption  that  this 
feature  is  obtained  by  an  eddy-current  effect,  or  more 
correctly  by  a  transformer  efiect  between  two  of  the 
windings. 

In  reply  to  Mr.  Taylor's  question  as  to  the  reverse 
relay  characteristics,  I  would  say  that  the  curve  of 
Fig.  12  refers  to  a  relay  adjusted  to  give  maximum 
sensitiveness  at  45°  (0-7  power  factor)  lagging,  at 
which  power  factor  the  test  was  made.  Consequently, 
with  a  power  factor  of  o-_25,  as  specified  by  Mr. 
Taylor,  the  tripping  currents  given  in  the  curve  would 
be  doubled.  As  explained  by  Mr.  Wedmore  in  his 
contribution  to  the  discussion,  a  relay  so  set  will  be 
operative  on  forward  currents  of  very  low  leading 
power  factor  and  will  be  inoperative  on  reverse  currents 
of  very  low  leading  power  factor.  Such  settings  have 
been  proved  in  practice  to  be  in  every  way  satisfactory. 

The  protective  sj^stem  shown  in  Fig.  B  of  Mr. 
Pearce's  remarks  is  an  interesting  method  of  applying 
leakage  tripping  to  parallel  feeders,  but  it  appears  to 
suffer  from  the  serious  objection  that  it  fails  to  dis- 
tinguish between  the  sound  and  faulty  feeders,  both 
being  isolated  in  the  event  of  a  fault  in  either.  I  am 
pleased  to  hear  from  Mr.  Pearce  that  there  is  a  prospect 
of  the  settings  of  Merz-Price  generator  protective  gear 
being  reduced  below  the  40  per  cent  mentioned  in 
the  paper,  but  to  judge  from  the  figures  called  for  in 
recent  contracts  this  latter  figure  still  seems  to  be 
about  right.  I  would  take  this  opportunity  of  point- 
ing out  that  although  an  excessive  earth  current  is 
a  disadvantage,  at  the  same  time,  for  differential  reverse 
relay  protection  (Figs.  8  and  9)  it  is  not  well  to  cut 
it  too  fine  and,  as  the  result  of  discussing  this  question 
with  various  engineers,  I  have  somewhat  increased  the 
figures  given  in  the  proof  of  the  third  column  of  the 
table  on  page  405  of  my  paper. 

Mr.  Powell  refers  to  the  Waters  reverse  relay  pro- 
tection. I  did  not  aUude  to  this  in  the  paper  for  the 
reason  that,  depending  as  it  does  upon  current  only 
lor  its  sense  of  direction,  its  usefulness  is  hmited,  hke 
ail  other  similar  devices,  to  the  outgoing  ends  of 
independent  parallel  feeders.  At  the  substation  ends 
of  such  feeders,  and  at  each  end  of  interconnectors  and 
ring-main  feeders,  voltage-controlled  relays  are  required 
and  the  arrangement  then  becomes  almost  identical 
with  that  of  Fig.  8  in  the  paper.  This  consideration 
also  rules  out  a  number  of  other  schemes  which  have 
been  proposed — several  very  ingenious  ones  of  Mr. 
JlcColl's,  for  example. 

With  regard  to  the  question  raised  by  more  than 
one  speaker  as  to  the  impossibility,  no  matter  what 
precautions  are  taken,  of  ensuring  that  a  circuit 
breaker  shall  not  be  called  upon  to  open  at  the  peak 
of  the  current  curve  sho'mi  in  Fig.  5,  I  would  suggest 
that  the  existence  of  this  possibiUty,  which  must  of 
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course  be  recognized,  ought  not  to  blind  one  to  the 
undoubted  advantage  of  obviating  such  an  occurrence 
whenever  it  can  be  done,  which  is  probably  in  nine 
cases  out  of  ten. 

No  one  will  quarrel  with  Mr.  Cowie  in  his  desire  for 
the  installation  of  as  few  current  transformers  as 
possible,  but  I  would  again  urge  the  advisability  of 
keeping  protective-gear  transformers  separate  from 
measuring-instrument  transforaiers,  owing  to  the  chance 
of  interference  with  the  secondary  connections  of  the 
former.  I  would  add  that  the  greatest  care  should  be 
taken  with  the  relay  connections  in  view  of  the  very 
heavy  secondary  currents  which  may  flow  in  the  event 
of  severe  short-circuits.  Whilst  on  the  subject  of 
instrument  transformers,  I  should  like  to  suggest  that 
the  risk  of  breakdown  to  potential  transformers  would 
be  greatly  reduced  if,  instead  of  being  connected  between 


phases,  where  they  undoubtedly  form  a  weak  link 
in  the  system,  they  were  star-connected  on  the  high- 
tension  side  (but,  of  course,  not  earthed)  and  delta- 
connected  on  the  low-tension  side.  In  this  way  each 
potential  transformer  could  be  kept  entirely  within 
the  cubicle  allotted  to  its  particular  phase  instead  of, 
as  at  present,  linking  two  phases  together  and  being, 
as  it  were,  an  outcast  from  both.  In  view  of  the 
necessity  for  potential  transformers  for  use  with  watt- 
hour  meters,  voltmeters,  'etc.,  quite  apart  from  relays, 
the  question  is,  I  think,  one  well  worthy  of  the 
consideration   of   switchgear  designers. 

In  conclusion  I  have  to  thank  the  various  speakers 
for  their  many  valuable  suggestions  and  can  only  hope 
that  the  proposals  contained  in  the  paper  may  prove 
of  use  to  some  of  those  station  engineers  who  are 
reconsidering  their  protective  gear. 
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NOTES     OX    OPERATING    A    BY-PRODUCT     PRODUCER    GAS     PLANT 

FOR     POWER    AND    HEATING. 

By   W.   H.  Patchell,   MemlDer. 

(Paper  received  29  December,  1919  ;    read  before  The   Institution  ii  and  i8  March,  before  the  Xorih-Western   Centre, 
9  March,  ar.d  before  the  South  Midland  Centre,  31  March,   1920.) 


Apart  from  the  three  classical  papers  by  i\Ir.  H.  A. 
Humphrey,*  there  are  some  scattered  articles  but 
nothing  generally  and  conveniently  accessible  on  this 
subject.  It  is  thought,  therefore,  that  some  notes  on 
the  lay-out  and  operation  of  a  modern  by-product 
producer  gas  plant  and  accessories,  and  the  use  of  the 
gas,  would  be  acceptable. 

The  plant  to  be  described  arose  out  of  an  investiga- 
tion as  to  what  was  the  best  form  of  prime  mover  for 
the  Hoffmann  Manufacturing  Company,  Ltd.,  to  adopt 
in  the  next  extension  of  their  works.  The  investigation 
was  made  in  1915.  At  that  time  Messrs.  Hoffmann  were 
rising  a  steam  engine  and  boilers,  suction  gas  engines 
with  anthracite  producers,  Diesel  oil  engines,  and  fur- 
naces— heated  in  some  cases  by  bituminous  coal,  and  in 
■other  cases  by  anthracite  producer  gas.  Consideration 
of  the  then  costs  of  coal  and  oil,  and  the  fact  that  the 
probable  user  of  fuel  in  connection  with  extensions  then 
in  view  would  be  equivalent  to  about  60  tons  of  coal  a 
day,  the  choice  fell  on  a  by-product  recovery  producer 
gas  plant.  The  plant  selected  was  on  the  "  Lymn  " 
system  which,  although  much  like  the  better-known 
■"  Mond  "  system,  differs  from  it  in  important  con- 
structional and  operating  particulars. 

It  was  arranged  to  put  down  the  plant  in  30-ton 
units,  as,  owing  to  the  war,  it  was  thought  that  the 
■growth  of  the  business,  and  consequently  the  need  for 
the  .complete  60-ton  plant,  might  be  indefinitely  post- 
poned. The  first  unit  was  ordered  in  July  1916,  but, 
due  to  constructional  delays,  it  was  not  put  into  opera- 
tion until  August  1917. 

A  sudden  increase  in  the  business  necessitated  the 
ordering  of  the  second  unit  shortly  before  the  first 
was  put  to  work.     The  complete  60-ton  plant  has  now 

•  '*  Mond  Gas  Producer  Plant,"  Institution  of  Civil  Engineers,  1897 ; 
*"  Power  Gas  and  Large  Gas  Engines,"'  Institution  of  Mechanical  Engineers, 
igoi  ;  "  Generation  and  Distribution  of  Producer  Gas  in  South  Staffordshire," 
institution  of  Civil  Engineers,  1912. 
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been  in  operation  since  March  1919,  but  has  not  yet  been 
worked  up  to  its  full  capacity. 

Description   of  Plant. 

Gas  plant.— Beiore  describing  the  gas  plant  in  detail 
it  may  be  well  to  outline  some  of  the  essential  points 
in  the  operation  of  a  by-product  recovery  gas  plant. 

The  ordinary  non-recovery  gas  producer  is  supplied 
with  air  mixed  ■with  a  small  proportion  of  steam  ;  the 
latter  is  necessary  for  obtaining  good-quality  gas  and 
also  to  prevent  the  formation  of  clinker.  The  ammonia 
formed  under  these  conditions  is,  to  a  great  extent, 
destroyed  again  owing  to  the  high  temperatures  existing 
in  the  producer. 

In  a  by-product  recovery  producer  it  is  necessary  to 
prevent  the  destruction  of  the  ammonia,  and  this  result 
is  obtained  by  introducing  a  large  quantity  of  steam 
with  the  air  into  the  producer  ;  this  has  the  effect  of 
facilitating  the  formation  of  ammonia  and  preventing 
its  destruction  by  keeping  the  temperatures  in  the 
producer  comparatively  low. 

The  amount  of  steam  introduced  varies  according  to 
the  kind  of  coal  in  use  ;  from  2  to  2  J  lb.  of  steam  per 
pound  of  coal  gasified  may  be  taken  as  an  average 
figure. 

The  provision  of  so  much  steam  is  a  serious  item  in 
the  cost  of  production,  so  that  as  much  steam  as  possible 
is  obtained  by  utilizing  the  sensible  heat  of  the  gases. 
The  method  adopted  is  to  cool  the  gases  by  contact 
with  water,  and  to  heat  up  and  saturate  the  air  with  the 
hot  water  so  obtained.  The  process  is  continuous,  the 
water  coming  successively  into  contact  with  the  gas 
and  the  air.  This  results  in  approximately  0-75  lb. 
of  steam  being  picked  up  by  the  air  for  every  pound 
of  coal  gasified,  which  corresponds  to  a  temperature  of 
about  68°  C.   saturation. 

The  balance  of  steam  required,  which  varies  according 
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to  the  kind  of  coal  in  use,  is  from  i  •  25  lb.  to  i  •  5  lb.  per 
pound  of  coal  gasified  and  is  blown  into  the  saturated 
air,  thereby  increasing  the  saturation  temperature  to 
from  82°  C.  to  84°  C.  Although  the  calculated  amount 
of  steam  carried  forward  with  the  air  may  be  2  J  lb.  per 
pound  of  coal  gasified,  it  is  doubtful  if  such  is  actually 

the  case. 

Steam  was  required  for  other  purposes  outside  the 
gas  plant  and,  in  accord  with  the  usual  and  economical 
practice,  a  superheater  was  included  as  part  of  the 
boiler  plant.  When  using  the  superheated  steam  for 
the  gas  plant  it  was  found  that  the  air  was  not 
saturated  to  the  extent  indicated  by  tlie  thermometer. 
In  order  to  obtain  steadier  operating  conditions  the 
pipe  arrangement  was  changed  and  saturated  steam 
was  used  for  the  gas  plant  in  place  of  superheated. 

The  quantity  of  steam  required  for  this  purpose, 
and  on  the  plant  generally,  has  a  most  important  bearing 
on  the  net  coal  consumption,  so,  in  order  to  obtain  some 
data,  arrangements  were  made  to  isolate  one  boiler 
temporarily  for  this  purpose  only,  and  two  tests  were 
made,  the  results  of  which  are  given  under  "  Operating 
Results  "  on  page  423. 

The  introduction  of  such  highly  saturated  air  into  the 
producer  would  result  in  cooling  the  fuel  bed  below  a 
good  working  temperature,  and  to  prevent  this  a  re- 
generator is  provided  wherein  the  temperature  of  the 
air  and  steam  mixture  is  increased  to  about  220°  C. 
before  it  enters  the  producers,  the  necessary  heat 
being  obtained  from  the  sensible  heat  of  the  hot  gases 
leaving  the  producer. 

The  ammonia  having  been  formed  passes  off  with 
the  gases  which,  after  preliminary  cleaning  and  cooling, 
are  brought  into  contact  with  sulphate  of  ammonia 
liquor  containing  a  slight  excess  of  acid,  the  excess 
acid  combining  with  the  ammonia  in  the  gas  to  form 
sulphate.  The  process  is  continuous  and  periodically, 
when  the  liquor  is  sufficiently  concentrated,  a  portion 
is  drawn  off  and  sent  to  the  stock  liquor  tanks,  water 
and  acid  being  added  to  take  its  place. 

"Lymn"  system. — Fig.  i  shows  a  diagrammatic 
view  of  a  plant  on  the  "Lymn"  system.  It.  may 
be  said  at  the  outset  that  the  whole  of  the  vessels  on 
this  system  are  worked  under  static  conditions,  all  the 
washing  being  done  by  the  movement  of  the  gas  and 
water,  unassisted  by  mechanical  means  as  in  the  case 
of  most  other  gas  washers. 

Fig.  2  shows  the  general  lay-out  of  the  plant.  The 
first  two  producers  installed  were  those  next  the  river. 
When  the  second  half  of  the  plant  was  put  up  a  large 
"bus"  pipe  was  arranged  connecting  the  two  lialves 
of  the  plant,  so  that  gas  from  the  first  pair  of  producers 
could  be  passed  through  the  second  set  of  washers,  or 
from  the  second  pair  of  producers  to  the  first  set  of 
washers,  or  the  whole  plant  could  be  run  in  parallel. 
The  use  of  mechanical  grates  for  the  producers  was 
considered,  but  they  were  not  adopted  as  it  was  intended 
to  use  good  coal,  and  as  the  number  of  producers  was 
small  it  was  thought  that  the  extra  capital  outlay  for  a 
mechanical  grate  would  not  be  justified.  Subsequent 
experience  with  the  "  controlled  coal  "  tliat  had  to  be 
used  went  to  show  that  mechanical  grates  would 
have  been  a  distinct  advantage. 
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The  air,  which  is  supplied  by  Sani\ielson  blowers, 
enters  the  lower  part  of  No.  3  washer,  called  the  air 
saturator.  It  will  be  noted  that  the  upper  part  of  No. 
3  is  divided  ofi  by  a  diaphragm,  the  only  connection 
between  the  two  being  through  a  water  seal.  The 
water,  which  is  made  hot  by  contact  with  the  gas  in  the 
upper  part  of  the  vessel,  passes  through  this  seal  into 
the  air  saturator  and  there  meets  the  air  from  the 
blowers.  The  additional  steam  which  is  necessary  for 
a  recovery  plant  is  blown  into  the  air  main  between  the 
air  saturator  and  the  regenerator.  The  warm  satur- 
ated air  is  then  passed  through  the  regenerator  which 
stands  next  to  the  gas  producer 

The  regenerator,  sometimes  called  a  superheater, 
consists  of  a  nest  of  concentric  cylinders  so  arranged 
that  the  hot  gases  from  the  producer  and  the  saturated 
air  pass  in  counter  current.  Owing  to  the  large  amount  of 
steam  which  is  blown  into  the  gas  producer  with  the  air, 
the  working  temperature  is  comparatively  low.  The 
gases  leave  the  producer  at  the  top  and  pass  into  the 
regenerator  above  mentioned,  where  their  sensible 
heat  is  given  up  in  part  to  the  air  and  steam. 

The  hot  gas  leaving  the  regenerator  is  then  passed 
-through  a  dust  trap  before  it  enters  the  vertical  dust 
-washer  No.  i,  in  which  the  remaining  dust  is  removed 
as  sludge  by  the  washing  water.  From  the  top  of  the 
dust  washer  the  gases  pass  down  to  the  bottom  of  No. 
2  washer.  In  their  upward  flow  through  this  washer 
they  are  brought  into  intimate  contact  with  a  solution 
of  sulphate  of  ammonia  containing  a  slight  excess  of 
sulphuric  acid  which  absorbs  the  ammonia  from  the 
gas. 

After  the  ammonia  has  been  absorbed  in  No.  2  washer 
■the  gas  passes  through  the  upper  part  of  No.  3  washer, 
thence  down  to  the  bottom  of,  and  up  through.  No.  4 
•washer. 

It  will  be  noticed  that  the  design  of  the  I-ymn  washers 
differs  from  other  types  in  that  they  are  free  from 
obstructions  in  the  shape  of  packing  boards  or  tiles, 
and  from  moving  parts.  The  apparatus  consists  of 
several  vertical  cylindrical  chambers,  No.  i  of  which  is 
simply  fitted  with  water  jets  at  the  top  which  fill  the 
vessel  with  spray  through  which  the  gas  passes  in  an 
upward  direction  and  is  thereby  washed.  Nos.  2,  3, 
and  4  contain  a  series  of  truncated  cones.  Axially 
placed  in  the  centre  of  the  apparatus  a  vertical  shaft 
carries  a  number  of  fixed  discs  opposed  to  these  cones. 
The  water  entering  at  the  top  is  distributed  on  the 
topmost  disc  from  which  it  flows  in  a  film  or  sheet  on  to 
the  surrounding  cone,  thence  it  falls  on  to  the  next  disc 
and  so  on  to  the  bottom  of  the  washer.  The  gas  passes 
upwards,  counter-currentwise,  through  the  sheets  of 
falling  water.  By  this  means  the  gas  and  the  washing 
liquids  are  brought  into  intimate  contact,  with  a  mini- 
mum e.xpenditure  of  energy. 

The  liquor  from  each  of  the  various  washers  falls  into 
its  respective  tank,  from  which  it  is  drawn  by  a  centri- 
fugal pump  and  circulated  again  through  the  wa.sher, 
except  in  the  case  of  No.  4  washer,  the  hot  water  from 
which  is  put  through  a  water-cooling  plant  before  being 
re-circulated. 

In  view  of  the  difficulty  in  obtaining  pure  lead  and  its 
cost  at  the  time  the  plant  was  installed,  it  was  decided 


to  depart  from  the  usual  practice  and  not  line  the 
ammonia  absorber  with  lead.  Several  plants  had 
previously  been  constructed  with  steel  absorbers,  and 
in  one  case  a  Lymn  plant,  erected  in  Germany, 
had  been  at  work  for  over  three  years  prior  to  the  war, 
without  any  corrosion  taking  place. 

The  gas,  after  leaving  the  final  cooler  No.  4,  is  passed 
through  two  Jenkins  centrifugal  gas  cleaners.  These 
consist  of  25  in.  diameter  centrifugal  fans  with  impellers 
of  a  somewhat  crude  shape ;  each  of  them  is  capable 
of  handling  continuously  4,500  cubic  feet  of  gas  per 
minute  against  a  pressure  of  5  inches  of  water  when 
running  at  from  1,450  to  1,650  r.p.m. 

The  amount  of  power  taken  is  10  to  12  b.h.p.  for 
each  fan  with  water  injection.  Approximately  500 
gallons  per  hour  of  cold  water  is  injected  into  each  fan, 
depending  on  the  class  of  coal  in  use  and  the  atmo- 
spheric conditions.  The  tar  and  water  drain  away  from 
the  outlet  pipes  of  the  fans  to  a  settling  tank  from  which 
the  tar  is  skimmed  off. 

The  gas,  after  leaving  the  fans,  passes  through  a 
water  separator  of  the  cyclone  type  before  it  goes  into 
the  gasholder  governor,  which  is  so  arranged  that,  in 
the  event  of  the  gas  failing,  the  supply  to  the  gas  engines 
is  cut  off  before  that  to  the  furnaces.  This  prevents 
any  suction  caused  by  the  engine  coming  on  the  furnaces, 
which  might  lead  to  an  explosion  should  the  gas  come  on 
again  suddenly. 

Gas  intended  for  use  in  the  engines  is  then  passed 
through  sawdust  scrubbers  to  extract  the  last  traces 
of  tar.  The  scrubbers  have  been  arranged  on  the  usua' 
system  in  which  the  gas  passes  upwards.  With  a  view 
to  facilitating  cleaning,  arrangements  have  been  made  to 
pass  the  gas  either  upwards  or  downwards  in  some  of 
the  last  scrubbers  installed.  With  an  upward-flow 
scrubber  the  dirtiest  material  is  at  the  bottom  of  the 
scrubber  and,  when  it  is  necessary  to  change  it,  the 
cleaner  layers  at  the  top  have  to  be  removed  for 
the  sake  of  getting  at  the  dirty  material.  In  a  down- 
ward-flow scrubber  the  dirtiest  material  is  at  the  top 
and  can  be  removed  without  disturbing  the  whole  of 
the  packing  niaterial  fronr  the  scrubber. 

Each  scrubber  box  is  13  ft.  6  in.  x  6  ft.  x  5  ft.  deep, 
fitted  with  four  sets  of  trays  which  are  packed  with 
sawdust  and  shavings,  finishing  off  with  a  blanket  or 
sacking  to  prevent  any  of  the  packing  material  being 
carried  forward  by  the  gas.  Drains  are  provided  to 
carry  off  any  water  or  tar  collecting  in  the  bottom  of  the 
box. 

It  was  expected  that  the  centrifugal  fan  cleaners 
would  have  made  the  gas  sufficiently  tar  free  to  be  used 
on  the  furnaces  without  the  interposition  of  sawdust 
scrubbers,  but  it  was  found  that  the  small  burners  and 
pipes  in  use  led  to  a  small  amount  of  tar  condensing 
in  the  gas  cocks  and  connections  which  had  to  be  cleaned 
out  periodically.  It  was  decided  therefore  to  install 
scrubbers  for  the  whole  of  the  gas. 

In  large  metallurgical  furnaces  where  the  burners 
are  formed  of  refractory  nozzles,  and  the  gas  is  conveyed  • 
in  large  pipes,  such  freedom  from  tar  would  not  be  neces- 
sary. In  the  present  case  the  furnaces  are  supplied 
through  pipes  down  to  |  in.  diameter,  and  it  was  not 
deemed  wise  to  run  any  risk  of  blocking  them. 
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Concentrated  liquor  produced  in  the  ammonia  ab- 
sorber is  by-passed  from  time  to  time  to  two  stock 
tanks  at  the  top  of  the  evaporator  house.  From  these 
tanks  it  is  drawn  as  required  into  a  vacuum  evaporating 
pan  made  by  Messrs.  Fullerton,  Hodgart  and  Barclay. 
The  vacuum  is  obtained  by  a  Ledward  and  Beckett 
ejector. 

Sulphate  of  ammonia  evaporators  are  generally  con- 
structed of  copper  or  bronze.  The  Lymn  practice 
has  been  to  make  the  casing  of  chemical  cast  iron  with 
the  boiling  tubes  and  tube  plates  of  a  copper  alloy.  At 
the  time  the  plant  was  ordered  it  was  impossible  to 
obtain  bronze  tubes.  A  tube  plate  of  mild  steel  and 
solid  drawn  steel  tubes  were  used  on  account  of  expedi- 
ency. The  life  of  the  tubes  (No.  13  S.W.G.)  and  tube 
plate  was  10  months,  after  which  the  tubes  gave  out 
completely.  New  tubes  and  tube  plate  were  fitted, 
the  tubes  being  |-  in.  thick  ;  these  have  been  in  operation 
10  months.  Corrosion  has  taken  place  at  the  top  end 
of  the  tubes  and  also  in  the  top  tube  plate  round  the 
tubes  ;  it  is  hoped  to  overcome  tliis  difficulty  as  the  other 
parts  of  the  plates  and  tubes  are  in  good  condition. 
■  Sulphate  of  ammonia  crystals  from  the  evaporator 
are  dried  in  a  hydro-extractor,  made  by  Messrs.  Watson 
and  Laidlaw,  consisting  of  the  usual  revolving  per- 
forated copper  basket  suspended  inside  a  mUd  steel 
casing  lined  with  chemical  sheet  lead. 

Sulphuric  acid  stock. — The  sulphuric  acid  is  delivered 
in  tank  wagons  and  discharged  by  an  air  lift  into  a  steel 
tank  on  the  top  of  the  pump  room  from  which  it  runs 
by  gravity  through  lead  pipes  to  No.  2  washer  (ammonia 
absorber)  tanks. 

Coal  store. — Coal  is  delivered  by  railway  trucks  to  the 
boot  of  a  Gibbons  Bros,  bucket-type  elevator,  which 
delivers  it  on  to  a  band  conveyor  supplying  the  30-ton 
pockets  over  the  producers,  or  by  a  second  band  con- 
veyor which  carries  it  into  the  ferro-concrete  storage 
bunker,  constructed  by  Stuart's  Granolithic  Company. 
This  bunker  holds  1,200  tons,  and  consists  of  six  200- 
ton  pockets  raised  on  columns  sufficiently  high  to  allow 
5-cwt.  trucks  to  run  underneath. 

The  band  conveyor  feeds  a  push-plate  conveyor  which 
delivers  the  coal  into  any  of  the  200-ton  pockets  as 
required.  When  the  pockets  are  empty  there  is  a  dis- 
tance of  40  ft.  between  the  conveyor  outlets  and  the 
bottom  of  the  bunker.  The  coal,  already  small,  would 
have  been  still  further  reduced  in  size  if  allowed  to  fall 
from  such  a  height.  To  prevent  this  a  series  of  shutes 
at  an  angle  of  45°  are  provided,  and  these  carry  the  coal 
down  to  the  bottom  of  the  bunker  which  is  also 
formed  at  an  angle  of  45°.  By  this  arrangement  the 
coal  is  stored  practically  as  received,  and  during  filling 
operations  very  little  dust  rises  The  bunker  is  covered 
\vith  a  roof  for  protection  from  the  weather. 

\\'hen  it  is  necessary  to  draw  from  the  storage  bunker, 
the  coal  is  run  through  valves  at  the  bottom  of  the 
bunker  into  the  trucks  and  thence  tipped  into  the  foot 
of  the  elevator. 

Ash  handling.— The  ashes  and  clinker  from  the  pro- 
ducer lutes  are  drawn  out  by  long  shovels  and  rakes 
on  to  the  ground  round  the  producers,  which  is  slightly 
graded  to  allow  the  water  to  drain  back  into  the  lutes. 
The  ashes  are  then  loaded  into  5-cwt.  trucks  running 


on  a  narrow-gauge  line,  pushed  by  hand  a  short  dis- 
tance to  an  incline,  up  which  they  are  hauled  by  a  small 
electric  winch  and  tipped  into  a  railway  truck  or  cart 
according  to  their  destination. 

Gas  Engines. 
Messrs.  Hoffmann  decided  that  power  units  of  about 
500  b.h.p.  would  be  the  most  suitable  size.  The  relative 
merits  of  vertical  and  horizontal  types  were  carefully 
reviewed.  The  type  of  engine  selected  was  the  multi- 
cylinder  horizontal  "  Otto  "  manufactured  by  the 
Premier  Gas  Engine  Company,  Ltd.  The  floor  space 
occupied  is  greater  than  that  taken  up  by  a  vertical 
engine,  but  the  sacrifice  in  floor  space  is  set  off  by  the 
greater  accessibility  of  the  horizontal  type. 

Another  point  of  difference  between  the  vertical  and 
the  horizontal  tj'pe  of  gas  engine  is  the  speed.  The 
majority  of  vertical  engines  run  at  250  to  300  r.p.m. 
In  the  "  Premier  "  engine  the  speed  adopted  is  190 
r.p.m.  which  results  in  much  sweeter  working  and  a, 
quieter  engine-room.  This  four-cylinder  four-crank 
engine  is  naturally  somewhat  heavier  than  a  six-  or 
eight-cylinder  high-speed  engine  and,  to  obtain  the 
necessary  cyclic  regularity  for  parallel  running,  a  heavy 
flywheel  is  used. 

A  spring-type  governor  is  provided  which  controls 
a  throttle  valve  on  the  gas  supply  to  the  engine.  The 
throttle-valve  spindle  is  fitted  with  a  quadrant  and 
pointer  showing  to  what  extent  the  valve  is  open.  With 
the  aid  of  this  the  attendant  can  easily  tell  if  the  governor 
is  working  freely.  It  also  gives  an  indication  of  the 
quahty  of  the  gas  by  its  position  as  compared  with  the 
load. 

The  air  supply  is  not  controlled  by  the  governor,, 
but  means  are  provided  for  adjusting  the  amount  of 
air  when  tuning  up  ;  under  running  conditions  it  is. 
found  that  gas  governing  alone  is  quite  sufficient. 

Exhaust  boilers. — Each  gas  engine  is  fitted  with  an 
exhaust  boiler  supplied  by  Messrs.  Ruston  and  Homsby, 
Ltd.  In  the  case  of  the  first  two  engines  the  boilers 
were  installed  without  water  heaters.  Water  heaters 
were,  however,  added  to  the  boilers  connected  to  the 
later  engines.  In  order  to  keep  down  the  temperature 
of  the  engine-room  and  to  save  heat,  the  exhaust  pipes 
between  the  engines  and  the  boilers  were  lagged.  Under 
these  conditions  the  pipes  got  red  hot  and  were  unsafe, 
so  that  the  lagging  had  to  be  removed  and  the  economy 
due  to  it  on  the  heat  balance  sacrificed  for  other  con- 
siderations. 

In  the  first  two  engines  installed  the  exhaust  was  con- 
nected direct  to  the  boiler  without  a  by-pass,  so  that 
in  the  event  of  the  boiler  having  to  be  opened  the  engine 
would  be  on  stop.  This  risk,  as  will  be  seen  from  the 
operation  figures  given  on  page  424,  was  comparatively 
small ;  but  it  was  decided  in  the  case  of  the  other  four 
engines  to  provide  a  by-pass  and,  subsequently,  the 
first  two  boilers  were  also  by- passed. 

Dynamos. — Messrs.  Hoffmann's  works,  at  the  time 
that  the  extensions  took  place,  were  driven  by  direct 
current  at  no  volts,  and,  although  it  was  recognized 
in  the  first  extension  that  a  higher  voltage  would  be 
more  suitable,  it  was  decided  that  the  first  two  dynamos 
should  be  no-volt  d.c.  machines,  so  as  to  avoid  installing 
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new  motors  and  cables  and  the  nuisance  of  changing 
the  existing  plant. 

When  the  second  instalment  of  plant  was  put  in  hand 
it  was  decided  to  use  a  pressure  of  220  volts,  as  the 
current  was  intended  for  new  shops,  for  which  new 
motors,  cables,  etc.,  had  to  be  ordered  in  any  case. 

All  the  dynamos  were  supplied  by  Messrs.  Crompton 
&  Co.,  and  are  open  type,  direct  current,  shunt  wound 
interpole,  360  kw.  machines,  running  at  190  r.p.m. 
They  are  provided  with  a  "  Hoffmann  "  roller  outer 
bearing  supported  in  a  cast-iron  pedestal  on  a  "  U  " 
bedplate,  and  the  armature  shaft  is  bolted  direct  on  to 
the  engine  flywheel.  This  makes  a  very  neat  and  com- 
pact arrangement  and  has  run  very  well. 


and  of  skilled  workmen,  the  completion  of  the  work  was 
delayed  and  the  cost  increased. 

Table  i  shows  the  outlay  per  kilowatt. 

The  first  installation  consisted  of  a  Lymn  gas  plant 
capable  of  gasifying  30  tons  of  coal  per  24  hours,  sul- 
phate of  ammonia  evaporating  plant,  two  500-b.h.p. 
Premier-Crompton  generating  sets,  Lancashire  boiler, 
superheater,  economizer,  chimney,  pumps,  pipes,  feed 
pumps,  600-ton  coal-storage  bunker  and  coal-handling 
plant,  etc. 

The  second  plant  was  a  repetition  of  the  first,  except 
that  four  500-b.h.p.  Premier-Crompton  sets  were  pro- 
vided and  the  gas  and  electric  supply  had  to  be  carried 
considerable  distances. 


Table   i. 
Capita!  Cost  of  Plant  per  Kilowatt. 


D.ite 

First  Plaut 

Second  Plant 
1917 

1916 

Lymn  gas  producer  plant,  without  buildings  or  foundations 

Foundations  and  buildings  for  Lymn  gas  plant     .  . 

Coal  storage  and  coal-handling  plant  (600  tons  each) 

Building  of  power  houses  A,  B,  and  C,  and  engine  foundations,  cranes 

Gas  engines,  gas  pipes,  water  and  compressed  air  pipes,  compressors  in   power 

houses 
Exhaust  boilers  with  steam,  water  and  exhaust  pipe  connections 
Generators,  switchboards  and  connections 
Lancashire  boilers,  chimney,  boiler  house  and  coal-handling  plant 

I 
I2-20 

2-45 
2-76 

7-30 

7-75 
1-14 

5-70 
1-68 

i 
14-26 

2-23 

2-69 

9-05 

12-  20 

1-99 
5-98 
I  -60 

/50 -  00 

I 

13-230 

2-340 

2-725 
8-175 

9-975 
1-565 
5-840 
I  -640 

Total  cost  per  kw.            . .          .  .          .... 

;(40-98 

;f45-49 

Boiler  plant. — In  addition  to  the  steam  required  for 
the  gas  plant  a  large  amount  is  required  for  heating  and. 
domestic  purposes  in  the  works,  more  especially  in  the 
winter.  This  is  provided  in  part  by  the  exhaust  boilers 
fitted  to  the  500  b.h.p.  gas  engines.  To  meet  the 
remaining  call  for  steam  two  Lancashire  boilers  were 
provided,  one  with  the  iirst  30-ton  unit  and  the  other 
with  the  second. 

The  Lancashire  boilers,  9  ft.  diameter  x  30  ft.  long, 
were  made  by  Messrs.  H.  &  T.  Danks  (Netherton), 
Ltd.,  and  are  fitted  with  Hodgkinson's  mechanical 
stokers,  a  Green's  economizer,  a  Sugden  superheater, 
and  feed  regulators.  These  call  for  no  special  remarks 
except  in  reference  to  tar  burning,  which  is  dealt  with 
on  page  425. 

One  of  Paterson's  "  B  "  type  cold  process  water- 
softening  plants  is  installed  for  dealing  with  the  whole 
of  the  water  required  for  steaming  purposes,  as  the  water 
available  was  not  suitable.  By  the  use  of  lime  in  this 
plant  the  hardness  of  the  water  is  reduced  to  3  degrees 
"  Clark  "  approximately,  and  the  boilers  are  kept  free 
from  scale. 

Capital  Costs. 

Owing  to  the  war  the  cost  of  the  plant  was  much 
above  pre-war  rates  ;  also,  due  to  the  shortage  of  material 


Operating  Results. 

Fuel. — Owing  to  war  conditions  the  supply  of  coal 
was  very  uncertain  and,  in  consequence,  various  kinds 
were  used.  In  January  1918  some  795  tons  of  coal 
of  nine  different  sorts  were  gasified.  By  December 
1918  deliveries  had  improved  and  were  only  of  five 
different  sorts.  It  will  be  readily  understood  that 
such  variations  do  not  improve  working  conditions. 

The  ashes  withdrawn  from  the  producers  during  1918 
averaged  a  carbon  content  of  11  •  8  per  cent,  which 
represents  3  ■  23   per  cent  of   the  therms  *  in  the  coal. 

The  results  given  in  this  paper  were  obtained  without 
special  arrangements  and  under  normal  conditions,  and 
can  be  taken  as  typical  commercial  results.  No  effort 
has  been  made  to  obtain  special  test  figures  which  are 
not  realized  under  ordinary  working  conditions. 

Steam  required  for  gas  plant- — The  amount  of  steam 
required  is  considerable,  mainly  for  use  in  the  producers 
and  for  evaporating  the  sulphate  liquor.  In  addition 
to  these  uses  there  are  tar  troughs  to  be  heated,  tar 
tanks  to  be  kept  at  such  a  temperature  that  the  tar  for 
burning  is  quite  fluid,  and  various  incidentals  about  the 
plant.     In  order  to  obtain  some  accurate  figures  of  the 

*  Throughout  this  paper  the  word  "  therm  *'  is  used  for  "  British  thermal 
unit." 
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steam  consumption  one  Lancashire  boiler  was  isolated 
and  used  for  steam  supply  for  the  gas  plant  only,  and 
a  test  extending  over  one  week  was  carried  out. 


Coal  gasified 
Water  evaporated 

Coal  used  in  boiler 

Tar  used  equal  to  6  tons  coal 

Coal  equivalent  used  on  boiler 


136  tons  10  cwt. 
447,600   lb. 

24  tons  7  cwt. 
6    „      o     „ 

30  tons  7  cwt. 


Equal  to  22-25  P^r  cent  of  the  coal  gasified. 
Amount    of    sulphate    salts    made:     6-256    tons, 
102-6  lb.  per  ton  of  coal  gasified. 

A  second  test  under  similar  conditions  showed  : — 


Coal  gasified 

Coal  equivalent  used  on  boiler 


145  tons  15    cwt. 
33     ..     18    „ 


Equal  to  33-25  per  cent  of  the  coal  gasified. 

These    figures    are    rather    high,    as    the    Lancashire 


Figures  for  six  months'  operation  of  one  30-ton  gas 
plant  supplying  gas  for  two  engines  and  furnaces  may 
be  analysed  as  follows  to  show  how  the  efhciency  would 
appear  if  all  the  gas  were  used  for  power.  The  result 
is  summarized  in  Table  2. 

During  this  period  the  total  coal  gasified  was  3,255 
tons,  giving  an  average  load  of  about  75  per  cent  during 
operating  hours  of  the  plant.  Of  the  total  amount  of 
gas  made  42  -  7  per  cent  was  used  for  the  engines  and 
57-3  per  cent  for  the  furnaces.  For  this  purpose  the 
whole  of  the  steam  raised  by  the  exhaust  boilers  is 
credited  to  the  gas  engines,  and  the  tar  is  allocated  in 
proportion  to  the  gas  used  by  the  engines  and  the 
furnaces  respectively. 

The  figures  used  for  converting  the  work  done  by  the 
exhaust  boilers  and  by  tar  to  a  common  coal  equivalent 


Exhaust  boilers 
Lancashire    ,, 


I  b.h.p.-hour  =  2  lb.  steam 
I  lb.  coal  =  6    ,,       ,, 

I  lb.  tar  =  7 J,, 


Table  2. 

Power-plant  Coal  Consumption. 


Coal  Gasified  in 
Producers 

Coal  i{ 

25  percent 

is  Required 

to  Provide 

Steam 

Coal  Gasiaed  plus  Coal 
for  Steam  Making 

Amount  of 
by 

Coal  Saved 
by 

Surplus 
Steam  used 
for  Manu- 
facturing 
Purposes 

Actual  Coal  to  be 
Debited  to  Power  Plant 

Load 

Factor  Gas 

Engines 

Overall 
Electro- 
Thermal 

Total 

Per  kw.-hr. 

Total 

Per  kw.-hr. 

Exhaust 
BoUers 

Tar 
Burnt 

Total 

Per  kw.-hr. 

Efi&ciency 

tons 

lb. 

tons 

3475 

tons 
1737-5 

lb. 
2   12 

tons 

37975 

tons 
II47 

. ' 

j  tons 

tons 
14695 

tons 
1,24305 

lb. 
I  51 

per  cent 
736 

per  cent 

1.390 

17 

494  4. 
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boiler  available  for  the  test  is  capable  of  evaporating 
three  times  the  amount  of  water  required,  and  was  not 
working  therefore  at  an  economical  rate.  As,  however, 
the  above  tests  were  taken  in  May  and  June,  and  the 
heat  losses  would  be  slightly  greater  during  the  cold 
months  of  the  year,  the  costs  given  later  allow  for  coal 
for  steam  raising  at  25  per  cent  of  the  coal  gasified. 

A  charge  of  approximately  25  tons  of  coal  for  steam 
required  for  the  producer  and  gas  plant  only,  for  every 
roo  tons  of  coal  gasified,  is  a  heavy  item  In  working  costs 
and  one  that  must  always  seriously  affect  the  use  of 
by-product  producer  plants. 

Messrs.  Hoffmann  recognized  that  their  conditions 
would  be  favourable  for  adopting  this  type  of  plant, 
coupled  with  an  installation  of  exhaust  boilers.  By 
using  these  boilers  and  burning  tar  75  per  cent  of  the 
25  per  cent  of  the  coal  required  for  the  gas  plant  is 
provided,  and  the  actual  coal  required  for  gas  plant 
steam  is  reduced  to  6-25  per  cent  of  the  coal  gasified. 

Coal  consitmption  and  thermal  efficiency. — As  already 
pointed  out  the  coal  supply  varied  very  considerably, 
consequently  the  results  are  not  so  good  as  they 
would  have  been  if  one  kind  of  coal  only  had  been  used. 
It  is  a  well-recognized  fact  that  a  mixture  of  coals  in  a 
producer  leads  to  difficulties  unless  a  suitable  choice 
can  be  made.  In  the  plant  under  review  it  was  a  case 
of  "  Hobson's  choice." 


Based  on  these  equivalents  the  amounts  of  coal 
saved  during  the  six  months  by  the  use  of  the  exhaust 
boiler  and  by  burning  the  tar  are  : — 

By  exhaust  boiler     ..  ..     379-75  tons 

,,  tar  burning  ..  ..      114-70    ,, 


Total       .  .  .  .  .  .     494  •  45  tons 

During  the  period  the  two  engines  generated  1,834,375 
units,  giving  an  engine  load  factor  of  73-6  per  cent  on 
running  hours. 

The  above  table  shows  the  actual  coal  gasified  in 
lb.  per  kilowatt-hour  ;  also  what  it  would  have  been  on 
the  25  per  cent  basis  if  all  the  steam  for  use  on  the  gas 
plant  were  made  by  coal-fired  boilers ;  finally,  the 
equivalent  coal  for  the  amount  of  steam  actually  made 
by  the  exhaust  boilers  and  by  tar  burning,  and  its  effect 
on  the  coal  consumption  per  kilowatt-hour.  The  net 
amount  works  out  at  1-51  lb.  per  kilowatt-hour  and  is 
the  figure  used  in  the  working  costs  given  later. 

The  average  calorific  value  of  the  fuel  over  this  period 
was  11,333  therms  per  lb.,  giving  an  overall  thermal 
efficiency  of 

Therms  per  kw.-hour  at  switchboard 
Cal.  value  x  net  coal  used  per  kw.-hour 

^      3412-5 

11,333x1-51 


=  19-9  per  cent 
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As  will  be  seen  from  the  table  more  steam  is  raised 
by  the  exhaust  boilers  than  is  required  to  make  gas 
for  the  engines.  In  other  words  exhaust  boilers  in  con- 
nection with  gas  engines  at  a  gas  works  would  provide 
all  the  steam  required  for  the  producers,  working  under 


J.i   5  

Ml    °"0         10%     20%   30%    40%     50%   60%    7(5%    80%    90%  100^ 

w^-  LocLd 

Fig.  3. — Heat  consumption  curves  of  500  b.h.p. — 340  kw. 
"  Premier-Crompton  "  set. 

by-product  recovery  conditions,  necessary  to  provide 
the  gas  for  the  engines  when  worlving  on  a  good  load 
factor. 

Gas   consumption   and   quality. — Owing    to   the   large 
quantity  of  gas  made,  130,000  to  i.jo,ooo  cubic  feet  per 


the  guaranteed  curve  plus  an  additional  allowance  for 
preliminary  runs  and  starting  up ;  consequently  the 
figures  are  on  the  safe  side. 

To  obtain  a  record  of  the  calorific  value  and  of  the 
composition  of  the  gas  made,  two  methods  were  adopted. 
A  recording  calorimeter  of  the  "  Sarco  "  type  was 
installed.  This  apparatus  shows  the  calorific  value 
of  the  gas  and  records  continuously  anv  variations  that 
may  occur  therein.  It  is  a  very  useful  instrument  but 
requires  checking  from  time  to  time. 

For  more  detailed  tests  and  analysis  an  aspirator 
is  used  which  draws  off  gas  over  a  long  period.  The 
sample  thus  obtained  is  analysed  in  a  Hempel's  absorp- 
tion pipette  with  suitable  re-agents. 

Table  3  gives  the  results  over  a  period  of  3  months, 
from  which  it  will  be  seen  that  the  variations  are  very 
slight  considering  the  different  qualities  of  coal  used. 

Tests  of  the  engines  have  been  made,  representative 
figures  of  which  are  given  in  Table  ^. 

The  efficiency  of  the  Crompton  dynamos  on  a  "  Hop- 
kinson  "  test  was  found  to  be  : — 


Full  load     .  . 
Three-quarter  load 
Half  load    .. 


92  per  cent 

91 
90-5     „ 


As  regards  operating,  the  engines  have  run  with  the 
regularity  and  the  freedom  from  trouble  of  a  good  steam 
engine. 


T.-^BLE  3. 
Average  Analysis  of  Producer  Gas  Made. 


Date, 
1918 

Number 
Tests 

1                       1 
.\verage  Period 

covered  by              CO.                   0 
each  Sample 

CO                   CH, 

T.  ,  ,             Calorific 
N          CoJu^tlfe    ^!^l^, 

Three  months. . 

42 

hours 
12-6 

per  cent         per  cent 
15-8            0-15 

per  cent      '     per  cent 
IO-68     1     2-59 

per  cent         per  cent          per  cent            therms 

26-6          44-1          39-87        139-5 

Highest  individual  readings 
Lowest  individual  readings 

17-4          0-5 

12-2                 

12-50          3" 00 
9-10          2-10 

28-4          48-3          42-6          150-6 
24-8          41-6          37-4          130-1 

ton  of  coal  gasified,  it  was  found  that  the  cost  of  metering 
apparatus  to  record  the  whole  of  the  gas  made  was  too 
high  to  warrant  its  installation. 

A  rotary  meter  capable  of  measuring  the  amount  of 
gas  taken  by  two  "  Premier  "  engines  was  purchased 
and  provision  made  for  fixing  it  in  various  parts  of  the 
plant,  so  that  tests  could  be  made  in  the  different  engine- 
rooms.  The  amount  of  gas  used  on  the  Premier  engines 
has  been  calculated  from  the  results  so  obtained. 

The  test  for  the  correctness  of  the  meter  at  the  makers' 
works  was  as  follows  : — 

At  80,000  to  20,000  cub.  ft.  per  hour        . .     correct 
,,  10,000  to  S.ooo  cub.  ft.  per  hour  . .     2  %  slow- 

Fig.  3  gives  curves  of  the  heat  consumption  guaran- 
teed, the  results  of  tests  of  the  same,  and  the  thermal 
efficiency  of  the  Premier-Crompton  sets. 

The  working  costs  given  later  were  calculated  from 


The  total  operating  hours  for  1918  were  : — 


Engine 

Hours  Run 

Compulsory  Stoppages 

No.     9 
No.  10 

• 
6,291 

6,588 

52I  hours,  of  which  43  hours  was 

due  to  exhaust  boiler 
32  J  hours 

Those  who  are  interested  in  the  compression-pressure 
question  may  note  that  the  pressure  in  these  engines 
is  120  lb.  per  square  inch. 

Exlinusl  boilers. — Tests  of  these  have  been  made  with 
and  without  the  water  heaters.  Specimen  tests  are 
given  in  Table  5. 

Sulphate  of  ammonia  recovery. — The  amount  of  sul- 
phate recovered  depends  on  the  amount  of  nitrogen 
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in  the  coal,  this  is  usually  in  the  neighbourhood  of 
1-3  per  cent  from  which  theoretically  13*) -5  lb.  of  sul- 
phate should  be  made  ;  actually,  as  will  be  seen  from 
Table  6,  some  90  lb.  is  recov-ered — an  efficiency  of  about 
65  per  cent.  The  sulphate  is  of  a  good  light  grey  colour, 
and  averages  over  25  per  cent  NH3. 

Owing  to  the  varying  qualities  and  quantities  of  coal, 
and  the  size  of  the  stock  tanks,  it  has  been  impossible 
to  obtain  a  straight  test. 


Use  of  tar. — The  amount  of  tar  produced  in  the  pro- 
cess varies  with  the  class  of  coal  used  ;  5  to  7  per  cent 
of  the  weight  of  the  coal  is  a  normal  figure  for  dry  tar. 
The  tar  as  made  contains  anything  up  to  40  per  cent  of 
water. 

There  is  a  good  market  for  gas  works  tar,  and  no  diffi- 
culty generally  occurs  in  disposing  of  it.  Producer  tar, 
however,  is  of  a  different  quality  and  is  not  usually 
acceptable  to  distillers  of  gas  tar.     Where  the  quantity 


Table  4. 
Test  of  Gas  Engine  and  Generator. 


Engine  Set, 
Number 

Li^ad 
Factor 

Load 

Generator 

Load 

Gas  Engine 

Calorific 

Gas  per 
kw.-bour 

Heat  per 
kw.-hour 

Gas  per 
b.h.p.-hour 

Heat  per 
b.h.p.-hour 

per  cub.  ft.,  net 

12 
II 

per  cent 
102 

84 

kw. 
350 

285 

cub.  ft.                     therms 
93-57                   13.062 

102                             13.759 

b.h.p. 
510 

420 

cub.  ft. 
64-24 

69-5 

therms 
8,968 

9.368 

therms 
139-6 

134-79 

Table  5. 
Tests  of  Exhaust  Boilers  using  the  Exhaust  Gases  from  a  ^00-b.h.p.  "  Premier  "  Gas  Engine. 


En^e 

„Set,  Load 

Number 


9 
II 


Heating  Surface 


Evaporation  per  b.h.p.-hour 

Temperature  of  Exhaust  Gases 

Actual          From  and  at 

Entering 
BoUer 

Leaving      1      Leaving 
Boiler               Heater 

lb.                     lb. 

1-91            2-i6 

• 

2-15            2-5 

560 

477 

"C.                -c. 

291           — 
198           180 

1 

Load 
Factor 


per  cent 

94 


84 


Table  6. 
Sulphate  of  Ammonia 
Average  amount  recovered  per  week  on  standard  basis,  24-5  per  cent  NHj. 


Weeks 

Coal  Gasified 

Sulph.  Am. 
recovered 

Sulph.  Am.  per  Ton 
of  Coal 

Nitrogen  in 
Coal 

NH,  recovered 

Actual  NH,  in 
Sulph.  Am. 

26 
13 

tons 
134-3 

150-1 

tons 

5-21 

6-II 

lb. 
87 

91-03 

per  cent 
1-285 

1-32 

per  cent 
64-2 

65-6 

per  cent 
25-29 

25-39 

A  recovery  of  65  per  cent  of  the  nitrogen  in  the  coal 
appears,  at  first  sight,  rather  low,  but  the  difficulty  in 
sampling  must  be  remembered  and  a  sample  taken  by 
the  men  who  unload  the  trucks  cannot  altogether  be 
relied  on  as  showing  the  average  of  the  bulk. 

A  more  critical  figure  for  the  ammonia  absorber 
efficiency  is  given  in  Table  7,  which  shows  the  amount 
of  ammonia  per  cubic  metre  of  gas  when  entering  and 
when  leaving  the  absorber,  the  actual  ammonia  not 
recovered  being  equal  to  only  4  ■  25  per  cent. 


of  tar  to  be  handled  is  sufficiently  great  to  pay  for  dis- 
tillation, it  may  be  economically  dealt  with  in  this  way  ; 
but  it  must  be  remembered  that  tar  distillation  requires 
special  care  and  attention,  particularly  when  it  may  be 
emulsified  with  water,  and  if  the  quantities  to  be  handled 
are  not  sufficient  to  pay  for  such  care  and  attention  the 
result  will  be  disappointing. 

Full  consideration  of  the  matter  led  to  the  use  of  the 
tar  recovered,  which  amounts  to  about  150  lb.  per  ton 
of  coal  gasified,  in  the  boiler  furnaces.     Jets  of  the  Ker- 
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mode  type  were  fitted,  through  which  the  tar  is  blown 
by  steam  over  the  grates.  A  compromise  had  to  be 
arrived  at  as  it  was  not  possible  to  allocate  any  one 
furnace  for  burning  tar  only,  and  the  arrangements 
had  to  be  such  that  coal  and  tar  could  be  burned  at  the 
same  time.  At  times  of  light  load  it  has  been  found 
best  to  shut  the  tar  off  and  to  run  on  coal  only,  keeping 
the  tar  for  such  times  as  a  good  coal  fire  can  also  be 
maintained,  which  not  only  protects  the  firebars  from 

Table  7. 
Recovery  of  Ammonia  in  Absorber. 


Grammes  NH3  per  cub.  metre  in  the  Gas 

Entering 
Absorber 

Leaving 
Absorber 

Efficiency 
per  cent 

Average  of  14  tests     .  . 

2-73 

o- 116 

95-75 

the  blast  action  of  the  tar  jet  but  also  facilitates  the  con- 
sumption of  smoke.  In  this  way  the  tar  can  be  burned 
without  smoke,  but  it  requires  watching.  If  the  grates 
are  allowed  to  run  bare,  and  the  tar  jet  deflected  down- 
wards, the  grate  bars  may  very  readily  be  damaged. 
Before  deciding  to  burn  it  the  question  of  distilling 
the  tar  was  considered.  A  mixed  sample  was  obtained 
and  an  analysis  made,  with  the  following  result  : — 


Moisture .  . 

Crude  oils  up  to  170°  C. 

Creosote  between  i7o°-i90°  C. 

190°  C.  to  pitch 
Pitch 


7     per  cent 
2-6 


17-5 
7-8 

65-1 


On  going  into  the  question  of  distilling  plant  it  was 
found  that  the  cost  of  the  same,  and  the  labour  in  con- 
nection therewith,  would  not  warrant  its  installation 
in  view  of  the  comparatively  small  amount  of  oil  that 
would  be  recovered.  The  tar  which  comes  off  in  No. 
4  washer  and  the  centrifugal  cleaner  undoubtedly  con- 
tains more  oils,  but  the  quantity  obtained  is  too  small  for 
distilling  commercially. 

Power-plant  running  costs. — Table  8  gives  the  cost 
per  unit  taken  from  the  actual  cost  sheets  for  six  months 
in  1918,  including  10  per  cent  on  the  capital  outlay. 


The  lubrication  costs  are  rather  high,  due  to  the  fact 
that  at  the  period  covered  a  system  of  forced  lubri- 
cation was  in  use  on  two  of  the  gas  engines.  Since 
then  the  arrangements  have  been  altered  and  now  the 
consumption  of  oil  for  lubrication  on  the  gas  engines  has 
been  reduced  by  46  per  cent. 

The  costs  include  the  value  of  the  current  used  in 
running  the  gas  plant  and  au.xiliaries  which,  during 
six  months,  amounted  to  approximately  85  per  cent 
of  the  units  generated.  As,  however,  only  about  42 
per  cent  of  the  gas  made  was  used  for  the  gas  engines 
the  actual  amount  of  current  required  for  auxiliaries 
represents  only  3-6  per  cent  of  the  current  that  would 
be  generated  if  all  the  gas  were  used  for  that  purpose. 

The  cost  of  the  fuel  if  the  above  debit  had  not  been 
made  would  be  o-i6od.  per  unit,  a  difference  of  o-oo6d. 
or  3-6  per  cent. 

Notes  on  Opeuaiing. 

Producers. — These  have  worked  very  well,  and 
although  minor  difficulties  occurred  during  the  first 
few  months  they  have  been  overcome.  The  chief  diffi- 
culty was  due  to  the  small  coal  and  dust  at  first  used. 
It  was  found  that  the  circular  overhead  coal  pockets 
and  the  cone  valve  on  the  feed  hopper  tended  to  separate 
the  coal  so  that  dust  went  to  one  side  and  the  larger 
pieces  to  the  other  side  of  the  producer,  consequently 
the  fuel  burned  unevenly  and  the  side  on  which  the 
larger  fuel  fell  got  much  hotter  due  to  the  lesser  resist- 
ance and  freer  passage  for  the  air  and  steam. 

In  this  connection  it  must  also  be  borne  in  mind  that 
all  the  stokers  had  to  be  trained  from  the  beginning,  and 
owing  to  the  shortage  of  labour  following  mobilization 
no  skilled  stokers  were  available  to  give  them  the  usual 
training.  For  a  novice  to  handle  a  big  producer  with 
the«long  heavy  pokers  is  strenuous  work,  but  the  diffi- 
culties were  tackled  very  willingly  and  soon  overcome, 
to  such  an  extent  that  they  were  kept  under  until  such 
time  as  regular  deliveries  of  coal  were  made,  when  they 
disappeared. 

Washer  tanks. — The  circulating  tanks  are  provided 
with  sloping  bottoms  so  that  the  tar  which  settles  in 
the  water  can  run  down  and  be  drawn  off  when  necessary. 
For  Nos.  3  and  4  washers  this  worked  very  well,  but  with 
No.  2  the  tar  was  sometimes  too  thick  to  run  easily, 
and  in  No.  i  tank  the  amount  of  tar  was  usually  small 
but  mixed  with  a  large  proportion  of  dust  and  soot 
which  blocked  the  tar  outlets. 


Table  8. 

Power-plant  Running  Costs  per  Kilowalt-hour,  Six  Months,   191 8.     Including  Credit  for  Sale  of  Sulphate  of 

Ammonia  and  Debiting  Cost  of  Sulphuric  Acid. 


Average  price  of  coal     . . 
Average  price  of  sulphuric  acid 
Average  price  of  sulphate  of  ammonia 


£1     8s.   I  id.  per  ton. 
;^4  13s.     od. 
£i-/  2s.     od. 


Units  from 
Switchboard 

Fuel 

Lubrication 

Supervision  and 
Labour 

Repairs  and 
Renewals 

Charges  on  Capital, 
10  per  cent 

Total 
d. 

o-  720 

Load 
Factor 

1,834.375 

d. 
o- 166 

d. 
0-058 

d. 
0-159 

d. 
0-130 

d. 
0-207 

per  cent 

73-b 
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The  usual  perforated  scoops  were  provided  for  skim- 
ming the  tar  which  floats  off  the  surface  of  the  water  in 
the  tanks.  The  use  of  them  involved  a  good  deal  of 
labo\ir  and  led  to  the  development  on  the  works  of  a 
better  method.  A  sloping  plate  was  fitted  to  the  edge 
of  the  tanks  at  about  an  angle  of  45°  and  dipping  about 
6  inches  into  the  water.  By  using  a  flat  scraper  it  was 
then  possible  to  skim  the  tar  oft  much  more  quickly 
and  with  less  exertion. 

Details  of  this  kind  appear  insignificant  but  they  make 
all  the  difference  to  the  cleanliness  and  comfort  in  which 
the  work  can  be  carried  on. 

Corrosion. — In  spite  of  the  success  which  followed 
Mr.  L\Tnn's  use  of  non-lead  lined  steel  vessels  elsewhere, 
some  anxiety  was  felt  as  to  the  result  in  this  case  and 
careful  watch  was  kept,  inspection  being  made  when- 
ever  opportunity   offered. 

The  reason  why  corrosion  takes  place  in  some  cases 
and  not  in  others  does  not  yet  appear  to  have  been 
discovered,  although  many  attempts  have  been  made  to 
solve  the  problem  bj'  chemists  engaged  on  recovery 
plants.  Apparently  the  composition  of  the  coal  has 
something  to  do  with  the  matter.  From  the  author's 
experience  it  would  appear  that  when  using  mild  steel 
plates  very  little  corrosion  takes  place,  unless  the  metal 
is  also  subject  to  either  erosive  action  or  is  under  stress. 
.\t  such  points  corrosion  may  be  rapid. 

In  the  case  of  Messrs.  Hoftmann's  plant,  ammonia 
recovery  was  not  attempted  until  some  weeks  after  the 
plant  was  started,  in  order  that  the  interior  of  the  vessel 
might  get  thoroughly  coated  with  tar  before  any  acid 
liquors  were  circulated.  Beyond  the  failure  of  a  few 
bolts  and  rivets  there  has  been  no  trouble  from  corrosion. 

Centrifugal  fan  cleaners. — These  do  their  work  well 
but  too  much  is  expected  of  them.  The  design  of  the 
fan  is  such  that  the  tar  and  water  driven  out  of  the 
gas  by  centrifugal  force  are  not  thrown  off  clear  but 
ha\-e  to  run  down  the  casing  and  through  the  outlet 
with  the  gas  before  draining  awav,  consequently  the 
gas  is  liable  to  pick  up  some  tar  again. 

A  modification  of  the  design  which  would  allow  the 
tar  and  water  to  get  away  from  the  svstem  immediately 
it  had  been  thrown  out  of  the  gas  would  make  the 
machine  more  effective. 

The  action  of  the  water  in  the  tar  fans  is  mechanical 
and,  under  present  conditions,  cold  water  is  necessary 
to  reduce  the  temperature  of  the  gas  and  to  condense 
the  tar  into  such  vesicles  that  it  can  be  caught  by,  and 
separated  out  with,  the  water.  If  the  washing  water 
is  cooled  in  towers  the  possible  temperature  of  the 
return  water  is  not  really  low  enough  to  be  thoroughly 
effective,  so  fresh  cold  water  has  to  be  brought  into 
circuit  and  dirty  hot  water  thrown  away.  The  effluent,  ,' 
when  handled  in  a  coke  filter,  can  be  made  perfectly 
satisfacton,-,  but  it  leaves  behind  a  tar  laden  by-product 
which  is  difi&cult  to  dig  out  of  the  filter  beds  and  difficult 
to  burn  because  it  is  saturated  with  water  and  coated 
with  tar. 

Sawdust  scrubbers. — In  town  or  coke-oven  gasworks 
scrubbers  packed  with  iron  oxide  are  used,  the  action 
of  which  is  chemical  rather  than  mechanical,  and  the 
spent  oxide  residue  has  a  trade  value. 

When  sawdust  scrubbers  are  used   their  function  is 


purely  mechanical.  The  removal  of  the  tar-laden  saw- 
dust is  an  objectionable  process  and  the  dirty  material 
is  difficult  to  dispose  of.  Increasing  the  number  of 
scrubbers  only  enables  any  box  to  run  longer,  as  it 
decreases  the  rate  at  which  the  gas  passes  through  it, 
and  thus  only  postpones  the  dirty  day.  The  final 
traces  of  tar  are  due  to  the  lighter  tars  with  low  condens- 
ing temperatures,  and  it  is  therefore  highly  important 
to  reduce  the  temperature  of  the  gas  before  it  reaches 
the  scrubbers. 

This  all  points,  in  the  author's  opinion,  to  the  advisa- 
bility of  getting  the  gas  temperatures  down  lower  and 
catching  the  tar  as  pure  as  possible  and  free  from  saw- 
dust, or  coke  filtering  processes. 

The  P.  and  A.  and  various  centrifugal  types  of  mach- 
ines have  been  used  for  town  and  coke-oven  gas,  but 
are  not  so  successful  on  producer  gas.  It  is  hoped 
that  the  demand  will  justify  research  and  experiments 
in  this  field,  and  will  develop  an  apparatus  which  will 
be  light  in  cost  of  operation  and  maintenance. 

Electrostatic  system  of  gas  cleaning. — Having  in  mind 
some  experiments  conducted  by  Sir  Oliver  Lodge  in 
1905  in  connection  with  fog  dissipation,  which,  although 
quite  successful  on  a  laboratory  scale,  were  found  too 
costly  to  apply  to  a  London  fog.  the  author  thought 
that  something  might  have  been  done  in  this  direction. 

Sir  Oliver  seems  to  have  first  introduced  the  system 
to  the  public  at  Montreal  in  1884.*  Sir  Oliver  there 
showed  experiments  with  magnesium  smoke  in  glass 
globes  fitted  with  points  of  wire  connected  to  an  electrical 
plate  machine.  When  the  current  was  turned  on  it  is 
stated  that  the  smoke  and  dust  crvstallized  or  solidified 
into  filaments  and  streamers  on  the  points  of  the  wire. 

The  Cottrell  system  was  tried  at  the  Ann  Arbor 
Town  gas  works.f  but  the  trouble  in  keeping  the  elec- 
trodes insulated  appears  to  have  prevented  a  more 
general  application  of  the  system  and,  so  far  as  the 
author  has  been  able  to  ascertain,  it  has  not  been  applied 
to  producer  gas. 

The  Steere  Engineering  Company  of  Detroit  have 
also  u.sed  static  electricity.  In  their  case  the  current 
employed  was  alternating. 

Although  these  systems  have  been  highly  successful 
in  connection  with  the  precipitation  of  dust  in  the 
smelting  and  cement  industries  there  appears  to  be 
difficulty  when  applied  to  gas  cleaning  in  keeping  the 
electrodes  free  from  tar  deposit. 

•  A  recent  application  to  Sir  Oliver  Lodge  drew  from 
the  Lodge  Fume  Company  the  statement  that  they 
are  working  on  the  matter  in  this  countrv,  but  it  is  too 
early  yet  to  say  anything  definite  about  it. 

Circulating  pumps  and  pipes. — Owing'to  the  compara- 
tively small  quantity  of  water  circulated  round  the 
washers,  200  gallons  per  minute,  the  pumps  are  small 
and  light.  It  was  found  that  small  pieces  of  wood, 
and  small  stones  mixed  with  tar  and  dust,  collected  in 
the  casings  which,  in  larger  pumps,  would  have  been 
carried  through.  Pumps  for  this  purpose  should  have 
outside  bearings  and  a  flexible  coupling  to  the  motor  ; 
the  glands  should  be  ample  in  size  for  flexible  packing 
and  easily  adjustable. 

•  Electrician,  27  Sept.,  1884. 
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PATCHELL:    NOTES   ON    OPERATING 


The  delivery  and  suction  pipes  should  be  arranged 
as  short  as  possible,  since  the  efficiency  of  the  cleaning 
plant  depends  entirely  on  them  and  may  be  greatly 
reduced  bv  a  deposit  of  tar. 

Cast-iron  pumps  were  used  for  circulating  the  sulphate 
liquor  on  account  of  the  difficulty  in  obtaining  bronze. 
After  running  about  six  months  these  began  to  give 
trouble  due  to  corrosion  by  the  acid,  particularly  round 
the  chaplets.  Attempts  were  made  to  repair  them, 
bnt  after  the  Armistice  it  was  decided  to  replace  them 
with  bronze  pumps. 

Gas  mains. — These  are  fitted  with  dust  outlets  and 
poke-holes  which  enable  the  attendant  to  keep  the  pipes 
clear  while  the  plant  is  in  operation.  This  is  not  diffi- 
cult when  running  continuously.  It  was  found,  however, 
that  due  to  the  week-end  stoppage  there  was  a  tendency 


is  the  increased  pressure  at  the  producer  and  washers 
which  leads  to  loss  of  gas  due  to  leakage,  also  some 
discomfort  for  the  men  working  the  plant,  particularly 
those  who  have  to  poke  and  keep  the  producer  fires  in 
good  order. 

General  Remarks. 

After  all  that  has  been  heard  recently  concerning 
the  efficiency  of  electric  power  stations  it  is  interesting 
to  compare  the  figures  with  those  of  Messrs.  Hoffmann's 
plant  wWch,  for  the  six  months  period  quoted  above 
(Table  2),  consumed  1-51  lb.  of  coal  per  unit  and  show 
a  thermal  efficiency  of  19- g  per  cent  on  the  units 
delivered  to  the  feeders. 

Mr.  David  Wilson  (Teclmical  Adviser  to  the  Controller 
of  Coal  Mines)  gave  figures  for  the  year  ending  March 


rsiow. 
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Fig.  4. — Lymn  gas  plant:  air  and  gas  temperatures  and  pressures. 
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for  the  inlet  to  No.  i  washer  to  get  blocked,  and  also 
the  bottom  of  the  downcomer  from  No.  i  washer. 
Additional  poke-holes  were  provided  at  the  inlet  and 
a  water-luted  outlet  was  fitted  to  the  downcomer. 

In  the  second  plant  the  bottom  of  the  downcomer 
has  an  open  end  dipping  into  a  lute,  which  prevents 
any  accumulation  of  dust  in  the  m.ain  at  this  point. 

it  is  not  necessary  to  clean  out  the  gas  mains  except 
at  the  usual  hoHday  stops  during  the  year,  viz.  Easter, 
August,  and  Christmas,  when  all  the  extra  cleanmg 
necessary  can  h€  effected. 

Temperature  and  pressures. — Fig.  4  shows  the  air  and 
gas  temperatures  and  pressures  at  important  points 
from  the  blower  through  the  producers  to  the  gas  leaving 
the  works. 

It  will  be  noticed  that  as  far  as  possible  the  gas  pres- 
sures, both  positive  and  negative,  are  kept  low.  The 
greatest  variation  is  before  and  after  the  centrifugal 
cleaners.  This  cannot  be  avoided  if  the  gas  is  to  be 
delivered  at  a  reasonable  pressure  to  the  works. 

In  the  "  Mond  "  plants  it  is  customary  to  keep  the 
pressures  always  above  atmosphere.     The  disadvantage 


1918  at  a  Meeting  of  the  Junior  Institution  of  Engineers, 
27th  February,  1919. 
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Subsequently  published  figures  show  that  the  eight 
stations  in  the  Northumberland  district  in  the  year 
ending  March  1919  generated  272-8  million  units  at 
an  average  consumption  of  2-40  lb.  of  coal  per  unit 
generated.  The  best  station  in  that  district  shows  a 
coal  consumption  of  i-8o  lb.  per  unit  and  a  thermal 
efficiency  of  i8  per  cent  on  the  units  generated. 

The  next  district  in  order  of  merit  is  Durham  with  13 
stations  generating  307-8  million  units  and  an  average 
consumption  of  2-56  lb.  of  coal  per  unit,  with  a  best 


A    BY-PRODUCT   PRODUCER   GAS    PLANT    FOR    POWER   AND    HEATING. 


429 


single  station  consumption  of  2*2  lb.  per  unit  and  a 
thermal  efficiency  of  15-2  per  cent. 

Taking  the  whole  of  the  438 -stations  included  in  the 
returns,  the  units  generated  amounted  to  4,623  naillions 
with  an  average  consumption  of  3  "46  lb.  of  coal  per 
unit.  The  calorific  value  of  the  coal  is  not  available 
but,  assuming  11,000  therms  per  pound,  the  thermal 
efficiency  would  be  9  per  cent. 

The  Detroit  Edison  Company's  figures  which,  by 
the  kindness  of  Mr.  .Mex  Dow,  the  author  had  the 
pleasure  of  sending  to  the  Electrician  in  June  last,* 
show  a  coal  consumption  per  unit  delivered  to  the 
feeders  and  a  thermal  efficiency  for  the  six  months' 
periods  from  June  1916  to  December  1918,  varying 
from  1-44  lb.  and  17  "33  per  cent,  efficiency,  to  1-63 
lb.  and  16-33  per  cent  efficiency. 

\Vhen  comparing  the  capital  cost  of  this  plant  with 
other  costs  it  is  important  to  note  that,  wliile  the  four 
producers  are  of  large  size,  the  gas  washing  and  recovery 
plant  is  made  up  of  eight  vessels,  the  total  cost  of  which 
is  much  greater  than  it  would  be  if  the  plant  had  been 
put  down  at  one  tinae  as  a  60-ton  plant  instead  of  as 
.two  30-ton  plants.  Four  vessels  would  then  have 
sufficed  which  would  not  have  been  much  heavier 
than  four  of  the  present  vessels,  and  the  consequent 
saving  in  pipe-work,  foundations,  and  auxiliaries  would 
have  been  very  considerable. 

As  regards  the  use  of  gas  engines,  experience  here  as 
well  as  elsewhere  has  proved  that  they  are  reliable 
and,  where  gas  is  available — whether  it  is  used  for 
boiler  firing  or  used  direct  in  engines — will  be  deter- 
mined largely  by  the  size  of  the  plant  contemplated. 

In  the  author's  opinion  the  large-cylinder  high-power 
gas  engine  will  be  developed  in  this  country  as  it  has 
been  abroad.  He  is  a  firm  believer  in  the  quick-revolu- 
tion steam  engine  up  to  a  size,  but  it  has  its  limitations 
which  have  been  masked  by  the  development  of  the 
turbine.  If  large  gas-engine  units  are  called  for,  as 
they  surely  will  be,  in  greater  numbers  it  does  not 
appear  likely  that  a  multiplicity  of  small  cylinders 
will  answer  the  call.  If  a  3,000  h.p.  unit  can  be  safely 
developed  on  four  cylinders,  why  use  24  cylinders  ? 
Meantime  the  gas  turbine  is  not  a  commercial  product. 

For  huge  plants  the  steam  turbine  has  no  competitor, 
and  the  opportunities  for  combining  such  a  plant  com- 
plete with  by-product  recovery  from  fuel  cannot  be 
frequent,  so  it  is  more  probable  that  in  such  plants 
direct  coal-firing  will  be  the  rule,  assisted,  to  a  small 
extent,  by  surplus-gas-fired  boilers  as  has  been  at  present 
attempted. 

Power  is  a  necessity.  Coal  is  a  wasting  asset  and, 
while  the  engineer  is  anxious  to  convert  coal  into  power, 
thermal  efficienc}'  must  not  outweigh  all  other  considera- 
tions or  be  allowed  to  become  a  fetish. 

The  country  needs  power  but  it  finds  other  products 
from  coal  necessary,  and  no  amount  of  "  cheap  power  " 
v^ill  take  their  place.  Whether  power  (as  electricity  or 
gas),  tar  derivatives,  or  coke,  is  the  by-product,  can 
only  be  determined  by  consideration  of  the  coal  and  the 
locality  in  which  it  is  produced. 

In  dealing  with  fuel  problems  the  first  question  to 
settle  Ls,  which  is  to  be  the  product  and  which  the  by- 
•  Eleciricictn   1919,  vol.  82,  p.  703. 


products  ?  Coke,  gas,  oil,  ammonia,  etc.,  present  a 
large  variety  of  alternatives  for  choice.  "The  price 
and  quality  of  the  fuel,  the  cost  of  the  plant,  the  cost 
of  operating,  and  the  possibility  of  disposing  of  the  by- 
products at  remunerative  rates  are  all  factors  in  arri\ing 
at  the  cost  of  the  product.  A  comprehensive  view  of 
the  situation  is  necessarj-. 

We  have  only  two  minerals  to  e.xport,  coal  and  China 
claj',  and  we  must  make  the  most  of  them,  exportin<» 
only  the  best  at  the  best  prices.  The  position  of  the 
industrial  centres  of  manufacture  has  always  been 
settled  by  the  position  of  the  potential  power  supply, 
in  our  case  by  our  coalfields,  and  it  seems  at  any  rate 
a  debatable  question  whether  the  country  can  be  recon- 
structed on  such  a  plan  that  natural  advantages  are  of 
small  account. 

It  is  absolutely  certain  that  low-grade  fuel  must  be 
better  utilized  in  the  future  than  in  the  past.  This 
should  be  used  locally  to  save  the  cost  of  carriage. 
Any  attempts  to  use  such  fuel  have  generallv  been 
abandoned  in  favour  of  high-grade  fuel,  whether  for 
boiler-firing  or  for  producer-gas  plants.  It  is  said  to 
have  been  done  for  economy.  Whether  the  altered 
conditions  under  which  we  shall  have  to  carry  on  in  the 
future  will  permit  it  is  an  open  question  ;  the  factors 
which  have  to  be  considered  in  economy  are  rapidly 
changing  in  Aalues. 

For  burning  low-grade  fuel  an  arrangement  of  a 
grate  external  to  the  boiler  would  be  better  than  a  grate 
directly  under  the  boiler,  as  the  grate  need  not  be  so 
restricted,  and  the  next  step  is  a  producer  grate.  Siemens 
developed  the  circular  producer  for  furnace  work  40 
years  ago  on  much  the  same  lines. 

Calculations  have  been  made  showing  the  loss  in  pro- 
ducer gas  firing  of  boilers,  with  and  without  by-product 
recovery,  as  compared  with  direct  coal-firing,  but  these 
questions  are  not  always  settled  by  calculation.  There 
are  many  variables  and  unknown  quantities. 

Both  the  gasification  and  carbonization  of  coal  have 
been  much  discussed  in  connection  with  the  fuel-economy 
campaign. 

It  is  not  all  coal  that  will  coke,  nor  is  there  an  un- 
limited demand  for  coke.  If  there  was  such  a  demand 
the  fact  that  coke  is  twice  as  bulky  as  the  coal  from 
which  it  is  made  would  severely  handicap  its  transport, 
which  points  to  its  being  used  locally.  It  must  be  ad- 
mitted that  there  is  no  more  likelihood  of  all  coal  being 
gasified  than  of  it  all  being  coked,  but  there  is  every 
probability  of  much  more  coal  undergoing  one  or  other 
of  these  processes  than  at  present. 

Low-temperature  carbonization  has  no  special 
therapeutic  effect,  and  although  in  some  quarters  much 
is  expected  of  it  the  industry  still  has  to  be  established 
on  a  sound  commercial  basis.  The  semi-coke  offers  a 
pleasanter  fuel  for  domestic  hearths  as  an  alternative 
to  gas-coke,  but  it  is  not  likely  to  displace  furnace  or 
foundry  coke.  Low-temperature  carbonization  will  not 
make  good  semi-coke  out  of  rubbish,  any  more  than  a 
high-temperature  process  will  make  good  coke  of  it, 
and  it  remains  either  to  wash  all  the  dirt  possible  out 
of  low-grade  fuel  or  to  bunr  it  with  a  high-ash  content. 

To  wash  coal  costs  money  and  is  only  in  part  effective, 
while  to  burn  rubbish  cells  for  more  labour  in  transport 
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and  handling,  larger  grates,  and  more  heat  is  thrown 
away  in  the  ash.  The  same  considerations  apply,  no 
niatter  whether  the  burning  is  done  in  a  producer  or 
in  a  steam  boiler. 

To  what  extent  sulphate  of  ammonia  recovery  from 
fuel  will  pay  will  depend  not  only  on  the  nitrogen  content 
of  the  fuel  and  its  price,  and  the  cost  of  recovery  includ- 
ing capital  charges,  but  also  on  the  selling  price  of  the 
sulphate,  and  this  may  be  greatly  affected  by  some  of 
the  processes  of  nitrogen  fixation  which  have  been  so 
largely  developed  during  the  war.  This  last  considera- 
tion is  likely  to  have  an  importamt  bearing  on  the  adop- 
tion of  an  ammonia-recovery  process  from  coal. 

Again,  we  have  an  at  present  only  partly  explored 
field  in  the  application  of  pulverized  fuel.  The  high 
boiler  efficiency,  due  to  the  possible  close  regulation 
of  air,  is  attractive  but  is  not  assured,  and  if  obtained 
may  be  too  dearly  bought  when  the  cost  of  pulverizing 
and  the  trouble  from  dust  and  cHnker  is  emphasized,  as 
it  is  in  the  case  of  fuel  with  a  high  ash  content. 

A  most  disturbing  element  at  the  present  tim.e  is  the 
shortened   week  with  only  one  operating  shift.      This 


is  perhaps  not  the  place  to  discuss  its  effect  on  the 
country,  but  we  are  certainly  justified  in  stating  here 
that  load  factor  is  the  important  element  in  cheap 
power,  and  a  high  load  factor  is  impossible  with  a  short 
working  week  and  only  one  sliift  worked  in  the  24  hours. 
Such  operating  cuts  at  the  root  of  economical  power 
stations,  and  e\-en  if  we  supply  over  large  areas  this  will 
not  give  a  diversity  factor  to  make  up  for  the  short 
working  hours  of  the  consumers.  If  manufacturing 
calls  for  cheap  power  it  must  remember  that  a  low  price 
depends  on  long  hours  of  operating  and  a  high  load 
factor. 

In  conclusion  the  author  desires  to  put  on  record  his 
indebtedness  to  the  managing  directors  of  the  Hoffmann 
Manufacturing  Company  for  permission  to  publish 
these  particulars  of  their  plant,  also  to  their  staff  and 
his  own,  and  to  Mr.  A.  H.  Lymn,  for  their  ready  assist- 
ance rendered  in  the  matter. 


(The    discussion    on    this   paper    will    be    found    on 
page  437.) 
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Sir  Charles  A.  Parsons  mentioned  in  his  presidential 
address  to  the  British  Association  at  Bonrnemouth  in 
1910,  that  the  latest  estimate  of  our  total  water  power 
in  the  British  Isles  is  only  i^  million  horse-power,  and 
that  England  possesses  only  i  per  cent  of  the  water 
power  and  only  2  J  per  cent  of  the  total  coal  in  the  world. 

In  view  of  this  fact  and  that  we  as  a  nation  have  to 
effect  a  considerable  saving  in  our  fuel  consumption, 
we  must  first  of  all  look  to  our  efficiency.  In  many  cases 
this  is  very  low  and  wasteful.  It  is  for  us  to  look  for 
better  methods  of  using  our  wasted  heat  units,  and  thus 
make  the  best  use  of  what  we  have,  before  attempting 
to  harness  any  new  powers. 

One  instance  of  great  wastage  is  in  the  form  of  blast- 
furnace gas,  which  escapes  from  the  furnaces  during  the 
making  of  pig  iron,  and  it  is  to  give  some  rough  outline 
of  the  better  way  in  which  this  gas  can  be,  and  is  being 
used,  that  this  paper  is  written.  The  author  hopes  that 
it  will  prove  of  some  little  value  to  all  engineers. 

The  amount  of  energy  which  is  at  present  being  wasted 
or  used  at  about  10  per  cent  efficiency  from  the  blast 
furnaces  of  this  country  is  in  the  neighbourhood  of 
I  million  horse-power.  This  is  a  matter  that  should 
be  seriouslv  taken  up  in  connection  with  the  greater 
power  scheme,  and  should  serve  a  very  good  purpose  in 
the  cheapening  of  electrical  energy. 

Table  7  in  the  Appendix  (page  436)  shows  the  savings 
that  can  be  effected  where  the  gas  is  cleaned  and  used 
efficiently  ;  thus,  for  the  same  quantity  of  gas  an  addi- 
tional 10  thousand  horse-power  can  be  produced,  and 
about  5  to  6  thousand  horse-power  saved  on  coal,  making 
a  net  saving  of  about  16  thousand  horse-power  from 
three  blast  furnaces. 

The  gas  is  a  by-product  and  has  been  treated  in  the 
past  as  of  verv  little  value,  being  therefore  either  wasted 
or  used  very  inefficiently.  The  furnaces  are  self-con- 
tained, with  a  large  number  of  boilers  for  steam-raising 
to  supply  the  blast  engines  for  the  furnace  blowing. 
This  blast  in  turn  passes  from  the  engine-driven  blowers 
through  the  hot  stoves  to  the  furnaces.  The  hot  stoves 
and  boilers  usually  consumed  the  whole  of  the  gas  made, 
in  addition  to  a  very  large  amount  of  coal  for  the  boilers. 

The  gas  was  used  in  its  crude  state,  with  the  exception 
of  the  small  amount  of  dust  taken  out  by  the  dust  catchers, 
which  amounted  to  about  20  per  cent  of  the  initial  dust 
in  the  gas,  the  dust  quantities  at  this  point  being  in  the 
neighbourhood  of  8  grammes  per  cubic  metre.  This  con- 
siderably choked  up  the  boiler  tubes  and  flues,  and  caused 
great  loss  in  laying  oft  the  boilers  for  cleaning,  which  was  a 
very  frequent  occurrence  when  it  is  seen  that  the  boilers 
consumed  about  i  million  cubic  feet  of  gas  per  hour. 

In  addition  to  the  dust,  the  moisture  had  to  be  dealt 
with,  and  this  considerably  lowered  the  temperature  of 
the  fire  box,  thus  causing  the  excessive  use  of  coal  with 
very  inefficiently  burnt  gas.     Many  of  the  boilers  on  this 


class  of  work  are  in  the  open  air  and  have  no  shelter  ; 
the  settings  are  very  often  so  porous  that  it  is  far  from 
economical  to  use  even  clean  gas  on  them,  but  during 
the  transition  stage  this  has  to  be  done.  The  use  of  gas 
for  boiler-firing  is  proving  a  very  bad  policv,  since  in 
comparison  with  large  gas  engines  only  about  30  per  cent 
of  the  engine  efficiency  is  maintained  on  the  boilers  of 
modern  design  on  clean  gas. 

Old  and  New  Methods  of  Utilization  of 
Waste  Heat. 

The  gas  which  is  produced  from  the  coke,  limestone 
and  ore  during  smelting  was  originally  blown  entirely 
to  the  atmosphere  as  waste.  After  some  yea''s  of  this 
the  iron  smelters  discovered  that  the  gas  was  useful  and 
so  they  employed  it  in  its  crude  state  under  the  steam- 
raising  boilers,  these  supplying  steam  for  the  furnace 
blowing  engines.  A  slight  economy  was  realized  on  the 
coal  used.  This  went  on  for  a  number  of  years,  the  blast 
being  taken  direct  from  the  blowers  to  the  furnaces  at 
about  atmospheric  temperature.  Later  it  was  thought 
that  to  heat  the  blast  before  entering  the  furnace  would 
be  a  still  further  economy  and  increase  the  production 
of  the  furnaces,  and  large  vertical  stoves  were  therefore 
designed  to  heat  the  blast. 

Operation. — First  the  crude  gas  was  turned  into  the 
stoves  and  was  kept  burning  until  the  stove's  firebrick 
lining  was  raised  to  700-800°  C.  ;  then  the  gas  was  cut 
off  and  the  blast  from  the  blowers  turned  through  the 
heated  stoves  on  its  way  to  the  furnaces. 

Considerable  saving  was  effected  in  the  coke  used  in 
the  furnaces  by  tliis  step.  From  that  time  up  to  about 
1913  this  was  common  practice  in  this  country,  about 
40  per  cent  of  the  gas  being  used  for  the  hot  stoves  and 
60  per  cent  for  boiler-firing  ;  in  addition,  about  80  tons 
of  good  coal  per  week  were  used  for  the  boilers  on  one 
furnace. 

The  flues  were  always  in  a  very  clogged  state  and  the 
efficiency  of  the  boilers  was  very  low  owing  to  the  dust  in 
the  gas  coating  the  boiler  tubes  and  becoming  a  very 
good  heat  insulator,  and  to  the  moisture  in  the  gas 
having  to  be  raised  to  fire-box  temperature. 

It  will  be  seen  from  the  foregoing  that  all  the  gas  made 
was  easily  consumed  bv  the  furnace  auxiliaries  themselves. 

The  following  are  approximate  figures  for  one  furnace 
on  the  old  method  ; — 
Gas  made  per  hour   .  .  . .  .  .      i   million  cub.  ft. 

Gas  used  on  hot  stoves        ..  ..      0-4  million  cub.  ft. 

Gas  used  on  boilers  ..  ..      o-6 

Total  gas  used  per  furnace.  .  .  .      10  ,, 

Coal  used  per  furnace  per  hour  =  0-5  ton. 
The  furnace  blowing  averaged  about  600  h.p. 
So  that  600  h.p. -hours  took  0-5  ton  of  coal  -f  600,000 
cub.  ft.  of  gas  at  100  therms  per  cub.  ft 
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Now  therms  in  coal  at,  say.  13,000  per  lb.  =  14,560,000 
in  gas  at,  say,  100  per  cub.  ft.  =60,000,000 


Total  therms 


74,560,000 


This  number  of  therms  used  as  gas  in  our  present-day 
gas  engines  would  develop  about  6,500  liorse-power, 
which  shows  the  old  method  of  using  crude  gas  and  coal 
to  have  an  efficiency  of  about  10  per  cent  when  compared 
on  a  horse-power  basis  with  our  present-day  gas-driven 
plant. 

The  following  are  approximate  figures  for  one  furnace 

on  the  new  method  : — 

Gas  made  per  hour  .  . 

Gas  used  on  hot  stoves 

Gas  used  on  boilers  . . 

Gas  used  per  furnace  on  blowers 


I   million  cub.  ft. 
o'4  million  cub.  ft. 
Nil 
0-15 


Total  gas  used  per  furnace      ..0-55 
Coal  taken  per  furnace  per  hour  for  hoists  =0-2  ton. 
Furnace  blowing  =  Soo  h.p.  owing  to  increased  pro- 
duction due  to  higher  stove  temperature  on  clean  dry  gas. 
So  that  800  h.p.-hours  take  0-2  ton  of  coal  +  150,000 
cub.  ft.  of  gas  at  100  therms  per  cub.  ft. 

Now  therms  in  coal  at  13,000  therms  per  lb.  =   5,824,000 
in  gas  at  100  therms  per  cub.  ft.  =  15,000,000 


Total  therms 


20,824,000 


Therefore  each  furnace  produces  i  million  cubic  feet 
of  gas  per  hour  and  only  0-55  of  this  is  required  for  the 
furnace,  leaving  0-45  million  or  450,000  cubic  feet  of  gas 
available  per  furnace  for  other  purposes,  and  this  at 
150  cubic  feet  per  kilowatt-hour  is  equal  to  about  3,000 
units  of  electricity  per  furnace  per  hour. 

Now  with  50  furnaces  the  aggregate  would  equal 
150,000  units  saved  per  hour  and  1,030,510,000  per 
annum  ;  this  with  the  boiler  saving  represents  an 
economy  of  about  400,000  tons  of  coal  per  annum.  This 
shows  that  the  electrical  energy  which  can  be  saved 
annually  by  generating  from  blast-furnace  gas  is  almost 
equal  to  the  total  number  of  units  sold  during  1911-1912 
by  all  the  303  electricity  works  of  the  United  Kingdom, 
as  mentioned  in  Table  7. 

Table  7  (page  436)  shows  the  difference  in  coal  and 
gas  consumed,  and  the  work  done  under  crude  and  clean 
gas  conditions  respectively,  and  it  will  be  realized  that 
the  saving  is  enormous.  A  great  deal  depends  on  the 
selection  of  a  cleaning  plant  for  this  purpose,  and  while 
it  is  not  intended  to  compare  the  merits  or  demerits  of 
other  plants,  yet  a  great  deal  can  be  said  for  the  Halberg- 
Beth  type.  So  far  as  this  plant  is  concerned  it  is  a  dry 
gas-cleaning  plant,  but  water  was  used  in  direct  contact 
with  the  gas  in  the  pre-coolers,  and  this  has  now  been 
eliminated. 

Nevertheless,  this  plant  after  some  alterations  has 
given  excellent  results.  It  has  considerable  advantages, 
which  will  be  seen  later,  the  following  being  a  few  of 
them  : — 

The  bulk  of  the  potash  is  recovered  in  its  original  state. 

The  water  is  taken  out  of  the  gas  to  a  large  extent, 
this  being  greatly  in  favour  for  gas-engine  running,  and 
also  for  boiler  firing,  but  especially  for  engine  use. 


The  dust  contents  are  very  low,  the  average  being 
0002  gramme  per  cubic  metre. 

The  plant  can  be  worked  for  long  periods  up  to  30  per 
cent  overload  if  required. 

The  moisture  can  be  removed  or  allowed  to  remain 
at  will. 

The  total  water  contents  average  about  15  grammes 
per  cubic  metre.  This  is  very  low,  and  of  great  advantage 
in  gas-engine  running.  Many  alterations  have  been 
made  in  the  operation  of  the  plant  to  obtain  these  con- 
ditions, the  original  German  plant  being  designed  for 
boiler-firing  only  where  gas  of  a  higher  dust  and  moisture 
content  was  tolerated,  but  was  eventually  arranged  to 
clean  gas  of  sufficient  cleanliness  and  dryness  for  engine 
consumption. 

The  above  figures  can  hardly  be  surpassed  to-day  on 
any  plant  when  the  dust  and  moisture  are  taken  into 
consideration  jointly  and  the  power  consumption  per 
volume  of  gas  cleaned. 

The  plant  consists  of  three  filter  units  of  11  double 
compartments  each,  with  a  total  nominal  capacity  cf 
33  million  cubic  feet  of  gas  per  hour,  and  is  provided 
with  fans  of  a  nominal  total  capacity  of  4  million 
cubic  feet  of  gas  per  hour,  the  gas  quantities  being  taken 
at  o"  C.  and  30  inches  barometer. 

Other  cleaning  plants,  so  far  as  is  generally  known,  are 
not  in  a  position  to  guarantee  such  results  of  low  dust  and 
moisture  contents  which  is  common  to  engines,  boilers 
and  stoves,  so  that  in  case  of  a  temporary  shortage  of 
crude  gas  the  valves  to  stoves  and  boilers  can  be  closed 
and  the  engines  kept  running  continuously. 

Another  great  advantage  of  this  plant  is  the  fact  that, 
with  no  complete  water  passages  or  seals  for  the  gas  to 
pass  for  cleaning,  in  the  event  of  a  stoppage  occurring 
on  all  the  fan  motors  in  the  cleaning  plant  the  engines 
will  continue  on  load  as  usual,  and  will  draw  the  gas 
through  the  plant  just  as  clean  as  when  supplied  by  the 
fan.  This  has  been  done  for  a  period  of  an  hour  at  a 
stretch  and  is  a  great  advantage  in  the  event  of  a  shut- 
down. In  a  case  of  this  sort,  the  boilers  and  stoves  are 
kept  supplied  by  the  crude  gas  pressure  building  up,  and 
it  can  be  allowed  to  push  through  the  bags  about  one- 
third  of  the  gas  required  to  the  boilers  and  stoves,  and 
so  everything  is  kept  moving  with  some  gas,  the  principal 
portion  being  the  engines. 

The  fans  are  of  the  double-inlet  type,  and  are  capable 
of  delivering  a  pressure  of  air  equal  to  12  inches  (water 
gauge).  They  have  been  run  continuously  for  two  years 
and  have  not  required  cleaning  or  any  repairs.  This 
will  show  the  low  quantities  of  water  and  dust  after 
cleaning. 

The  guaranteed  power  consumption  is  as  follows,  and 
is  not  to  exceed  these  figures  by  more  than  10  per 
cent : — 

150  h.p.  when  dealing  with  2  •  75  million  cub.  ft.  of  gas 

per  hour  at  a  delivery  pressure  of  2  in.  (water  gauge). 
180  h.p.  when  dealing  with  2-75  million  cub.  ft.  of  gas 

per  hour  at  a  delivery  pressure  of  4  in.  (water  gauge). 
180  h.p.  when  dealing  with  3-0  million  cub.  ft.  of  gas 

per  hour  at  a  delivery  pressure  of  2  in.  (water  gauge). 
210  h.p.  when  dealing  with  3  'o  million  cub.  ft.  of  gas 

per  hour  at  a  delivery  pressure  of  4  in.  (water  gauge). 
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The  motors  are  direct-current,  shunt-wound,  interpole 
500-volts  i6o-b.h.p.  machines  and  run  at  900  r.p.m., 
and  are  of  variable  speed  up  to  1,170  r.p.m. 

The  actual  consumption  is  as  follows  : — 

95  h.p.  when  dealing  with  1-35  million  cub.  ft.  of  gas 
per  hour  at  a  delivery-  pressure  of  4  J  in. (water  gauge). 

These  figures  show  a  slight  reduction  on  the  guaranteed 
figures  equal  to  about  3  per  cent  in  favour  of  the  guaran- 
tee. This  becomes  a  considerable  item  in  the  year, 
since  with  two  fans  running,  and  taking  a  total  of 
1,4.(8,200  units  per  annum,  the  saving  equals  44,000 
units.  This  sax-ing  has  been  brought  about  absolutely 
by  dry  and  clean  gas  working,  in  order  to  keep  the  fan 
dealing  with  a  gas  as  high  in  density  and  as  low  in 
temperature  and  moisture  as  possible.  The  result  is 
that  after  two  years'  hard  working  the  fans  are  more 
efficient  than  the  maker's  guarantee  figures. 


Immediately  above  the  main  fans,  and  on  the  suction 
side,  a  main  is  taken  out  to  supply  the  counterblast  fan, 
wliich  delivers  a  quantity  of  cleaned  gas  continuously 
through  a  reheater  to  the  clean  side  of  the  bags  in  the 
compartments  only  that  are  open  for  cleaning  and 
shaking.  During  this  operation  the  shaking  gear  oper- 
ates a  double-way  valve,  thus  cutting  off  the  main  fan 
suction  from  that  particular  compartment  and  opening 
the  path  for  the  clean  counterblast  gas,  which  is  at  a 
pressure  of  a  few  inches  (water  gauge)  above  the  pressure 
at  the  pre-heater  bottom.  The  counterblast  flows 
tlirough  the  bags,  takes  the  dust  from  the  inside,  and 
passes  on  with  the  gas  to  be  cleaned. 

The  arrangement  is  shown  in  Fig.  i,  from  wliich  the 
simplicity  of  the  plant  will  be  realized. 

The  plants  work  continuously  and  have  a  very  low 
upkeep  and  operation  cost,  as  will  be  seen  from  the  tables 
given  in  the  Appendix. 


Mam  fas  =  Hed^'y  Ime         Couutetblast  =  Dotted  line 
Fig.  I. — Diagram  of  Halberg-Beth  gas-cleaning  plant. 


The  total  area  of  filtering  medium  is  16,632  sq.  ft.,  and 
■>  per  cent  of  this  is  automatically  shut  off  every  10 
minutes  for  shaking  and  cleaning.  The  dust  which  is 
recovered  from  the  cleaning  of  the  gas  is  about  50  tons 
per  week,  and  is  equal  in  potassium  chloride  to  about 
30  per  cent. 

The  general  operation  of  the  plant  is  as  follows  : — 
The  crude  gas  is  first  cooled  in  the  pre-coolers  and 
lowered  in  temperature  from  about  200°  to  80°  C,  a  large 
amount  of  dust  and  moisture  being  deposited.  It  is 
then  heated  up  about  10  or  15  degrees  C.  to  allow  of  the 
gas  passing  through  the  plant  with  its  moisture  contents 
superheated,  and  not  to  be  influenced  by  the  surround- 
ing atmosphere,  wliich  is  liable  to  deposit  moisture  and 
so  clog  up  the  filter  bags.  The  gas  then  passes  the  filter 
iags  where  it  is  cleaned  and  its  dust  removed,  afterwards 
passing  to  the  main  fans,  and  is  finally  delivered  by  them 
to  the  respective  places  for  consumption. 

Vol.  58. 


The  engines  for  generation  comprise  seven  sets  of 
i2-cylinder  tandem  vertical  1,500  h.p.,  direct-coupled 
to  i,ooo-kw,  three-phase  alternators  running  at  200  r.pm. 
and  are  run  in  parallel  with  a  public  electric  supply  at 
5,500  volts. 

In  order  to  get  good  firing,  the  sparking-plug  points 
are  adjusted  to  about  15/ioooths  of  an  inch,  and  are  of 
the  motor-car  large  type  supplied  from  a  low-tension 
magneto  and  induction  coil,  and  very  little  trouble  is 
experienced  by  dirt  or  moisture  owing  to  the  gas  being 
dry  and  clean  when  lea\dng  the  gas  plant.  The  throttles 
for  air  and  gas  are  arranged  on  a  common  spindle,  and 
the  air  tlirottles  require  more  cleaning  than  the  gas 
throttles,  wliich  shows  that  the  gas  is  cleaner  than  the 
atmosphere.  The  machines  run  very  steadily  and  syn- 
chronizing is  quite  as  easy  as  on  a  steam-driven  set. 

The  blowing  engines  of  four  sets  are  of  the  horizontal 
type  with  two  double-acting  gas  cylinders  and  one  double- 
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acting  blowing  cylinder.  They  run  at  8^  r.p.m.,  are  of 
1,650  h.p.  and  can  deliver  36,000  cubic  feet  of  free  air 
per  minute  up  to  a  pressure  of  li  lb.  per  squaie  inch,  or 
a  decreased  volume  up  to  15  lb.  per  square  inch.  These 
engines  supply  the  blast  for  the  furnaces,  and  have  been 
in  operation  for  i|  years  very  successfully.  The  ignition 
is  on  the  low-tension  drawn-out  plug,  operated  with  a 
solenoid  in  series,  so  that  directly  the  arc  breaks,  the 
plunger  is  spring-returned  ready  for  the  revolving  con- 
tact passing  its  brushes  again  on  the  lay  shaft. 

The  gas  is  quite  free  from  tar,  and  pistons  drawn  after 
six  months'  running  were  found  to  be  as  clean  as  when 
first  installed. 

A  great  deal  of  attention  has  been  given  to  the  opera- 
tion and  maintenance  of  the  cleaning  plant,  as  it  was  very 
early  decided  that  we  must  have  clean  gas.  This  being 
as  clean  as  town  gas  and  of  low  calorific  value  but  very 
constant,  makes  gas  engines  as  reliable  as  steam  engines. 

During  the  early  periods  of  operation  it  was  decided 
to  overhaul  the  engines  twice  per  annum,  but  after 
several  inspections  it  was  found  tliat  we  were  able  to  run 
for  twelve  months  before  overhauling.  The  usual  repairs 
common  to  all  engines  are  taken  in  hand  at  the  week-ends. 
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Fig.  2. — Typical  day  load. 

Several  tables  are  given  in  the  Appendix  to  show  the 
various  constituents  of  the  gas,  the  constant  value,  the 
gas  and  oil  used  in  various  parts  of  the  works,  the  number 
of  units  generated,  and  the  pressures  and  temperatures 
maintained  at  various  positions  in  the  cleaning  plant 
and  engine  rooms. 

The  exhaust  gases  have  been  tested  and  the  following 
is  the  average  of  the  general  tests  taken  : — 


Number  of 
Engines 
Working 

Temperature 

N     ^ 

CO, 

CO 

0 

4 

337 

per  cent 

78 

per  cent 
14    0 

per  cent 
0-26 

per  cent 

8-3 

Table  i  shows  the  constituents  of  the  gas,  the  therms 
per  cubic  foot,  the  dust  and  moisture  contained  in  the 
clean  gas,  and  the  quantity  and  contents  of  the  dust. 


Table  2  sets  out  the  results  in  the  engine  room  on  the 
generating  engines.  Table  3  shows  the  quantities  used 
at  the  blowing  engines.  Table  4  deals  with  the  gas 
cleaning  plant,  while  Table  5  deals  with  the  gas 
temperatures  and  pressures  in  the  gas  plant  and  the 
engine  room  respectively. 

Curves  of  the  various  loads  are  given  in  Figs.  2  and  3, 
and  show  the  usual  conditions  in  iron  and  steel  works. 
A  great  deal  depends  on  these  conditions  as  to  how  the 
electrical  world  can  make  great  use  of  the  intervals 
should  all  the  blast  furnaces  of  this  country  become 
interconnected  with  tlie  greater  scheme  of  power 
supply. 

In  the  daily  load  curve  (Fig  2),  it  will  be  seen  that  from 
5  p.m.  to  7.30  a.m.  about  3,000  kw.  of  plant  is  idle.  The 
whole  of  the  gas  is  wasted  during  this  period,  and  could 
be  very  usefully  employed  to  supply  power  to  a  network 


5  9  13^        17  21  Z5  29 

Days 

Fig.  3. — Monthly  curve  of  units  generated. 


through  converting  plant,  thus  allowing  several  medium- 
sized  towns  to  take  their  supply  from  such  a  source  and 
reduce  considerably  their  coal,  stores,  and  probably 
their  wages  costs  during  this  period. 

A  still  greater  loss  is  shown  on  the  Sunday  curve  from 
Saturday  noon  to  7.30  a.m.  on  Monday,  when  4,000 kw 
of  plant  is  idle  and  could  deal  with  the  week-end  load 
of  several  medium-sized  towns,  thus  allowing  the  boilers 
in  use  and  the  staff  to  be  considerably  reduced  and  effect- 
ing a  great  saving  of  fuel  and  wages.  It  would  also 
allow  of  a  good  many  repairs  being  done,  and  so  decrease 
the  stand-by  plant  in  many  cases. 

This  matter  should  be  considered  seriously,  as  already 
we  are  making  use  of  our  water  supplies  which  are  not 
so  constant  as  this  supply.  We  have  now  some  20  places 
in  this  country  where  blast  furnaces  are  working,  and 
these  are  to  be  increased  during  the  next  few  years. 
Many  of  these  places  cannot  consume  the  whole  of  their 
gas  produced,  and  with  the  adoption  of  cleaning  plants 
such  as  have  been  mentioned,  and  the  use  of  large  gas 
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engines,  the  time  has  arrived  when  still  more  and  more 
gas  will  be  available  from  two  sources,  viz. 

(i)  From  the  coke  ovens,  and 

(2)   From  the  coke  nsed  in  the  blast  furnace. 

The  quantity  of  gas  wasted,  although  small  compared 
with  the  requirements  of  our  power  stations,  is  never- 
theless a  large  item  when  taken  collectively  in  the  balance 
sheet. 

The  coke-oven  gas  mentioned  above  is  richer  in  value 
than  blast-furnace  gas  and  is  not  quite  such  an  easy  gas 


The  hot  stoves  are  kept  fully  supplied  with  clean  gas, 
and  consume  about  one  million  cubic  feet  of  gas  per 
hour. 

The  boilers  are  fully  supplied  with  clean  gas,  and  con- 
sume about  o  •  6  million  cubic  feet  of  clean  gas  per  hour. 

The  whole  of  the  furnace  blowing  is  effected  by  large 
gas-driven  engines. 

The  whole  of  the  power  for  the  blast  furnaces,  steel 
works'  rolling  mills,  and  the  shipyard,  which  totals  about 
5,000  kw.,  is  obtained  from  the  gas  that  was  originally 
consumed  for  the  furnace  auxiliaries  when  crude  gas  was 


Table  i. 


N 

CO, 

CO 

H 

Therms 
per  cub.  ft. 

Grammes  per  cub,  metre  in 
C!?an  Gas 

Chlorides  as 
KCL 

Dust                    Moisture 

in  ReC'^vered 
Dust 

Constituents  of  gas 

per  cent 

6o-8 

percent 
7-86 

per  cent 

28-1 

percent 
2-32 

98-5              0-0023                 15*0 

per  cent 

30-637 

Units  generated 
Gas  used 
Oil  used 
Grease  used 
Waste  used 


Gas  used 
Oil  used 
Grease  used 
Waste  used 


Gas  cleaned 
Bags  changed 
Oil  used 
Grease  used 
Waste  used 


Table  2. 
Generating  section — results  per  week. 

396,350 
59,452,500  cub.  ft. 

34  galls. 
30  lb. 
95  lb. 

Table  3. 
Bloiving  section — results  per  week. 

49,247,000  cub.  ft. 

95  galls.  ;  i.e.  0-284  S'^^^-  P^r  engine  hour 

35  lb. 
56  1b. 

Table  4. 
Gas  plant — results  per  week. 

468,216,000  cub.  ft.,  or  2,787,000  cub.  ft.  per  hour 

8 

8  galls. 
10  lb. 
12  lb. 

Table  5. 


Gas  Temperatures 

Atmosphere,           Crude  Gas,           After  Coolers, 
l6=>  C.                     250'  C.                     66^  C. 

After  Preheaters, 
820  C. 

stoves  and 
BoUers,  73=  C. 

Engines, 
23°  C. 

Counterblast, 
107^=  C. 

Pressures,  inches  (water) 

—                  +4-2 

—  0-2 

-3-9 

-F4-8 

+  5-7 

+  3-8 

to  use,  but  during  the  last  three  years  a  very  ingenious 
valve  has  been  adopted  for  mixing  some  of  the  exhaust- 
cooled  gas  from  the  engines  with  the  coke-oven  gas,  thus 
avoiding  the  trouble  of  pre-ignition. 

The  whole  of  this  subject  should  have  a  thorough 
investigation,  with  the  ultimate  view  of  connecting  all 
blast-furnace  supplies  to  the  greater  scheme  of  national 
power  supply. 

Summary. 

It  is  shown  that  with  the  waste  crude  gas  from  three 
furnaces  the  following  work  is  done  : — 


nsed.  In  addition  to  the  greater  output,  we  recover 
the  large  amount  of  potash  previously  mentioned  and 
shown  in  the  tables,  and  a  large  quantity  of  gas  is  still 
being  w'asted  and  could  be  used  for  electricity  generation 
as  shown  in  the  balance  sheet. 

Sufficient  has  been  said,  I  think,  to  prove  the  great 
use  that  can  be  made  of  blast-furnace  gas  in  the  greater 
scheme  of  power  production.  The  base  has  now  been 
formed,  and  it  is  to  be  hoped  that  the  highest  efificiencv 
will  be  obtained  by  all  who  are  connected  with  this 
valuable  heat-raising  source. 
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APPENDIX. 
Table  6.    Comparison  of  Old  and  New  Methods. 


Old  Method 

New  Method 

Gas  made  per  furnace  per  hour 

1,000,000  c.  ft. 

1,000,000  C.  ft. 

Furnace  rate  of  working 

Normal 

10  %  increase 

Coke  per  ton  of  pig  iron  made 

23  cwt. 

21  cwt. 

Units  of  electricity  generated  per  furnace  per  anm 

un 

Nil 

6,870,000 

Potash  saved  per  annum 

Nil 

£6,000 

Fhie-cleaning  costs  per  annum 

J^I.OOO 

Nil 

Coal  used  per  furnace  per  hour 

0-5  ton 

0  •  2  ton 

Horse-power  used  per  furnace  per  hour 

600 

800 

Therms  used  per  fur,, ace  per  hour  .  . 

74,560,000 

20,824,000 

Gas  used  per  furnac^  per  hour 

1,000,000  c.  ft. 

550,000  c.  ft. 

Table  7. 

Showing  the  changes  effected  by  cleaning  and  using  blast-furnace  gas  efficiently.     The  comparisons  are  taken 
over  a  working  year. 

Losses  Incurred  on  Old  Method. 


Saving  by  New  Method  compared  with  Old. 


Coal  used  on  boilers 

i 
19,350 

Capital  expenditure 

£ 
200,000 

Extra  coke  used  on  furnace 

13,650 

Annual  repayment 

30,000 

Cost  of  electrical  energy  bought 
Flue  cleaning 

88,540 
1,000 

Coal  saved  per  annum    .  . 

18,000 

Potash  lost 

6,000 

Coke  saved  per  annum  .  . 
Potash  recovery  .  . 

13,650 
6  000 

Total 

;^I28,540 

Saved  on  units  generated 
Value  of  extra  units  generated 

70,834 
28,340 

Summation  Bala 

ice 

Dr. 

L 

Cr. 

i 

Saved  on  flue  cleaning   .  . 

Total 

1,000 

■    ;{I37.824 

Capital  repayment  and  in'ere 

St 

.      30,000 

Coal  saved 

i9.3.'So 

Coke  saved 

13.650 

Saved  on  electrical  energy 

88,540 

Saved  on  flue  cleaning 

1,000 

Value  of  potash  recovery 

6,000 

Value  of  extra  units  generate 

1 

35,425 

Total  wages  paid  per  annum 

16,800 

Wages  on  old  boilers     .  . 

3.900 

Units  generated  per  annum     .  . 

20,610,200 

Total  oi!  costs    . . 

2,912 

Saving,  gross 

/i63,965 

Total  stores 

1,000 

Less  capital  and  wages 
Net  saving 

£5AM2 

;f54.6l2 

;£l  63,965 

--{109.353 

Table  8. 
Comparison  of  303  electricity  works  and  the  estimated  waste  gases  of  Great  Britain's  50  blast-furnace  plants  : — 


303  Electricity  Works 

1911-12 

50  Blast  Furnaces 

Capital  expenditure  of  total  new  plant  . 

;£63,788,732 

£10,000,000 

Total  revenue  from  all  sources     .  . 

£^8,675,900 

A195.750 

Working  expenses  .  . 

£4,086,704 

£2,730,600 

Gross  profit .  . 

;£  ■1,589,196 



Net  profit     .  .          . .          

;£2, 880,939 

£5,465,150 

No.  of  units  sold     .  . 

i,i27,49<3,742 

1,030,510,000 

Working  costs  per  imit 

o-S7d. 

o-3d. 

Plant  capacity  in  kw. 

961,520 

565,000 

Capital  per  kw.  of  plant  capacity 

■ 

£ro 

l^TJ 
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Discussion  on  the  Papers  by  Mr.  P.\tchell  .\nd  Mr.  Fowles  before 
The  Institution,  ii  M.\rch,  1920. 


Mr.  C.  P.  Taylor  :  I  propose  to  confine  my  remarks 
to  Mr.  Patchell's  paper.  1  have  had  an  opportunity 
of  seeing  the  plant  which  he  has  described,  and  I  think 
it  is  in  every  way  admirable.  From  considerable 
personal  experience  I  think  the  author  could  not  have 
done  better  as  regards  the  engines,  but  I  believe  they 
are  capable  of  working  at  even  a  slightly  higher 
efficiency  than  he  has  stated.  Regarding  the  producer 
plant,  stress  is  rightly  laid  on  the  importance  of  the 
steam  supply,  which  is  really  a  crucial  factor.  I  do 
not  understand  one  or  two  statements  made  in  the 
paper  in  that  connection.  On  page  423  the  author 
states  that  :  "  By  using  these  boilers  and  burning 
tar  75  per  cent  of  the  25  per  cent  of  the  coal  required 
for  the  gas  plant  is  provided,  and  the  actual  coal  required 
for  gas-plant  steam  is  reduced  to  6-25  per  cent  of  the 
coal  gasified."  On  the  top  of  page  424,  however,  he 
says  :  "As  will  be  seen  from  the  table  more  steam 
is  raised  by  the  exhaust  boilers  than  is  required  to 
make  gas  for  the  engines."  I  do  not  understand  that. 
On  turning  to  Table  2  one  sees  in  the  third  column  that 
it  says  :  "  Coal,  if  25  per  cent  is  required  to  provide 
steam,  =347-5  tons  "  ;  and  later  on  it  states  that  the 
amount  of  coal  saved  by  the  exhaust  boiler  is  379  tons, 
a  little  more.  It  appears  to  me  that  the  position  is 
this  :  one  can  get  from  the  exhaust-heat  boiler  rather 
more  steam  than  is  required  to  make  the  gas  for  the 
power  alone.  That  means  to  say  that  one  is  using  only 
the  I  •  7  lb.  of  coal  per  kilowatt-hour  in  the  producers, 
and  that  steam  is  not  required  from  any  extraneous 
source.  In  reducing  the  net  consumption,  as  the 
author  does,  from  1-7  to  i  •  5 1  lb.,  that  reduction  is 
made,  apparently,  by  an  excess  of  30  tons  expressed  as 
coal,  which  is  really  in  the  form  of  steam  from  the 
exhaust-heat  boiler,  and  also  by  an  equivalent  of  114 
tons  obtained  from  the  tar.  I  think  the  author  is 
perfectly  justified,  considering  the  conditions  under 
which  he  runs  his  plant,  in  stating  that  the  coal  for 
power  purposes  is  only  1-51  lb.  per  unit  ;  but  in  these 
cases  where  heat  and  power  are  being  supplied  at  the 
same  place,  the  author  quite  rightly  mentions  that 
every  case  must  be  considered  on  its  merits  ;  one  cannot 
have  a  general  case.  For  those  of  us  who  are  more 
concerned  with  supplying  power  only,  we  must  not 
take  that  1-51  lb.,  because  if  power  only  were  being 
supplied  we  could  not  do  it.  The  excess  steam  produced 
by  the  exhaust  boilers  cannot,  I  think,  be  considered  to 
be  more  than  a  working  margin,  and  as  regards  the  tar 
one  can  get  rid  of  it  in  other  ways.  Looking  at  it, 
therefore,  purely  from  the  power  point  of  view,  the  coal 
consumption  should  be  put  as  1-7  lb.  per  kUowatt- 
hour  and  there  should  be  a  credit  for  the  sale  of  tar. 
This  brings  one  to  the  cost  table  given  at  the  bottom  of 
page  426.  I  think  it  would  be  very  valuable  if  the  author 
would  divide  that  table  up  a  little  more.  He  appears 
to  have  given  credit  for  the  sulphate  on  the  value  of 
the  coal.  That,  of  course,  is  perfectly  justifiable, 
but  it  would  be  clearer,  and  I  think  more  valuable  from 
some  points  of  view,  if  the  author  would  give  the  gross 


cost  of  the  coal  and  show  the  saving  made  by  the 
sulphate.  I  think  that  is  important  from  this  point 
of  view,  that  one  of  the  many  questions  one  has  to 
consider  in  a  matter  of  this  sort  is  whether  it  pays 
to  recover  the  sulphate  or  not.  I  therefore  think  it 
would  be  desirable  to  have  a  separate  item  showing 
what  is  made  out  of  the  sulphate.  If  one  takes  the 
figure  that  I  assume,  1-7  lb.  of  coal,  which  is  the  total 
amount  put  in  the  producer  at  the  average  price  of 
28s  lid.,  the  fuel,  instead  of  being  o-i66d.,  is  o-268d. 
The  difference  is  very  marked,  but  one  gets  it  back  in 
some  other  way.  If  those  figures  could  be  given  it 
would  add  to  the  value  of  the  paper  very  considerably. 
I  agree  with  the  author  that  the  lubrication  is  too  high, 
but  if  he  has  now  halved  it  I  think  he  has  done  very 
well.  The  renewals  and  repairs  are,  I  think,  rather 
high  considering  that  the  plant  is  new.  When  the  time 
comes  for  the  gas-engine  c)dinders  to  be  bored  and  new 
pistons  fitted,  and  when  some  of  the  gas  plant  begins 
to  wear  out,  the  figure  may  become  rather  high  com- 
pared with  those  which  I  have  available.  I  should 
like  now  to  refer  to  the  efficiency  of  the  producer  plant. 
This  is  rather  difficult  to  ascertain,  but  I  have  made  an 
efiort  to  do  so.  I  have  taken,  at  75  per  cent  load  factor, 
the  gas  consumption  of  the  engine  in  therms  at  14,750 
per  kilowatt-hour.  I  think  that  appears  to  be  a  fair 
figure.  I  have  taken  3  •  6  per  cent  for  the  amount  used 
for  power  in  the  plant,  which  gives  15,280  therms  per 
unit  produced  for  sale.  If  that  be  divided  by  the  heat 
value  of  I  •  7  lb.  of  coal,  one  gets  a  producer  efficiency 
of  79 "3  per  cent.  I  think  that  is  a  justifiable  way  of 
arriving  at  it,  although  it  is  not  a  very  direct  method. 
The  result  is  very  good — I  think  it  is  too  good.  In 
that  connection  I  should  like  to  refer  to  two  papers 
by  Bone  and  WTieeler  which  were  read  some  years  ago 
before  the  Iron  and  Steel  Institute.  Tests  were  there 
made  at  various  saturation  temperatures  between 
60°  C.  and  80°  C.  Sulphate  was  not  being  produced. 
The  net  efficiency  given  is  not  simply  the  efficiency  as 
between  the  total  heat  of  the  coal  and  the  total  heat  of 
the  gas,  but  the  authors  give  information  from  which 
that  figure  can  be  got.  I  have  worked  it  out,  and  I 
find  that  the  thermal  efficiency  of  the  producers  was 
80  per  cent  with  60°  C.  saturation,  and  it  fell  to  76  per 
cent  when  the  temperature  rose  to  80°  C.  As  the  satura- 
tion was  increased  the  CO,  in  the  gas,  which  is  a  very 
vital  factor,  went  up  from  5-25  to  1325  per  cent  corre- 
sponding to  the  gradual  drop  in  efriciency .  At  Chelmsford 
the  CO2  is  given  as  15-8  per  cent,  which  is  higher  than 
any  of  Professor  Bone's  figures,  and  yet  the  efficiency 
is  practically  as  good  as  the  best  efficiency  which 
Professor  Bone  got  at  his  lowest  saturation.  That  does 
not  seem  to  me  to  be  quite  right  ;  perhaps  it  is  because 
I  have  not  made  the  calculation  correctly.  If  the 
author,  with  his  fuller  knowledge  of  the  details,  would 
make  a  calculation  of  that  nature  it  would  be  useful, 
because  we  should  be  able  to  compare  the  efficiency  of 
the  producer  plant  as  a  whole  with  other  figures  which 
have  been  published  from  time  to  time. 
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Dr.  T.  B.  Morley  :    I  want  to  deal  solely  with  Mr. 
Fowles's  paper,  which  ought,  I  think,  to  attract  the  very 
widest  attention.     The  fact  that  we  are  wasting  at  the 
present  time,   in  spite  of  the  developments  that  have 
taken  place  in  blast-furnace  practice,  gas  which  would, 
upon  the  original  reckoning  of  Mr.  Fowles,  amount  to 
a  saving  of  400,000  tons  of  coal  per  annum,  and  on  his 
corrected  figures  to  3,000,000  tons  of  coal  per  annum, 
is  vital.     The  first  point  to  be  considered  is  how  that 
energy  is  to  be  used.     Mr.   Fowles  has  advocated  its 
use  in  large  gas  engines,  and  I  think  he  is  right.     He 
could  have  made  out  even  a  better  case  than  he  has  done. 
The  statement  at  the  top  of  the  first  column  on  page  432, 
that  the  old  method  of  using  crude  gas  and  coal  had  an 
efficiency  of  about   10  per  cent  compared  on  a  horse- 
power   basis    with    our    present-day    gas-driven    plant, 
is  not  quite  clear.     I  think  he  means,  not  10  per  cent 
thermal  efficiency,  but  an  efficiency  which  is  only  10  per 
cent   of   that   attainable   with   present-day   plant.     On 
looking  into  his  figures  one  will  find,  so  far  as  the  effi- 
ciency of  the  plants  is  concerned,  that  he  has  got  74,560 
therms  required  by  the  blowing  plant,  which  is  taking 
600  h.p.     If  one  works  that  out  it  corresponds  to  a 
thermal  efficiency  of  about  2  J  per  cent,  which  is  10  per 
cent  of  the  25  per  cent  obtained  by  the  gas  engine.     In 
the  figures  a  little  lower  down  he  gives  the  gas  used 
per  furnace  on  blowers  as  o- 15  million  cubic  feet.     That 
is   not   quite   in   accordance   with   the   figures  which   I 
think  can  be  readily  obtained,  and  which  in  fact  are 
given  later  on  in  the  paper.     Taking  10,000  therms  per 
b. h.p. -hour,  which  is  offered  nowadays  by  any  maker 
of  large  gas  engines,  the  figure  of  150,000  cubic  feet  will 
be  reduced  to  about  80,000  ;    and  if  one  compares  those 
figures  with  the  figures  on  page  435  one  will  see  that  the 
author   quotes   the   gas   consumption    for   the   blowers 
using  800  h.p.  as  49  million  cubic  feet  per  week.     That 
corresponds  to  about   100,000  cubic  feet  per  hour  per 
furnace,  instead  of  the  150,000  mentioned  on  page  433. 
I   should  like  to  draw  attention   to  two  very  striking 
reports   which   were   presented   to   the   Iron   and   Steel 
Institute  last  September.     One  was  by  the  Fuel  Economy 
Committee  of  the  British  Association,  the  report  being 
presented  by  Professor  Bone,  Sir  Robert  Hadfield  and 
Mr.   Alfred   Hutchinson.     In  that  report  very  striking 
testimony  is  given  to  the  advantages  to  be  gained  by  the 
adoption    of   gas    engines    in    ironworks.       The    second 
report,  which  was  even  more  striking  in  that  respect, 
was  presented  at  the  same  meeting  by  Mr,  Cosmo  Johns 
and  Mr.   Lawrence  Ennis,   two  members  of  the  Com- 
mission which  investigated  the  iron  and  steel  industry 
in  the  occupied  territories  on  the  left  bank  of  the  Rhine, 
and  they  showed  that  very  striking  use  had  been  made 
there  of  large  gas   engines  in   conjunction   with   steel- 
works, both  for  using  blast-furnace  gas  and  coke-oven 
gas.     They  pointed  out  that,  even  in  comparison  with 
the  burning  of  gas  under  boilers  and  using  the  resulting 
steam  in  steam  turbines,  the  gas  engine  had  a  distinct 
advantage.     When    one    talks    about    gas   engines    one 
meets  with  criticism,  and  one  of  the  frequent  criticisms 
is  the  lack  of  reliability.     Mr.  Fowles's  paper  is,  I  think, 
a  sufficient  answer  to  that.     He  deals  in  the  paper  with 
two  types  of  gas  engine — the  horizontal  slow  and  the 
vertical  high  speed  ;    and  both  of  them,  he  says,  gave 


no  trouble  on  the  score  of  reliability.     I  would  say  to 
those   who   may   be  inclined   to   raise   objections,    that 
blast-furnace  gas  is  free  from  the  source  of  most  of  the 
troubles  which  have  previously  annoyed  gas  engineers, 
namely  tar.     There  is  no  tar  in  blast-furnace  gas,  and, 
coupled    with    the    cleaning   system    described    by   Mr. 
Fowles,  anyone  can  be  assured,  either  by  the  maker  or 
by   the   user,    that    there   is    no   trouble   to   be    antici- 
pated    on    the    score     of    unreliability.     Coming    now 
to  somewhat  debatable  ground,   the  question   may  be 
asked  :    what  is  the  proper  type  of  gas  engine  to  use  ? 
The  two  types  which  come  into  question  are  the  low- 
speed  horizontal,  and  the  multi-cylinder,  comparatively 
high-speed,  vertical.     It  is  undeniable  that,  in  respect  of 
capital  outlay  and  space  occupied,  the  advantage  lies 
with  the  vertical  engine,  but  in  the  opinion  of  a  good 
many  competent  judges  the  advantage  ends  there,  and 
is  offset,  in  fact,  by  the  increased  simplicity  and  freedom 
from    liability    to    breakdown    of    the    large   horizontal 
engine.     I   heard   the  opinion   expressed   a  little  while 
ago  by  an  engineer  who  had  charge  of  stations  com- 
prising both   types  of  engines,    that   he   would   sooner 
keep  ten  of  the  large  horizontal  engines  in  order  than 
one  vertical  engine,  on  account  of  the  large  number  of 
bearings  to  be  kept  in  alignment  in  the  vertical  type. 
The  large  horizontal  engine  has  very  heavy  parts,  but 
that  is  offset  by  their  simplicity  and  accessibility.     In 
this  connection  it  is  rather  interesting  to  consider  the 
relationship   between   the   life   of   the   engine   and   the 
rotational  speed.     We  have,   at  one  end  of  the  scale 
of  internal  combustion  engines,  the  aero  engine  running 
at  a  speed  of  1,600  to  2,000  r.p.m.  and  having  a  working 
life  measured  in  hours  ;    and  at  the  other  end,  the  large 
horizontal  gas  engine  at,  say,  80  r.p.m.  with  a  working  life 
which  we  have  not  )'et  been  able  to  determine,  because 
we  have  not  come  to  the  end  of  its  life  yet — the  engines 
have  been  used  for  only  a  limited  period  of  years  and 
are  still  running.     On  page  435  Mr.  Fowles  has  given 
some  very  interesting  figures  with  regard  to  operating 
costs,  but  it  would  increase  the  value  of  the  paper  if 
he  could  add  some  figures  with  regard  to  the  maintenance 
costs.      I  do  not  think  the  large  gas  engine  need  .shrink 
from  any  comparative  investigation.      In  that  connec- 
tion   also    I    think   it   is   somewhat    significant    that   in 
Germany  which,  up  till  the  outbreak  of  the  war,  was  pre- 
eminently the  home  of  the  large  gas  engine,  the  sole 
type  referred  to  by  the    above-mentioned  Commission 
was  the  large  horizontal  engine      Objections  are  some- 
times raised  to  the  large  horizontal  engine  because  it 
has    water-cooled    pistons.     In    the    Galloway    blowing 
engine  to  which  Mr.  Fowles  has  referred  there  is  only 
one  water  connection  to  a  moving  part,-  namely  to  the 
crosshead   between   the  front  and   rear  pistons,   and   I 
think  Mr.  Fowles  will  bear  me  out  in  saying  that  in  his 
experience  of  this  engine  the  water  supply  to  the  pistons 
has    given    no    cause    whatever    for    anxiety.     Messrs. 
Galloways  do  not  cool  the  exhaust  valves  by  connection 
to  the  moving  valve  ;    their  experience  is  that,  even  up 
to  the  largest  size,  cooling  of  the  valve  itself  can  be 
safely  dispensed  with.     They  have  very  special  means 
of  cooling  the  valve  seat  and  the  exhaust-valve  box. 
The  size  of  the  cylinder  of  the  blowing  engine  shown  on 
the  screen  was  45  inches  diameter,  and  Messrs.  Gallo- 
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ways  are  quite  prepared  to  build  cylinders  up  to  55 
inches  diameter  on  the  same  system.  In  regard  to  the 
difficulty  of  starting,  the  author  will  bear  me  out  in 
sajnng  that  even  the  largest  engines  in  the  station  referred 
to  give  him  no  trouble  at  all  on  that  score.  Mr.  Patchell 
has  already  dealt  with  the  question  of  gas  in  the  atmo- 
sphere and  the  consequent  corrosion  film  upon  electrical 
contacts.  That,  again,  in  a  properly  kept  station  is 
not  a  factor  which  need  be  feared  in  the  slightest  degree. 
There  is  one  other  point  I  should  like  to  mention  with 
regard  to  the  large  gas  engine  for  blowing,  namely, 
so  far  as  I  know,  the  makers  of  all  vertical  engines  rely 
upon  mechanically-operated  valves  which  hft  at  a 
fixed  point  in  the  stroke.  In  working  with  a  blast 
furnace  there  are  many  occasions  when  one  wants  the 
air  at  less  than  the  normal  pressure.  If  one  has  an 
engine  the  valve  of  which  lifts  at  a  fixed  point,  one  must 
stiU  compress  at  the  normal  pressure  and  then  waste 
some  of  the  work  done.  The  large  engine  in  which  I 
am  interested  has  automatic  valves  and  that  draw- 
back is  entirely  overcome. 

Mr.  W.  B.  Woodhouse  :  Mr.  Patchell  tells  us  that 
his  problem  was  to  supply  not  merely  power  but  heat. 
Roughly,  he  was  supplying  half  the  gas  for  heating 
purposes  and  half  for  power  purposes,  and  I  do  not 
gather  from  his  paper  that,  if  the  problem  had  been 
merely  to  supply  power,  he  would  have  put  in  a  pro- 
ducer plant  or  gas  engines.  One  has  to  consider  that 
the  producer  plant,  whatever  case  there  may  have  been 
for  it  in  the  days  of  coal  at  5s.  a  ton,  is  a  very  different 
problem  to-day.  One  has  commercially  a  thermal 
efficiency  of  70  per  cent ;  in  other  words  30  per  cent 
of  the  heat  is  thrown  away.  There  are,  in  addition,  the 
capital  charges  of  the  plant,  the  maintenance  and 
the  labour — and  the  labour  is  fairly  considerable  and 
verj'  hard  work,  particularly  when  one  has  the  wrong 
sort  of  coal  that  Mr.  Patchell  has  mentioned.  All 
those  charges  have  to  be  made  up  by  the  sale  of  the 
only  by-product,  sulphate  of  ammonia.  Taking  Mr. 
Patchell's  figures  of  the  net  value  of  the  sulphate,  after 
pa^-ing  for  acid  and  preparation,  as  being  something 
like  los.  per  ton  of  coal  put  into  the  producer  on  the 
profit  side,  on  the  other  side  there  is  30  per  cent  of  the 
cost  of  the  coal,  which  at  30s.  a  ton  is  gs.,  so  that  out  of 
the  remaining  is.  one  has  to  pay  for  all  those  other 
charges  ;  that  is  to  say,  in  my  view  at  all  events,  to-day 
practically  no  case  has  been  made  out  for  the  by-product 
producer  raising  gas  for  power  purposes  alone.  Mr. 
Patchell's  problem,  however,  was  different.  A  point 
that  one  may  consider  is  whether  there  are  processes 
of  coal  distillation  which  are  justifiable.  That  is  a 
very  big  subject,  on  which  a  great  many  people  are 
working,  and  one  which  seems  hopeful  of  solution  ; 
but  the  plain  producer,  as  I  have  said,  is  worse  off 
to-day  than  it  was  when  coal  was  cheap.  Mr.  Patchell 
has  made  one  other  interesting  point  very  clear  in  his 
paper,  namely  the  high  initial  consumption  of  a  gas 
engine.  In  other  words,  if  one  is  going  to  use  a  gas 
engine,  one  should,  to  use  it  efficiently,  run  it  on  a  load 
of  high  load  factor.  I  think  it  can  be  said  of  both  steam 
turbines  and  gas  engines  that  the  total  consumption 
follows  the  Willans  law  fairly  closely ;  there  is  an  initial 
consumption  and  an  additional  consumption  proportional 
to  the  output.     In  a  large  steam-turbine  station  the  initial 


consumption  is  something  between  15  and  20  per  cent. 
In  the  gas  engine  that  Mr.  Patchell  describes,  he  shows 
that  the  initial  gas  consumption  or  heat  consumption 
is  65  per  cent.  It  obviously  would  not  pay  to  run 
that  on  a  10  per  cent  load  factor.  To  use  this  class  of 
gas  in  gas  burners  is  not  very  efficient,  but  it  is  quite 
possible  to  do  so — and  much  more  efficiently  than  has 
been  done  in  the  past. 

I  confess  I  am  disappointed  with  Mr.  Fowles's  paper ; 
the  author  should  make  it  clear  which  are  estimates 
and  which  are  actual  figures  of  production.  The 
comparison  on  page  436  of  electricity  works  and  blast- 
furnace plants  is  fallacious.  Apart  from  the  error 
as  to  capital  expenditure,  he  is  dealing  with  the  number 
of  units  sold  and  neglects  distribution  losses.  The 
general  impression  that  the  paper  gives  me  is  that  the 
author  is  unaware  of  what  has  been  done  in  recent 
years  by  ironmasters  in  utUizing  blast-furnace  gas. 
The  position  is  not  at  all  as  bad  as  he  would  lead  us  to 
beUeve.  In  practically  all  the  large  works,  ironmasters, 
realizing  the  value  of  their  gas,  have  concluded  that  the 
proper  and  economical  thing  to  do  is  to  concentrate 
a  steel  plant  around  the  blast  furnace  and  utilize  as 
much  of  the  heat  as  possible  in  that  direction,  and  then 
if  they  have  an\'  surplus — and  the}-  should  not  have  any 
surplus — sell  it  to  any  public  supply  system  as  electrical 
energ}\  There  was  published  in  the  Journal  some 
years  ago  a  valuable  summary  of  the  position  and  an 
analysis  of  the  figures" by  Mr.  Marshall.  The  previous 
speaker  has  referred  to  other  publications.  The  British 
Association  Fuel  Economy  Committee  went  into  the 
matter  to  some  extent.  The  Coal  Conservation  Sub- 
committee presented  a  report  on  the  subject,  and  I  am 
quite  sure  that  the  ironmasters  of  this  country  are 
really  making  good  use  of  their  gas.  It  is  not  possible 
in  every  case  to  use  all  the  gas  all  the  time,  because  the 
question  of  storage  comes  in,  and  it  is  not  commercial 
to  store  large  quantities  of  blast-furnace  gas.  Also 
there  is  the  question  of  load  factor  and  the  disposal  of 
electrical  energy.  Where  a  public  supply  of  electricity  is 
a:vaUable,  co-operation  as  to  the  disposal  of  surplus  and 
provision  of  a  stand-by  is  widely  adopted.  As  to 
potash  recover}^,  that  is  not  necessarily  confined  to  a 
plant  using  gas  engines.  Again,  I  think  ironmasters 
are  quite  well  aware  that  if  they  are  going  to  run  gas 
engines  they  must  clean  the  gas,  and  that  can  be  done 
in  other  ways  than  by  the  particular  plant  described. 
There  is  a  statement  on  the  first  page  with  which  I 
should  like  to  disagree,  as  to  the  use  of  gas  for  boiler- 
firing  being  a  very  bad  policy.  The  author  says  :  "  In 
comparison  with  large  gas  engines  only  about  30  per 
cent  of  the  engine  efficiency  is  maintained  on  the  boilers 
of  modern  design  on  clean  gas."  Of  course  one  realh- 
wants  figures.  Some  years  ago  I  put  up  a  small  power 
station  designed  to  use  gas  as  boiler  fuel,  and  to  produce 
electrical  energy  by  means  of  a  steam  turbine.  It  was 
a  small  turbine,  and  its  efficiency  ratio  was  low,  only 
50  per  cent..  The  overall  thermal  efficiency  of  that 
station  was  most  carefully  tested  under  commercial 
working,  and  it  was  14  per  cent.  Had  the  same  plant 
been  on  a  larger  scale  it  would  have  been  quite  possible 
to  get  a  turbine  with  an  efficiency  ratio  of  70  per  cent  ; 
in  other  words,  my  14  per  cent  would  have  been  increased 
to  something  Uke  20  per  cent. 
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Discussion  (continued)  on  the  Papers  by  Mr.  Patchell  and  Mr.  Fowles 
BEFORE  The  Institution,  i8  March,  1920. 


Captain  A.  P.  Pyne  :  I  propose  to  confine  my 
remarks  more  particularly  to  the  paper  by  Mr.  Fowles. 
I  may  point  out,  however,  that  the  thermal  efficiency 
quoted  by  Mr.  Patchell  can  be  considerably  higher 
in  large  gas  power  stations,  and,  if  I  understand  him 
rightly,  he  has  compared  results  obtained  from  a  small 
gas  power  station  with  those  from  a  large  turbo- 
generator station.  This  is  somewhat  unfair  to  the 
gas  proposition,  and  I  know  of  one  or  two  producer- 
gas  power  stations  where  considerably  better  results 
are  obtained  than  those  indicated  in  Mr.  Patchell's 
figures  or  in  the  remarks  of  Mr.  Woodhouse.  Mention 
has  been  made  by  both  these  members  of  the  poor 
efficiency  of  the  gas  engine  at  light  loads.  This  is 
no  doubt  the  case,  but  more  particularly  with  the 
four-cycle  engine.  Gas  blowing  engines  for  some  blast 
furnaces,  not  all,  have  frequently  to  run  for  consider- 
able periods  at  from  half  to  three-quarter  load,  and 
for  this  purpose  the  two-cycle  engine  possesses  advan- 
tages over  the  four-cycle,  inasmuch  as  it  is  easier  to 
control  and  more  efficient  than  the  former  under  these 
conditions.  I  do  not  know  of  any  two-cycle  engine 
made  in  this  country  that  can  approach  in  reliability 
the  Ehrhardt  &  Sehmer  four-cycle  engine,  but  there 
is  at  least  one  two-cycle  type  of  Continental  manu- 
facture which  has  been  brouglit  to  such  a  pitch  of 
reliability  that  no  one  need  hestitate  to  adopt  it  up 
to  say  1,650  h.p.  in  one  cylinder.  There  is  a  further 
point  in  connection  with  the  engines  selected.  I 
notice  that  they  run  at  195  r.p.m.,  which  Mr.  Patchell 
regards  as  a  low  speed,  and  which  he  states  he  prefers 
to  the  high-speed  vertical  engine.  I  think  I  am  right 
in  saying  that  the  standard  speed  of  the  vertical 
Westinghouse  engines  and  the  vertical  National  engines 
is  200  r.p.m. — not  very  different — although  the  smaller 
National  engines  are  sometimes  run  somewhat  higher 
than  this.  My  preference  is  certainly  for  the  vertical 
engine  for  small  installations,  and  from  the  data  which 
I  have  had  before  me  during  the  past  five  years,  I 
think  there  is  a  considerable  future  for  the  gas-engine 
power  station,  from  whatever  source  the  gas  is  obtain- 
able. Anyone  interested  in  this  subject  should  read 
Mr.  Percy  Allen's  instructive  article  in  the  "  Oil  Power  " 
number  of  Cassier's  Magazine,  which,  although  pub- 
lished in  March  1913,  is  by  no  means  out  of  date. 
Among  other  information,  a  complete  schedule  of 
capital  expenditure  and  running  costs  is  given  for 
two  large  power  stations  of  approximately  equal  size, 
running  in  parallel  under  similar  conditions  in  the 
Saarbrueken  neighbourhood,  one  generating  with  gas 
engines  on  coke-oven  gas,  and  the  other  with  coal- 
fired  boilers  and  steam  turbines.  The  capital  outlay 
involved  is  less  for  the  gas  power  station  in  this  case, 
but  no  gas-cleaning  plant  has  apparently  been  included. 
The  cost  per  unit  generated  in  the  gas  power  station 
is  considerably  lower  than  that  for  the  steam-turbine 
station,  but  that  is  with  gas  at  2d.  per  1,000  cubic 
feet  against  coal  at  11s.  6d.  per  ton.  The  heat  utiliza- 
tion  of  the   gas-engine  plant   was   22-5   per   cent,    as 


against  only  12-0  per  cent  for  the  steam  system.  In 
the  same  article  it  is  shown  that  a  given  quantity  of 
gas  producing  2,000  kilowatt-hours  in  a  boiler  and 
steam-turbine  plant  will  produce  about  2,500  kilowatt- 
hours  in  a  gas-engine  plant  under  average  conditions. 
In  making  up  one's  mind  as  to  the  type  of  power 
station  to  adopt,  one  has  to  decide  whether  the  addi- 
tional capital  expenditure  usually  associated  with  gas- 
engine  plant  will  compensate  for  the  lower  output 
obtainable  from  the  steam  plant,  and  in  this  one  must  be 
guided  by  the  nature  of  the  load,  the  size  of  the  power 
station,  and  the  local  conditions.  We  cannot  apply 
one  set  of  figures  arbitrarily  to  all  the  different  con- 
ditions that  may  arise.  Mr.  Patchell  emphasizes  the 
freedom  from  gas  and  the  freshness  of  the  atmosphere 
in  the  power  station  he  describes.  There  is  no  reason 
whatsoever  why  the  atmosphere  in  a  properly  con- 
structed gas  power  station  should  not  be  perfectly 
fresh  and  even  preferable  to  that  in  a  steam  station. 
It  may  perhaps  be  of  interest  to  know  that  in  a  very 
large  gas  power  station  in  Germany  palms  and  ferns 
were  growing,  carpets  were  laid  between  the  engines, 
and  a  canteen  decorated  with  flowers  in  pots  was  pro- 
vided on  the  switchboard  gallery  for  the  use  of  the 
staff  off  duty.  I  have  never  seen  a  power  station  in 
this  country  as  clean  or  well  kept,  but  there  are  others 
on  the  Continent  that  could  compete  with  it. 

I  was  particularly  interested  in  Mr.  Fowles's  paper, 
having  been  closely  associated  with  the  plant  described, 
in  fact  being  largely  responsible  for  the  outlay  of  the 
power  station,  from  the  selection  of  the  engines  to  the 
smallest  details.  I  assume  that  the  principal  object 
of  this  paper  is  to  emphasize  the  economies  and  advan- 
tages to  be  derived  from  the  proper  utilization  of  blast- 
furnace gas.  The  figures  may  err  a  little  on  the 
optimistic  side,  but  the  main  contentions  are  absolutely 
correct.  I  do  nbt  propose,  therefore,  to  criticize  details, 
but  to  support  the  author's  views  by  supplementary 
remarks  which  may  be  somewhat  coloured  by  the 
discussion  that  has  already  taken  place.  I  am  afraid 
Mr.  Woodhouse  is  \'ery  wide  of  the  mark  in  assuming 
that  any  considerable  portion  of  our  blast-furnace 
gas  is  being  utilized  to  anything  like  maximum  advantage 
in  this  country.  He  is  still  more  so  in  stating  that 
there  is  no  surplus  gas  available  after  the  needs  of  the 
blast  furnaces  themselves  and  steelworks  (if  any)  have 
been  provided  for.  It  is  one  thing  to  be  alive  to  the 
value  of  a  product,  and  quite  another  to  utilize  it 
properly  when,  to  do  so,  many  problems  have  to  be 
solved  and  considerable  capital  outlay  is  involved. 
The  fact  remains  that  a  considerable  source  of  power 
has  been  large!}'  wasted  bv  us  in  the  past,  and  we  have 
had  to  rely  on  the  Germans  to  show  us  how  to  utilize 
it  efficiently.  .\s  an  instance  of  the  way  in  which 
the  Germans  are  not  only  alive  to,  but  utilize  all  sources 
of  power,  I  may  mention  one  district  which  I  have 
passed  through,  lying  partly  in  the  occupied  zone,  and 
which  is  dotted  over  with  small  blast-furnace  plants 
each  consisting  of  a  single  furnace  producing  a  special 
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iron,  and  each  keeping  a  gas  engine  running  from 
their  surplus  gas.  These  plants  were  connected  by 
high-tension  lines  with  a  large-  town  having  a  central 
station  containing  a  turbo-generator  for  steadying 
purposes.  I  was  told  that  the  s)-stem,  which  supplied 
the  town,  worked  without  a  hitch,  and  a  demonstration 
of  this  was  given  by  telephoning  to  an  outlying  blast 
furnace  (two  miles  away),  and  in  less  than  lo  minutes 
a  gas-driven  alternator  had  been  started  up  and  was 
running  on  the  town  load.  I  will  quote  two  paragraphs 
from  a  paper  read  before  the  Canadian  Institution  of 
Chemical  Engineers  a  good  many  years  ago,  which 
clearly  indicates  that  a  large  quantity  of  surplus  gas 
is  available  after  satisfying  the  requirements  of  blast- 
furnace and  steelworks  plant.  During  the  years  from 
igii  to  1914  I  had  exceptional  opportunities  for  col- 
lecting data  relative  to  this  question.  This  data 
resulted  from  visits  to  a  large  number  of  steel-works 
on  the  Continent,  some  works  having  been  visited 
three  or  four  times,  and  was  obtained  by  personal 
inspection,  by  examination  of  log  sheets  covering  long 
periods,  by  inquiries  from  attendants  and  others,  and 
.from  correspondence  with  power-station  engineers  in 
various  countries,  including  several  power  stations  in 
Russia,  who  replied  very  fully.  The  results  were 
tabulated  and  every  efiort  was  made  to  avoid  using 
doubtful  information.  The  conclusions  arrived  at  may 
be  interesting,  though  time  will  only  permit  of  my 
dealing  with  generalities.  They  are  as  follows  : — The 
advantages  to  be  derived  from  cleaning  the  gas  were 
always  considerable,  and  sometimes  enormous,  whether 
used  for  stoves,  boilers  or  gas  engines,  and  the  cleaner 
the  gas  the  better,  especially  for  gas  engines.  When 
clean  gas  was  used,  a  large  surplus  was  available  for 
purposes  other  than  at  the  blast  furnaces.  (May  I 
point  out  that  in  the  case  of  the  power  station  described 
by  Mr.  Fowles,  the  total  power  needs  of  a  large  steel- 
works, shipyard,  engine  works,  boiler  works  and  several 
other  establishments  are  supplied,  and  a  considerable 
surplus  remains  available.)  The  gas  not  required  by 
the  blast  furnaces  can  be  used  for  generating  electricity, 
either  by  means  of  steam  boilers  and  turbo-generators 
or  directly  in  gas-engine-driven  generators.  Given  the 
right  plant,  the  gas-engine  proposition  was  equally  as 
reliable  as  the  steam  proposition.  Steam  plant  is 
usually  lower  in  first  cost  than  the  gas-engine  plant, 
but  having  regard  to  the  greater  economy  of  the  latter, 
its  adoption  was  fully  justified,  provided  suitable 
up-to-date  plant  was  installed,  this  being  an  essential 
factor.  Prior  to  1914,  no  really  up-to-date  plant,  such 
as  was  to  be  found  in  Germany,  existed  in  this  country. 
Either  the  engines,  though  new  in  some  instances,  were 
of  a  pattern  insufhciently  reliable  and  becoming  obsolete 
on  the  Continent,  or  the  gas-cleaning  plant  was  entirely 
inadequate.  In  either  case  the  result  was  manifest 
in  undue  repairs  and  general  disappointment  with  the 
plant.  With  regard  to  reliability,  I  have  a  record  of 
an  engine  having  made  a  test  run  for  24  hours  per  day 
for  365  days  without  a  breakdown  or  stoppage  for 
cleaning  or  inspection.  It  probably  was  stopped  for 
a  few  minutes  occasionally  for  minor  adjustments, 
but  my  information  does  not  imply  even  this.  Elaborate 
arrangements  were  made  to  cope  with  ignition  troubles. 


It  is  unlikely  that  this  performance  could  be  approached 
in  any  gas  power  station  in  this  countn,-  under  their 
existing  conditions,  but  there  is  no  reason  why  it  should 
not  be  if  suitable  plant  to  produce  the  required  con- 
ditions were  provided.  No  doubt  Mr.  Fowles  can  tell 
us  something  on  this  point.  By  suitable  plant  I  mean 
gas  engines,  excellent  as  regards  design,  material  and 
workmanship,  such  as  can  be  found  in  the  Ehrhardt  and 
Sehmer  and  one  or  two  other  types.  Gas-cleaning 
plant  must  be  provided  capable  of  cleaning  the  gas 
down  to  0-002  gramme  per  cubic  metre,  such  as  the 
Halberg-Beth  filter  plant.  Neither  engines  nor  gas- 
cleaning  plants  have  reached  finality,  and  just  prior 
to  the  war  interesting  developments  were  taking  place, 
which  will  in  all  probability  be  resumed,  such  as  the 
application  of  scavenging  to  four-stroke  engines,  result- 
ing in  considerablj'  increased  power  per  cylinder.  This 
has  been  occasionally  tried  with  indifferent  results  in 
this  country  so  far,  but  has  achieved  a  measure  of 
success  in  Germany,  and  further  developments  in  this 
direction  may  be  expected.  Exhaust  gases  may  be 
used  to  provide  the  steam  for  the  pre-heaters  of  the 
Halberg-Beth  plant  or  for  driving  steam-turbo  pumps 
for  the  scavenging  plant.  Other  economies  of  a  similar 
nature  remain  to  be  investigated.  The  reliability  of 
the  gas  engine,  apart  from  manufacture,  depends 
mainly  on  the  cleanliness  of  the  gas,  and  so  far  the 
Halberg-Beth  plant  has  come  up  to  the  requirements 
in  this  respect,  but  the  cleanliness  of  the  gas  delivered 
by  this  plant,  namely,  0-002  gramme  per  cubic  metre, 
is,  as  indicated  by  Mr.  Fowles,  cleaner  than  the  sur- 
rounding air  ;  and  the  time  has  now  come  to  clean 
the  air  as  well  and  so  obtain  still  better  results  from  the 
gas  engines.  I  think  Mr.  Fowles  mentioned  that 
the  air  valves  were  much  dirtier  than  the  gas  valves 
of  the  engines  in  his  charge.  With  regard  to  gas- 
cleaning  plant,  much  scope  exists  for  improvement. 
The  Halberg-Beth  filter  plant,  although  providing  the 
necessarj'  degree  of  cleanliness,  is  expensive  in  first 
cost  and  in  operation.  It  is  here  that  electrical 
engineers  can  step  into  the  breach  by  perfecting  the 
electrostatic  process,  which,  in  this  country-,  has  not 
yet  proved  itself  superior  to  the  filter  plant.  It  is 
apparently  giving  satisfaction  in  America.  Of  the  wet 
type,  the  most  promising  is  the  Swarz  disintegrator, 
which  appeared  in  its  final  form  just  prior  to  the  war, 
and  which  showed  promising  results  combined  with 
simplicity  and  reliability,  but  does  not  lend  itself  to 
potash  recovery.  For  rough  cleaning,  an  extremely 
simple  process  appears  to  be  meeting  with  success  in 
America,  and  may  shortly  be  introduced  into  this 
country'.  I  refer  to  the  Kling-Weidlein  system,  which 
is  dry  and  involves  no  loss  of  sensible  heat.  It  must 
not  be  forgotten  that  the  gas  requirements  for  engines 
and  for  boilers  and  stoves  are  quite  different.  The 
sensible  heat  must  be  largely  reduced  for  the  former, 
but  may  be  retained  for  the  two  latter.  Again,  the 
same  degree  of  cleanliness,  though  desirable  for  boilers 
and  stoves,  is  by  no  means  so  important,  particularly 
where  potash  recovery  is  not  included.  Reference 
has  been  made  to  the  advantages  of  clean  gas  for  stoves, 
and  I  understand  one  speaker  to  say  that  stoves  using 
dirty  gas  were  relined  every  three  months    (Does   not 
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this  mean  cleaned  ?),  but  would  run  for  two  years  on 
clean  gas.  I  may  add  that  I  have  twice  been  in  stoves 
opened  up  in  each  case  after  five  years  in  operation  on 
clean  gas,  and  in  either  case  the  -condition  was  practi- 
cally as  good  as  when  the  lining  was  renewed.  There 
is  nothing  new  in  the  remarks  made  by  me  to-night, 
and,  as  a  matter  of  fact,  I  made  almost  identical  state- 
ments before  a  meeting  of  this  Institution  as  far  back 
as  191 2,  and  the  slides  I  have  shown  to-night  were 
selected  from  a  batch  exhibited  at  that  meeting.  The 
point  I  am  endeavouring  to  emphasize  is  that  there 
has  been  no  material  progress  made  in  this  country 
in  the  utilization  of  blast-furnace  gas  since  1912.  We 
may  have  introduced  a  few  improvements  in  details 
of  gas  engines  and  have  constructed  half  a  dozen  or 
so  more  engines,  \^■e  may  have  even  put  down 
one  or  two  new  gas  power  stations,  but  we  have 
made  no  material  advance.  We  are  indebted  to  Ger- 
many and  America  for  such  improvements  in  gas 
cleaning  as  may  have  been  introduced  into  this  country. 
On  the  other  hand,  there  are  a  large  number  of  blast- 
furnace plants  making  little  or  no  use  of  their  gas. 
Some  of  these  plants  are  isolated  (i.e.  unconnected 
with  a  steel-works)  and  others  still  in  existence  are  of 
so  antiquated  a  type  that  it  is  impossible  to  use  the 
gas  at  all.  I  consider  Mr.  Fowles's  paper  most  valu- 
able, inasmuch  as  it  will  serve  to  bring  this  quesion 
of  gas  cleaning  once  more  before  those  who  are  not 
making  full  use  of  the  advantages  they  possess. 

Mr.  H.  J.  Gibbons  :  I  propose  to  confine  my  remarks 
to  the  general  aspect  of  the  subject,  and  not  to  criticize 
the  scientific  data  of  which  the  two  papers  contain 
so  much.  I  certainly  think  these  papers  should  help 
considerably  towards  the  solution  of  two  problems  : 
first,  the  conservation  of  coal  ;  and,  second,  its  utiliza- 
tion to  the  best  advantage.  The  authors  have  dealt 
with  electrical  power  from  totally  different  standpoints. 
In  the  one  case  it  is  an  isolated  factory  which  has 
developed  its  own  electrical  installation  and  neces- 
sarily begins  with  coal,  both  for  heating  and  for  power 
purposes.  In  the  other  case  the  production  of  gas 
is  a  stage  in  the  process  of  manufacturing  iron  and 
steel  ;  gas  is  in  this  case  a  by-product.  In  the  case  of 
the  Hoffmann  Manufacturing  Company,  I  think  the  right 
thing  has  been  done,  firstly  from  the  customer's  point 
of  view  in  obtaining  electricity  at  low  cost,  and  secondly 
from  a  national  point  of  view  in  recovering  bj'-products. 
The  figures  show  that  it  is  certainly  possible  to  generate 
electric  power  at  a  cost  comparable  with  the  prices 
charged  by  electricity  supply  undertakings.  I  am 
somewhat  disappointed  with  the  repair  cost  in  Table  8 
of  Mr.  Patchell's  paper.  This  is  apparently  6-28  per 
cent  of  the  capital  cost,  and  should  not  be  more  than 
half  that  figure.  Probably  there  is  some  explanation 
in  that  repairs  and  renewals  to  various  parts  of  the 
plant — owing  to  the  fact  that  suitable  materials 
were  originally  unobtainable — have  been  charged  to 
general  repairs,  whereas  the  whole  of  the  sulphate 
recovered  has  been  credited  to  fuel  cost.  The  cost  of 
lubrication,  mentioned  last  week,  has  been  reduced 
by  one  half,  and  I  understand  that  for  1919  the  cost 
of  repairs  is  less.  Perhaps  a  few  remarks  on  the  type 
of  engine  installed  may  not  be  out  of  place.     They  are 


of  the  four-cylinder  four-crank  horizontal  type,  which 
have  cylinders  each  20  in.  diameter  x  28  in.  stroke, 
and  run  at  a  speed  of  190  r.p.m.  They  were  made  by 
m)'  firm,  the  Premier  Company,  which  has  been  a 
pioneer  in  large  engines,  particularly  large-cylinder 
engines.  Engines  with  38  in.  cylinders  were  made 
18  years  ago  by  the  Premier  Company,  and  they  are  still 
running  successfully  to-day.  Four  such  cylinders  make 
up  a  unit  on  blast-furnace  gas  of  about  i,8oo  b.h.p. 
Captain  Pyne  spoke  of  Continental  and  American 
development  of  scavenging.  1  think  it  is  generally 
acknowledged  that  a  good  deal  has  been  done  in  this 
country  in  the  way  of  scavenging  in  large-cylinder 
engines.  Mr.  Hamilton  of  the  Premier  Company  was 
really  the  pioneer  in  that  direction.  Experience  has 
taught  us  that  engines  must  have  multiple  cylinders 
for  moderate  size  units  if  electrical  drive  is  required, 
even  with  direct-current  generators,  so  as  to  get  steady 
running.  For  alternators  it  is  essential  to  have  multi- 
cylinder  engines,  and  the  four-cylinder  type  of  engine 
installed  at  Hoffmann's  gives  a  sufficiently  even  turning- 
moment  and  low  cyclic  irregularity  to  allow  it  to  be 
coupled  to  alternators  for  running  in  parallel.  It 
runs  at  a  medium  speed,  and  Mr.  Patchell's  remarks 
show  that  this  is  an  advantage  in  the  power  house. 
Even  with  a  lower-speed  generator  this  type  is  cheaper 
in  capital  cost  than  the  high-speed  vertical  type  with 
its  cheaper  generator.  With  this  type  of  horizontal 
engine  the  cylinders  can  be  made  of  such  a  shape, 
and  the  valves  can  be  so  disposed,  that  the  best  fuel 
economy  is  obtained.  The  floor  space  is  not  very 
much  more  than  that  taken  up  by  the  vertical  type, 
especially  when  the  pipe  arrangement  is  taken  into 
account  in  the  vertical  engine.  However,  this  hori- 
zontal multi-cylinder  type  of  engine  has  its  limits, 
which  as  far  as  can  be  seen  at  present  are  in  the  neigh- 
bourhood of  about  1,000  h.p.  Units  have  been  made 
up  to  750  b.h.p.  (500  kw.)  with  four  c)-linders.  Whilst 
agreeing  with  Mr.  Patchell  that  large-cylinder  units 
must  be  used  to  obtain  larger  powers,  the  other  question 
arises  :  whether  the  Continental  type  does  not  take 
up  too  much  floor  space  and  necessitate  buildings  too 
large  and  foundations  too  heavy.  Probably  if  gas 
engines  are  to  be  used  in  large  units  in  the  future,  there 
will  have  to  be  a  compromise  between  the  two  types. 
Dealing  with  Mr.  Fowles's  paper,  it  is  of  course  well 
known  by  those  who  have  been  working  on  the  problem 
for  years  that  where  blast-furnace  gases  are  available 
there  is  no  comparison  between  the  gas  engine  and 
other  forms  of  prime  movers  whether  for  blast  or  for 
electrical  production — though  it  needed  dear  fuel 
conditions  to  bring  it  home,  and  I  doubt  if  it  is  yet 
fully  understood  in  all  directions.  Many  years  ago 
the  opinion  was  expressed  that  at  blast  furnaces  with 
steelworks  attached,  fuel  need  not  be  used  anywhere 
except  in  the  furnaces.  Gas  would  provide  all  the  heat, 
and  gas  used  in  gas  engines  would  provide  all  the  power 
required.  In  this  country,  however,  the  ironworks 
are  often  quite  distinct  from  the  steelworks,  and  con- 
sequently the  power  required  is  small,  and  Mr.  Fowles's 
paper  suggests  that  if  the  gas  is  not  wanted  for  power 
it  could  be  economically  utilized  for  electrical  pro- 
duction and  distributed  over  adjacent  areas.     One  often 
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wonders  why,  in  such  cases,  there  cannot  be  co-opera- 
tion between  ironworks  and  the  electric  supply  author- 
ities, instead  of,  as  at  present,  gas  being  used  in  boilers 
to  get  rid  of  it  and  power  stations  being  set  up  in  some 
cases  close  to  the  furnaces  burning  coal  in  boilers.  In 
such  cases  the  gases  should  be  cleaned  for  gas-engine 
use  and  converted  into  electricity  and  distributed. 
The  last  speaker  spoke  of  reliability.  Both  authors 
speak  of  their  gas  engines  being  equally  as  reliable  as 
steam  engines.  I  know  of  a  case  in  this  country  where 
a  gas  engine  has  run  5  months  night  and  day  without 
stopping.  I  want  to  say  a  few  words  about  some  of 
Mr.  Woodhouse's  criticisms.  He  implied,  I  think, 
that  gas-engine  plant  for  generating  electricity  w-ould 
certainly  not  be  installed  because  coal  is  dear.  Prob- 
ably his  point  was  that  private  individuals  should  not 
put  down  their  own  power  plant  at  all,  but  should 
leave  it  to  the  large  electricity  supply  stations  ;  but 
what  of  the  many  users  who  already  have  their  own 
power  plant — in  many  cases  obsolete  and  wasteful 
steam  engines  ?  Surely  it  is  not  wrong  to  displace 
these  by  more  economical  methods  ?  They  are  quite 
justified  in  saving  coal  because  it  is  dear.  Another 
point  is  that  a  good  deal  of  transport  of  coal  would 
be  saved  if  power  stations  could  be  placed  near  blast 
furnaces  and  electricity  generated  there.  It  is  an 
accepted  fact  to-day  that  the  gas  engine  is  a  saver 
of  coal  ;  its  high  thermal  efficiency  is  undeniable.  Mr. 
Percy  Taylor  has  published  a  test  result  on  an  engine 
of  a  similar  type  to  those  at  Hoffmann's,  showing  a  heat 
consumption  of  7,510  therms  per  brake  horse-power,  i.e. 
a  thermal  efficiency  of  33^  per  cent.  The  only  reason 
why  the  gas  engine  is  not  more  generally  used  is  said 
to  be  its  capital  cost,  but  from  a  national  point 
of  view  the  right  thing  to  do  is  to  conserve  coal. 
^^^^ere  coal  must  be  used,  the  by-products  should  be 
utilized.  Mr.  Woodhouse  remarked  that  ironmasters 
knew  what  they  were  doing.  I  agree  with  him  that 
there  are  a  number  of  progressive  ones.  In  one  case 
over  20  large  gas-engine  units  have  been  installed  for 
blowing  and  power,  and  it  is  significant  that  once  an 
ironmaster  commences  to  install  large  gas  engines  he 
continues  to  do  so  in  spite  of  the  alleged  difficulties. 
There  is  evidently  something  in  it,  and  this  method 
of  utilization  of  by-products  in  the  shape  of  gas  has 
hardl}'  yet  been  touched  in  this  country.  The  younger 
generation  of  ironw-orks  managers  believe  that  the  time 
will  come  in  such  industries  when  coal  will  only  be 
used  in  coke  ovens.  The  coke  produced  will  be  used 
in  the  blast  furnaces.  Power  will  be  produced  by  the 
gases  from  the  coke  ovens  and  the  blast  furnaces  for 
use  in  other  departments  of  the  industry,  and  the 
surplus  power  will  be  sold.  Any  steam  required  will 
be"  raised  from  the  exhaust  boilers  of  the  gas  engines. 
Industries  not  in  the  region  of  this  surplus  supply  must 
be  considered  on  the  circumstances  of  each  case.  Where 
coal  is  far  distant  they  must  reduce  the  cost  of  this 
item  as  much  as  possible,  and  the  gas  engine  provides 
the  way,  as  surely  is  now  proved  by  the  results  at 
Messrs.  Hoffmann's.  Within  the  course  of  the  next 
year  or  two  we  may  be  able  to  say  that  really  large 
units  of  gas  engines  can  be  offered  by  makers  with  many 
years'   experience   behind   them,   so   that   they   can   be 


guaranteed    to  run  successfully,   even  under  the  most 
stringent  conditions  demanded. 

Mr.  J.  Paton  :  The  position  with  regard  to  by-product 
recovery  plant  is  not  so  favourable  as  it  was  before 
the  war,  owing  to  the  increased  cost  of  coal  and  labour 
not  being  offset  by  a  corresponding  rise  in  the  price 
of  sulphate  of  ammonia.  It  is  therefore  important  to 
see  what  economies  can  be  effected  in  the  running 
of  the  plant.  As  Mr.  Patchell  points  out,  the  addition 
of  25  per  cent  to  the  coal  bill  for  the  provision  of 
steam  lor  the  recovery  plant  is  a  very  heavy  item.  In 
this  connection  I  should  like  to  ask  Mr.  Patchell  if 
he  finds  the  type  of  towers  which  he  uses  to  be  as 
efficient  as  the  ordinary  packed  towers.  From  some 
of  his  figures  it  would  appear  that  they  are  not  quite 
so  efficient.  I  notice  he  gives  the  temperature  of  the 
air  leaving  the  saturator  as  about  68°  C,  corresponding 
to  a  recovery  of  J  lb.  of  steam  per  pound  of  coal.  With 
towers  packed  with  circular  tiles  there  is  no  difficulty 
in  getting  a  temperature  of  73"  C.  or  74°  C,  gi'ving  a 
recovery  of  I  lb.  of  steam  per  pound  of  coal  gasified. 
It  is  very  important  that  the  air  should  be  raised  to 
the  highest  possible  temperature  by  the  hot  water 
used  in  cooling  the  gas,  as  any  deficit  in  the  amount 
of  steam  obtained  in  this  manner  has  to  be  made  up 
by  live  steam.  As  far  as  the  saving  of  steam  used  in 
the  producer  is  concerned  I  think  that  the  "  Moore  " 
producer  is  on  the  right  lines.  There  is  no  doubt  that 
Mr.  Moore  has  been  able  to  recover  60  per  cent,  of  the 
nitrogen  in  the  fuel  in  the  form  of  sulphate  of  ammonia, 
using  only  1-25  lb.  of  steam  per  pound  of  coal,  against 
2-25  lb.  or  2-5  lb.  in  the  case  of  the  Mond-Lymn  plant. 
I  am  particularly  interested  in  Mr.  Patchell's  paper 
because  I  have  been  connected  with  a  recovery  plant 
of  practicallj'  the  same  size,  the  greater  part  of  which 
was  erected  during  the  war.  This  particular  plant 
was  of  the  Moore  type.  A  plant  having  a  gasification 
capacity  of  30  tons  of  coal  per  24  hours  was  installed 
in  1914  :  this  plant  consisted  of  two  producers  with 
the  necessary  recovery  plant  ;  another  producer  was 
added  in  19 17  using  the  old  recovery  plant,  and  a 
third  producer  was  put  down  in  1919  with  a  recovery 
plant  for  30  tons  of  coal.  The  cost  of  this  plant  was 
about  ;£io  6s.  per  kilowatt,  which  is  very  much  less 
than  the  figure  stated  by  Mr.  Patchell.  Regarding 
corrosion  of  the  absorbers,  I  think  some  very  useful 
information  will  be  found  on  this  point  in  a  paper  read 
by  Sir  Robert  Hadfield  before  the  Iron  and  Steel  Insti- 
tute in  1916.  He  showed  that  the  corrosion  in  steel 
vessels  using  acid  solution  is  intimately  connected 
with  the  proportions  of  manganese  and  carbon  in  the 
steel,  and  he  gives  the  proportions  which  will  largely 
avoid  this  corrosion.  There  is  one  other  direction  in 
which  a  saving  in  steam  can  be  effected  in  a  plant  of 
the  Mond-Lymn  or  Duff  type.  It  is  quite  possible 
to  recover  the  sulphate  of  ammonia  direct  either  from 
a  mechanical  washer  or  from  a  tower  such  as  is  used 
in  the  plant  described  by  Mr.  Patchell.  I  know  of 
a  large  plant  which  has  been  running  for  about  a  year 
recovering  the  sulphate  direct,  thus  entirely  dispensing 
with  the  evaporating  plant  and  saving  the  steam  used 
in  the  evaporation  ;  this  is  a  very  important  point. 
Mr.  Patchell  mentioned  some  trouble  regarding  the  dis- 
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tillation  of  the  tar.  The  tar  from  a  plant  of  the  Mond- 
Lynin  or  Duff  type  can  be  easily  dealt  with.  It  is 
necessary,  however,  to  keep  the  tar  in  the  still  agitated 
until  the  water  is  distilled  over.  This  can  be  done  by 
injecting  compressed  air  into  the  bottom  of  the  still. 
I  should  like  to  ask  Mr.  Patchell  if  the  fuel  consumption 
which  he  gives  of  i-66  lb.  per  kilowatt-hour  is  the 
value  of  the  fuel  less  the  net  value  of  the  sulphate  of 
ammonia. 

Dr.  J.  A.  Marker :  Mr.  Patchell  referred  in  his 
paper  to  my  colleague,  Mr.  H.  A.  Humphrey,  who  was 
during  the  war  a  member  of  the  staff  of  the  Ministry 
of  jMunitions,  and  is  at  present  in  America.  A  report 
has  just  been  issued  by  the  Ministry,  which  in  one  of  its 
sections  covers  much  the  same  ground  as  Mr.  Patchell's 
paper.  The  Report  of  the  Nitrogen  Products  Committee, 
published  by  the  Stationery  Office  as  a  Government 
blue-book  in  January,  deals  inter  alia,  in  a  way  which 
I  think  electrical  engineers  will  find  useful,  with  this 
question  of  the  generation  of  electric  power  with  by- 
product recovery.  The  Committee  has  examined, 
partly  statistically  and  to  a  small  extent  experimentally, 
the  relative  advantages  of  the  use  of  raw  coal  and  of 
the  various  projects  for  partial  and  complete  gasifica- 
tion of  coal  with  by-product  recovery.  It  has  indicated 
in  considerable  detail  its  views  on  many  of  the  funda- 
mental points  on  which  a  manufacturer  would  like 
authoritative  information  before  installing  a  large 
power  plant.  If  a  manufacturer  is  in  doubt  whether 
to  purchase  electric  power  or  to  generate  it  himself, 
the  first  thing  he  wants  to  know  is  what  it  is  going  to 
cost.  In  the  Report  is  set  out  in  considerable  detail 
both  the  installation  and  running  costs  of  the  different 
types  of  plant,  the  consumption  of  coal  in  each  case 
and  so  on.  The  data  are  set  out  in  such  a  way  as  to 
give  an  engineer  needing  guidance  all  the  necessary 
information  regarding  b3--product  recoverv  plants  and 
the  general  economics  of  the  problem.  I  thought  it 
worth  while  in  Mr.  Humphrey's  absence  to  direct  atten- 
tion to  these  figures  and  to  say  that  many  of  the  con- 
clusions in  Mr.  Patchell's  paper  are  in  accord  with  the 
views  of  the  Committee.  The  general  examination  of 
the  electric  power  problem  was  conducted  by  a  sub- 
committee under  the  Chairmanship  of  Sir  John  Snell, 
while  the  by-product  distillation  part  of  the  inquiry 
was  carried  out  by  Mr.  W.  R.  Cooper,  Mr.  J.  H.  Rider, 
-\Ir.  Frank  Jones,  Mr.  Humphrey  and  myself. 

Mr.  G.  Bass  :  At  the  commencement  the  Hoffmann 
Manufacturing  Company  perhaps  had  some  doubts 
as  to  the  results  which  would  be  obtained  ;  but  now 
that  the  plant  has  run  for  2  j'ears  and  8  months  those 
doubts  have  been  removed,  and  I  think  it  will  be  agreed 
that  the  figures  given  in  I\Ir.  Patchell's  paper  are  most 
satisfactory-  considering  the  various  sorts  of  coal  which 
had  to  be  used  and  the  difficulty  in  connection  with 
labour.  From  our  experience  we  have  no  doubt  that 
scrubbed  bituminous  producer  gas,  as  supplied  to  plant 
like  that  described  in  Mr.  Patchell's  paper,  is  an  ideal 
power  agent  when  used  in  gas  engines,  and  it  has  proved 
itself  to  be  pre-eminently  satisfactory  for  almost  every 
kind  of  heating  work,  ranging  from  the  small  open 
burners  to  the  large  heating  furnaces.  The  type  of 
gas  made  from  bituminous  coal  in  a  simple  dependable 


apparatus  and  suitable  for  almost  every  kind  of  manu- 
facturing work  is  well  worth  the  consideration  of  the 
engineer  of  to-day  who  is  contemplating  an  extension 
of  power  or  heating  for  furnaces.  In  regard  to  the 
certainty  of  operation  of  the  gas  engine  of  a  reputed 
make,  one  seems  fully  entitled  to  claim  that  both  in 
size  and  in  reliability  of  operation  the  gas  engine  need 
not  be  regarded  as  behind  the  steam  engine  for  straight- 
forward stationary  work  such  as  electricity  generation 
or  factory  work.  In  connection  with  the  rehability 
of  the  exhaust-heat  boilers,  we  have  only  had  one 
compulsory  stoppage,  of  43  hours,  in  2  years  and  8 
months.  That  stoppage  was  entirely  due  to  a  leaky 
mud-hole  joint,  and  it  was  not  desirable  to  shut  down 
the  engine  at  that  time  to  stop  this  leakage.  When 
we  were  able  to  shut  down  ^ve  found  that  scoring  had 
taken  place  very  badlv  at  the  mud-hole  joint,  and  we 
had  to  close  down  for  43  hours  to  make  the  necessary 
repairs.  The  attention  required  for  these  boilers  is 
practically  negligible,  as  they  are  automatically  con- 
trolled so  far  as  the  water  supply  is  concerned.  I 
was  very  pleased  to  hear  Mr.  Taylor's  remarks  last 
week  as  to  the  condition  of  the  plant  and  his  favourable 
impression  of  the  gas  plant  after  visiting  the  works. 
One  has  had  impressed  upon  one,  perhaps,  that  if  one 
has  a  gas  plant  it  must  necessarily  follow  that  one 
must  be  up  to  one's  neck  in  tar.  But  that  is  not  the 
case. 

Mr.  A.  H.  Lymn  :  Mr.  Paton  has  referred  to  this 
particular  construction  of  washer  as  perhaps  not  being 
so  efficient  in  the  recovery  of  steam  from  the  sensible 
heat  of  the  gases,  and  he  gave  a  figure  of  73°  C.  which 
is  obtained  with  packed  towers,  pointing  out  that  this 
means  a  greater  recovery  of  steam.  If  73°  C.  is  an 
average  figure,  and  if  it  really  represents  saturation, 
it  is  certainly  a  greater  recovery,  but  I  imagine  that 
the  tower  to  which  he  refers  was  part  of  a  plant  working 
continuously  at  practically  full  load,  whereas  at  the 
works  of  the  Hoffmann  Manufacturing  Company  the 
plant  works  at  full  load,  or  say  80  per  cent  load,  for 
8  hours  a  day,  stops  two  or  three  times  a  day,  and  runs 
during  the  night  at  about  one-third  load.  We  have 
thus  not  the  same  conditions  to  deal  with.  An  import- 
ant question  arises,  viz.  does  Mr.  Paton's  figure  repre- 
sent saturation,  and  has  he  ever  made  simultaneousl}' 
with  those  thermometer  readings  actual  estimations 
of  the  moisture  contained  in  the  air  blast  ?  With 
similar  towers  to  those  to  which  he  refers  it  very 
frequently  occurs  that  the  thermometer  temperature 
does  not  represent  saturation.  I  believe  that  if  we 
were  working  at  full  load  continuously  we  should  not 
be  behind  the  figures  he  mentioned.  On  the  point 
of  corrosion  and  the  recovery  of  ammonia  in  steel 
washers,  Mr.  Paton  suggested  that  it  was  due  to  a 
particular  composition  of  the  steel.  I  can  only  say 
that  no  particular  composition  has  ever  been  stipulated 
for  these  washers.  Probably  a  dozen  of  these  plants 
have  been  put  into  operation  since  191 1,  and  since 
that  time  no  corrosion  has  developed  in  any  one  of 
them,  beyond  such  things  as  bolts,  to  which  reference 
is  made  in  the  paper.  A  great  deal  of  this  I  attribute 
to  the  design.  In  those  cases  of  by-product  recovery 
plants   where   an   attempt   has   been   made   to   recover 
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the  ammonia  in  a  steel  washer,  it  has  generally  been 
in  a  horizontal  washer  with  revoKHng  paddles,  having 
at  the  same  time  a  long  lute  in"  which  the  height  of  the 
liquor  fluctuates  all  the  time.  If  one  considers  the 
two  constructions,  there  are  reasons  why  the  Lymn 
absorber  is  less  liable  to  corrosion  than  the  steel  washer 
of  the  construction  referred  to.  I  am  pleased  to  see 
from  page  418  that  Mr.  Patchell  is  converted  in  the 
matter  of  the  mechanical  grates  for  gas  producers 
which  I  recommended  to  him  two  or  three  years  ago. 
It  will  perhaps  amuse  him  to  be  reminded  of  the 
criticism  he  made  at  the  time,  namely,  that  he  preferred 
to  employ  stokers  for  his  producers  rather  than  fitters. 
I  am  glad  to  see  he  does  not  think  there  is  such  a  strong 
case  against  mechanical  producers  now  as  he  main- 
tained then.  If  Messrs.  Hoffmann  had  been  able  to 
obtain  the  good  coals  (of  low  ash  content)  which  they 
set  out  to  use,  the  installation  of  static  producers 
would,  however,  have  been  quite  justified.  I  should 
like  to  refer  again  to  the  particular  construction  of 
washer,  because  the  diagram  does  not  show  it  quite 
as  it  ought  to  be  shown.  The  discs  are  considerably 
■smaller  in  diameter  than  the  bottom  of  the  cone.  The 
first  plant  which  I  built  myself  had  revolving  discs. 
Owing  to  the  usual  sort  of  thing  which  may  happen, 
there  was  a  stoppage  of  the  gear,  and  then  I  found 
the  washer  worked  practically  as  well  without  revolving 
the  discs.  At  that  time  the  disc  was  considerably 
bigger  than  the  cone  ;  that  is  to  say,  the  water  had 
to  run  off  the  disc  on  to  the  cone,  and  vice  versa.  Then 
I  was  asked  to  increase  the  size  of  the  plant  by  some- 
thing hke  80  per  cent.  I  was  confronted  with  the 
probability  of  having  to  build  an  additional  set  of 
washers.  Instead  of  that  I  cut  pieces  off  the  cone, 
and  kept  cutting  them  off  until  I  was  putting  the  gas 
from  go  tons  of  coal  through  the  washer,  which  had 
been  built  for  50  tons.  I  did  this  by  causing  the  discs 
to  be  smaller  than  the  cone,  and  they  are  now  con- 
structed in  such  a  way  that  the  water  falling  on  to 
the  top  disc  would  drop  straight  to  the  bottom  without 
going  on  to  the  cones.  It  will  therefore  be  seen  that 
it  is  the  momentum  of  the  gas  itself  which  causes  the 
atomizing  of  the  liquid  and  intimate  contact  of  the 
gas  therewith.  Indeed,  that  is  the  patented  principle 
of  the  washer,  so  that  a  very  thorough  wash  itself 
takes  place  without  mechanical  means.  It  would 
perhaps  interest  members  to  know  that  these  washers 
can  be  constructed  to  deal  with  anything  from  10,000 
up  to  2,000,000  cubic  feet  or  more  per  hour.  Mr. 
Woodhouse  implied  that  when  coal  is  dear  is  not  the 
time  to  install  gas  plant.  I  think  that  requires  a  little 
comment.  In  a  way  it  is  true,  _  if  when  one  is  putting 
down  plant  one  does  not  go  into  the  matter  fully, 
because  if  one  raises  the  steam  for  the  plant  in  a  direct 
coal-fired  boiler,  it  would  require  coal  to  the  value  of 
5s.  to  provide  steam  to  gasify  coal  having  a  value  of 
£1,  i.e.  25  per  cent.  But  what  Mr.  Woodhouse  ap- 
parently overlooks  is  that  steam  can  be  raised  in 
numerous  ways.  It  can  be  raised,  if  it  is  in  conjunction 
with  a  furnace  plant,  from  the  waste  gases  of  the  fur- 
nace. If  it  is  in  conjunction  with  a  gas-engine  plant 
it  can  be  raised  by  means  of  the  exhaust  gases.  If 
it  is  firing  a  boiler  plant,  it  is  possible,  if  we  have  a 


big  installation,  to  make  a  part  of  the  power  plant 
non-condensing  or  to  bleed  steam  from  one  of  the 
turbines.  Mr.  Patchell  later  on  in  the  paper  remarks 
that  the  gas  turbine  is  not  a  commercial  problem. 
We  all  agree  with  him,  but  it  may  be  of  interest  if 
I  read  a  resume  of  an  article  from  last  week's  Zeitschrift 
des    Vereins  dcutscJicr  Inginiewe : — 

"  The  firm  of  Thyssen  of  MuUheim  prior  to  the  war 
acquired  the  Holzwarth  gas-turbine  rights  and  built 
a  1,000  h.p.  gas  turbine,  in  all  the  main  respects  similar 
to  the  one  described  bj^  Mr.  Holzwarth  in  his  book 
on  '  Gas  Turbines.'  A  considerable  amount  of  research 
was  done  on  this  up  to  the  outbreak  of  war,  but  this 
ceased  entirely  during  the  war.  Since  1918,  however, 
continued  research  has  been  carried  out  by  Messrs. 
Thyssen,  and  turbines  built  or  under  construction 
include  two  oil  turbines  of  500  b.h.p.  running  at  3,000 
r.p.m.  and  another  12,000  h.p.  gas  turbine  running 
at  1,500  r.p.m.  The  vertical  construction  has  appar- 
ently been  dropped  and  these  oil  and  gas  turbines 
just  referred  to  are  built  with  horizontal  shafts.  No 
mention  is  made  in  the  article  of  the  reasons  why  this 
construction  was  adopted.  Efficiencies  so  far  obtained 
are  comparable  with  those  of  the  gas  and  Diesel  engine, 
but  these  figures  were  got  with  the  gas  and  air  under 
a  much  lower  compression  than  is  the  practice  with 
reciprocating  engines.  Very  lengthy  tests  have  been 
conducted  and  the  blades  of  the  turbine  have  been 
found,  when  made  of  a  special  soft  steel  manufactured 
by  Messrs.  Thyssen,  perfectly  clean  and  un corroded. 
Mr.  Holzwarth  remarks  that  it  is  very  desirable  that 
there  should  be  no  water  or  water  vapour  in  the  gas 
supplied  to  the  turbine  to  avoid  the  formation  of 
sulphuric  acid  and  the  consequent  corrosion  of  the 
blades,  but  as  the  temperature  is  not  likely  to  fall 
sufficiently  low  for  this  acid  to  be  formed,  the  reasons 
for  the  precaution  are  not  entirely  clear.  The  speeds 
of  the  turbines  are  high  and.  compared  with  steam 
turbines  of  similar  power,  the  diameters  are  larger. 
This  is  because  the  power  is  dependent  on  the  size 
and  number  of  the  explosion  chambers  which  are 
arranged  in  a  ring  opposite  the  blades  of  the  rotor. 
The  former  difficulties  in  the  operation  of  the  nozzle 
valves  have  apparently  been  overcome  by  the  use  of  , 
oil  under  pressure.  The  indicated  efficiency  obtained 
is  claimed  to  be  45  per  cent,  while  the  gas  consumption 
is  stated  as  2,500  calories  per  h.p. -hour  at  full  load, 
with  a  compression  of  three  atmospheres  absolute  and 
an  explosion  pressure  of  15  atmospheres  absolute." 

Before  the  war  I  saw  one  of  these  gas  turbines  run- 
ning. It  was  stated  to  be  of  1,000  h.p.,  but  when  I 
saw  it  it  was  only  doing  300  h.p.  I  regarded  it  at  that 
time,  however,  as  a  great  step  in  progress  to  have  a 
gas  turbine  doing  even  this  amount  of  power. 

Mr.  'W.  Chaney  :  Some  little  time  back  I  had  a 
similar  problem  to  consider.  It  was  a  question  of 
installing  coke-oven  plant  for  the  supply  of  town's 
gas,  and  the  heating  of  the  ovens  by  means  of  producer 
gas.  I  had  to  travel  verv  much  along  the  same  road 
that  Mr.  Patchell  has  done,  and  can  fully  endorse  his 
figures  as  regards  the  econom.y  in  the  production  of 
electricity  by  means  of  producer  gas,  although  my 
figures  were  arrived  at  in  a  different  manner.     Instead 
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of  using  the  high-pressure  steam  for  the  manufacture 
of  the  producer  gas,  I  intercepted  this  steam  by  gener- 
ating the  electric  current  required  for  the  various  plants 
in  connection  with  the  coke  ovens,  passing  on  the 
exhaust  steam  at  atmospheric  pressure  for  the  manu- 
facture of  the  producer  gas.  Mention  has  been  made 
of  the  increased  cost  of  fuel  and  its  effect  on  the  cost 
of  production  of  producer  gas  ;  it  n^ust,  however,  be 
borne  in  mind  that  one  ton  of  coal  yields  130,000  cubic 
feet  of  producer  gas,  as  compared  with  12,000  cubic 
feet  of  coal  gas  manufactured  by  the  ordinary  gas- 
works practice.  Assuming  the  price  of  coal  has  risen 
from  17s.  to  40s.,  the  production  cost  per  1,000  cubic 
feet  of  coal  gas  has  therefore  increased  by  is.  iid. 
as  compared  with  2d.  for  producer  gas,  the  calorific 
value  of  the  former  gas  being  500  therms,  and  of  the 
latter  130  therms,  per  cubic  foot.  I  do  not  think  it 
was  the  original  intention  of  the  inventor  of  producer 
gas  (Dr.  Mond)  to  use  the  best  coal,  and  I  believe  that 
the  war  has  taught  us  a  great  deal  as  to  what  fuels 
may  be  employed  in  the  manufacture  of  producer  gas. 
In  my  own  case  I  have  found  it  possible  to  dilute  the 
coal  by  means  of  coke  dust,  and  by  employing  30  per 
cent  of  this  dust  to  obtain  a  yield  of  65  lb.  of  ammonia 
per  ton  of  fuel  gasified.  It  has  been  my  own,  and  I 
think  it  is  general,  experience  that  low  calorific  gases 
are  not  economical  when  employed  for  the  production 
of  steam  in  Lancashire  boilers.  Mr.  Fowles  has  pointed 
out  that  there  are  large  quantities  of  waste  gases  that 
might  be  added  to  the  national  power  supply,  and  I 
would  suggest  that  large  cities  and  towns  within  the 
economic  area  of  existing  coke  ovens  or  blast  furnaces 
should  be  compelled  to  utilize  the  surplus  gases  from 
such  plants. 

Mr.  F.  H.  Preece  :  The  question  of  cleaning  gas 
is  of  as  much  importance  to  the  boiler  man  as  it  is 
to  the  gas-engine  maker.  I  confess  that  I  do  not 
understand  Mr.  Fowles's  attitude  as  to  the  question 
of  firing  boilers  with  gas.  It  seems  to  me  that  in  many 
ways  his  figures  are  rather  misleading.  He  states 
that  it  is  very  bad  policy  to  "  gas-fire  "  boilers.  I 
do  not  agree  with  him,  nor  apparently  do  many  blast- 
furnace managers  from  the  way  they  are  continually 
calling  for  boilers  to  be  blast-furnace-gas  fired,  and 
in  very  large  units;  they  are  not  asking  for  10,000  lb. 
evaporation  units,  but  for  30,000  lb.  My  firm  has 
supplied  about  1,250,000  square  feet  of  heating  surface 
within  the  last  15  years.  That  means,  taking  70  per 
cent  load  factor,  practically  about  345,000  lb.  evapora- 
tion per  hour.  Then  again  Mr.  Fowles  has  made  a 
comparison  between  what  he  calls  the  new  and  the 
old  methods.  From  the  way  he  puts  it,  it  looks  as 
if  the  new  method  must  be  the  method  of  using  a  gas 
engine,  and  it  is  only  under  that  condition  that  one 
can  get  a  surplus  power.  But  on  the  old  method, 
he  tells  us  :  "  Under  this  latter  method  " — he  is  speak- 
ing about  the  power  used  for  the  blowers  on  one  fur- 
nace— "  600  h.p.  required  half  a  ton  of  coal  plus  600,000 
cubic  feet  of  gas."  With  blast-furnace  gas  at  100 
therms  we  can  always  depend  upon  i  lb.  evaporation 
for  each  17^  cubic  feet  of  gas.  This  means  that  allow- 
ing, say,  7  lb.  evaporation  per  pound  of  coal,  about 
42,000   lb.    evaporation   is    used    to    generate    600    h.p. 


That  means  70  lb.  per  horse-power.  Mr.  Fowles  has 
shown  on  the  screen  an  interesting  series  of  graphs  ; 
the  top  graph  showed  the  pressure  in  the  gas  main 
for  the  uncleaned  gas  and  the  bottom  one  the  pressure 
for  the  cleaned  gas.  That  has  been  of  great  interest 
to  us  from  the  firing  point  of  view.  All  our  experience 
in  this  country  has  been  with  uncleaned  gas.  We 
find  we  cannot  satisfactorily  use  a  burner  of  the  Bunsen 
type  because  it  gets  blocked  up.  We  use  almost 
entirely  an  external  combustion  chamber  ;  with  this 
external  combustion  chamber  we  have  to  set  our  air 
ports  for  the  higher  pressure  of  the  gas,  but  we  have 
had  the  pressure  vary  from  3  inches  down  to  |  inch 
(water  gauge).  One  can  imagine  what  is  going  to 
happen  with  a  fixed  air  port  with  such  a  variation. 
We  set  the  air  ports  for  about  3  inches  (water 
gauge).  If  we  have  a  steady  pressure  we  get  possibly 
about  70  per  cent  efficiency,  but  if  the  pressure  drops 
to  J  inch  what  is  going  to  happen  ?  It  is  this  variation 
which  has  militated  against  good  efficiency  in  blast- 
furnace gas-firing  over  a  long  run.  Now,  fortunately, 
cleaning  has  come  into  use,  and  I  think  we  shall  find 
shortly  that  all  the  blast-furnace  managers  will 
thoroughly  go  into  the  cleaning  question  and  that  we 
shall  have  clean  gas  delivered  to  the  boilers  and,  as 
shown  by  Mr.  Fowles's  graph,  the  pressure  will  also 
be  kept  within  limits.  Under  conditions  of  clean 
gas,  we  could  arrange  with  Bunsen  burners  for  the 
air  adjustment  to  be  within  fine  limits.  The  pressure 
would  be  fairly  steady  and  the  air  naturally  in  propor- 
tion. We  find  as  a  rule  that  with  uncleaned  gas  we 
can  depend  upon  about  70  per  cent  efficiency  for  boiler 
and  economizer.  That  drops  with  dirty  gas  after 
about  48  hours,  supposing  dusting  is  not  done  at 
regular  intervals,  to  about  63  per  cent.  With  cleaned 
gas  we  see  absolutely  no  reason  why  we  should  not 
get  78  per  cent.  Probably  on  test  we  should  get  a 
higher  figure,  and  with  such  an  efficiency  gas-fired 
boilers  coupled  with  turbo-blowers  or  turbo-generators 
would  give  as  good  a  running  efficiency  as  do  some 
large  coal-fired  stations,  because  in  all  these  steelworks 
the  load  factor  will  be  very  good.  I  should  like  to 
refer  to  one  point  about  the  Halberg-Beth  system 
which  from  the  boiler-firing  point  of  view  is  a  dis- 
advantage, namely  the  cooling.  A  fair  proportion  of 
the  sensible  heat  is  lost.  I  understand  we  have  to 
cool  to  somewhere  about  180°  F.  That  is  going  to  be 
a  considerable  loss  in  firing.  It  is  going  to  reduce 
the  combustion-chamber  temperature  considerably.  I 
believe  that  on  the  electrical  principle  they  can  clean 
and  deliver  with  the  exit  temperature  from  the  blast 
furnace  about  600°  or  700°  F. 

Mr.  L.  Andrews  :  1  have  compared  some  of  the 
results  Mr.  Patchell  has  achieved  with  the  predictions 
contained  in  a  paper  read  by  my  colleague  (Mr.  R. 
Porter)  and  myself  before  this  Institution  about  11 
years  ago,  advocating  a  combination  of  gas  engines 
and  ammonia-recovery  producers  for  generating  electric 
power.  I  have  also  compared  the  thermal  efficiencies 
of  both  steam  and  gas  plants  recorded  in  our  paper 
with  the  up-to-date  results  Mr.  Patchell  now  records. 
The  comparative  results  tabulated  below  show  that 
not  only  have  our  estimated  costs  of  running  gas  plants 
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been  greatly  improved  upon,  but  also  that  even  greater 
improvements  have  been  effected  in  the  thermal  effi- 
ciency of  steam  plants. 

Gas  Engine  Plants. 


igog  Paper 

Mr.  Palchell 

Assumed  plant  factor 

82% 



Actual  plant  factor  .  . 



73-6 

Estimated  gross  coal  per  unit 

2-l81b. 

— 

Actual  gross  coal  per  unit   .  . 



1-7  lb 

Thermal   efficiency    recorded 

15% 

19-9% 

Steam  Plants. 

Max.    thermal   efficiency   re- 

corded 

9-63% 

18% 

Average    thermal     efficiency 

(20  power  plants)  .  . 

6-83% 

— 

Average  thermal  efficiency  (6 

power  plants) 

— 

11-83% 

Average    thermal    efficiency, 

all  British  plants   . . 

4% 

9% 

In  view  of  the  greatly  improved  economy  in  steam 
plants  recorded  above,  due  largely  to  the  use  of  much 
larger  steam-turbine  units,  it  is  now,  in  my  opinion, 
more  difficult  to  make  out  a  good  case  for  the  use  of 
large  gas  engines  in  large  electricity-supply  stations 
than  it  appeared  to  be  when  we  read  our  paper.  In 
fact,  I  entirely  agree  with  the  author's  general  sum- 
mary that  :  "  For  huge  plants  the  steam  turbine  has 
no  competitor."  I  think,  however,  Mr.  Patchell  has 
made  it  very  clear  that  for  such  installations  as  he 
has  described  there  is  a  big  field  for  the  use  of  gas 
engines  combined  with  ammonia-recovery  plants. 

Mr.  H.  M.  Ridge  :  Mr.  Fowles  refers  to  the  question 
of  pre-cooling  for  which,  on  the  plant  with  which  he 
is  connected,  water  is  at  times  used  in  direct  contact 
with  the  gas.  It  is  undesirable  to  raise  the  humidity 
of  the  gas,  quite  apart  from  the  trouble  it  causes  in 
the  Halberg-Beth  filter  plant  There  is  a  good  deal 
of  difficult}'  about  the  cooling  of  the  gas,  because  with 
an  average  temperature  of  the  gas  from  the  various 
blast  furnaces  in  the  country,  somewhere  between 
212°  C.  and  300°  C,  a  very  large  volume  has  to  be 
cooled  down  to  below  110°  C,  and  preferably  to  about 
100°  C.  In  spite  of  the  number  of  heat  units  to  be 
removed  and  wasted,  on  balance  the  result  is  distinctly 
in  favour  of  this  method  of  gas  cleaning.  The  Halberg- 
Beth  plant  was  first  used  in  Lorraine,  where  the  con- 
ditions are  entirely  different.  There  Minette  ores  are 
charged  into  the  blast  furnace  without  drying  or 
calcination,  and  consequently  the  amount  of  moisture 
present  is  very  large  ai\d  frequently  excessive.  While 
qver  there  last  month,  I  found  so  much  moisture  present 
that  water  was  dripping  from  the  mains  in  which  the 
gas  passes  to  the  drj'-cleaning  plants.  No  cooling  was 
required  but,  on  the  contrary,  an  appreciable  amount 
of  heating  of  the  gas  was  necessary'  before  it  could  be 
filtered  for  the  removal  of  the  dust.  In  spite  of  that 
the  Halberg-Beth  dry-cleaning  plants  have  made  con- 
siderable progress  in  the  Lorraine  district,  and  it  will 
be  of  interest  to  recall  the  practice  of  Hagondange, 
one  of  the  newest  iron-  and  steel-works  there.  They 
have   six  blast    furnaces,   a  number  of  steel   furnaces. 


complete  rolling-mills,  and  roll  steel  sections.  The 
whole  of  that  plant  is  run  without  the  use  of  a  single 
gas  producer,  depending  entirely  upon  electric  power 
generated  from  dry-cleaned  gas,  there  being,  after  the 
utilization  of  the  gas  necessary  for  the  stoves  of  six 
blast  furnaces,  sufficient  surplus  to  heat  the  steel 
furnaces — of  course  in  addition  to  the  blowing  engines 
and  the  power  required  for  blast  furnaces — but  to 
supply  ample  power  for  the  rolling-mills  and  to  leave 
a  margin  from  which  the  surrounding  district  is  sup- 
plied with  light  and  some  power.  As  a  consequence 
of  the  present  conditions  prevailing  in  Lorraine, 
with  the  acute  shortage  of  fuel,  a  large  number  of  blast 
furnaces  were  shut  down.  Hagondange  is  barely  able 
to  work  two  furnaces  out  of  six,  and  as  a  consequence 
they  do  not  get  enough  surplus  gas  to  run  their  plants 
efficientlv,  so  that  their  rolling-mills  can  only  work 
intermittently.  Mr.  Woodhouse  has  referred  to  the 
position  in  this  country-,  and  a  number  of  speakers 
have  dealt  with  his  remarks.  I  should  like  to  carry 
the  matter  a  stage  further.  1  have  mentioned  one 
particular  instance  in  Lorraine.  I  could  give  a  whole 
series  of  similar  instances  in  Lorraine  and  other  parts 
of  the  Continent.  Here,  on  the  other  hand,  we  have 
a  number  of  blast-furnace  works  even  without  steel- 
works and  without  an  outlet  of  their  own  for  elec- 
tricity, where  coal  is  still  being  burnt  under  boilers 
to  generate  steam.  The  reason  is  interesting.  The  gas 
from  the  blast  furnace  is  laden  with  dust  and  so  dirty 
that  the  boiler  efficiency  is  very  appreciably  reduced 
after  only  2  or  3  hours  of  work,  and  to  obtain  enough 
steam  the  ironmasters  have  to  fall  back  upon  coal 
firing.  The  flues  of  the  boilers  are  nominally  cleaned 
out  once  a  week,  but  that  work  is  seldom  done  thoroughly, 
and,  even  if  it  were  done  properly,  the  results  would 
onlv  improve  for  a  few  minutes.  However,  that  is 
not  the  worst,  because  in  some  blast-furnace  plants  in 
this  country  we  still  have  open-topped  furnaces  where 
the  whole  of  the  gas  is  wasted.  Another  phase  of  the 
question  of  using  uncleaned  gas  is  that  it  has  dele- 
terious effects  on  the  blast-furnace  working.  A  large 
quantity  of  gas  has  to  be  burned  in  the  stoves  for 
pre-heating  the  blast.  I  have  recently  gone  through 
the  records  of  one  of  the  works  in  this  country,  where 
the  average  life  of  the  brickwork  of  the  stove  is  3J  to 
4  months,  necessitating  not  only  a  large  amount  of 
new  brickwork,  but  also  an  enormous  waste  of  labour 
for  relining  and  packing.  This  is  caused  by  the  highly 
corrosive  action  of  the  potash  and  other  salts.  In 
other  works  in  the  country  using  the  Halberg-Beth 
system,  stoves  have  to-day  been  in  continual  use  for 
over  2\  years  and  are  still  in  good  condition.  In 
another  case  they  have  been  in  use  for  a  longer  period 
without  ever  having  been  touched.  That  is  important, 
but  from  the  electrical  supply  point  of  view  the  question 
has  to  be  carried  further,  because  with  the  cleaned 
gas  we  get  a  higher  combustion  temperature  in  the 
stove,  so  that  a  much  smaller  quantity  of  gas  is  required 
and  a  large  amount  remains  available  for  use  in  gas 
engines  and  for  power  supply.  The  author  repeatedly 
mentions  1,000,000  cubic  feet,  but  this  is  not  to  be 
taken  as  a  standard  hourly  production  of  gas  per 
furnace.     There     are     many     furnaces     working     with 
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1,500,000  cubic  feet  per  hour  and  more.  I  would  ask 
him  a  question  regarding  his  analysis  of  gas-engine 
exit  gas,  in  which  I  think  I  am  right  in  saying  he  quotes 
8-3  per  cent  oxygen  as  being  present,  which  would 
correspond  to  a  surplus  of  approximately  40  per  cent 
of  air.  Is  that  due  to  insufficient  mixing,  or  is  it  due 
to  an  attempt  to  reduce  the  temperature  in  the  gas 
engine  by  an  excess  of  air  ?  I  would  also  ask  Mr. 
Patchell  about  his  figures  of  producer-gas  analysis. 
He  shows  an  average  of  15-8  per  cent  COj  and  26-6 
per  cent  of  hydrogen.  Perhaps  he  will  tell  us  how 
the  ammonia  recovery  was  affected  by  a  smaller 
quantity  of  COj  in  the  gas  and  a  decreased  amount 
of  hydrogen. 

Mr.  T.  M.  Hunter  (conr.numcated)  :  Mr.  Fowles  has 
described  one  of  the  most  modern  blast-furnace  power 
plants  in  this  country.  The  conditions  of  the  power 
plant  before  the  alteration  were  evidently  among  the 
worst  in  the  country.  It  would  be  interesting  if  the 
author  would  give  some  notes  on  the  difficulties  encoun- 
tered in  running  the  plant,  and  on  any  accidents  which 
have  occurred.  At  one  ironworks  in  the  North — 
possibly  the  plant  described — it  is  understood  that  the 
whole  power  plant  was  brought  to  a  standstill  for  a 
number  of  hours  through  all  the  dust  bags  in  the  gas- 
cleaning  plant  being  clogged  up  simultaneously  with 
mud,  due  to  deposition  of  moisture  out  of  the  gas. 
The  possibility  of  such  an  accident  is  a  serious  thing 
to  have  to  face.  The  cleaning  of  blast-furnace  gas  is 
still  in  its  infancy.  New  processes  are  continually 
being  evolved.  The  Halberg-Beth  process  gives  at 
present  the  greatest  degree  of  cleaning — making  the 
gas  considerably  cleaner  than  is  needed  for  use  in  stoves 
and  boilers.  The  cost  of  the  plant,  and  of  the  power 
required  to  run  the  plant,  is  higher  than  that  of  any 
other  system.  Another  disadvantage  of  this  system 
is  that  the  gas  must  be  cooled  to  about  70°  C.  Gas 
must  in  any  case  be  cooled  before  it  can  be  used  in  gas 
engines,  but  it  is  an  advantage  to  have  the  gas  hot 
when  it  is  to  be  used  in  boilers  and  stoves.  Knowing  . 
that  the  gas  is  supplied  from  a  blast  furnace  at  any- 
thing up  to  400°  C.  or  even  more,  and  that  the  sensible 
heat  in  the  gas  amounts  to  from  10  per  cent  of  the 
total  calorific  value  at  250°  C,  to  i6\  per  cent  of  the 
calorific  value  at  400°  C,  we  see  what  a  loss  is  involved 
in  this  system  of  cleaning  the  gas.  Comparing  the 
power  raised  by  the  use  of  cleaned  cooled  gas  in  gas 
engines,  and  that  raised  by  the  use  of  hot  cleaned  gas 
burned  efficiently  in  boilers  supplying  modern  steam 
turbines,  it  is  found  that  the  amount  of  sensible  heat 
which  is  lost  in  the  former  method  is  almost  enough 
to  make  up  the  difference  in  overall  efficiency  between 
the  two  schemes.  This  assumes  that  an  efficiency  of 
over  80  per  cent  is  got  in  the  boiler  plant,  and  this 
efficiency  can  be  confidently  expected.  A  recent 
installation  at  an  ironworks  in  the  Midlands  consists 
of  three  large  Lancashire  boilers  fitted  with  special 
gas  burners.  Superheaters  and  economizers  are  also 
fitted  and  uncleaned  hot  gas  is  burned.  The  boilers 
supply  steam  at  160  lb.  pressure  and  75  degrees  C. 
superheat,  to  a  turbine  blowing-engine.  The  full 
tests  of  the  combined  plant  have  not  yet  been  com- 
pleted :    but  tests  which  I  made  upon  the  steam-raising 


section  of  the  installation  showed  an  efficiencjf  of  about 
78  per  cent,  taken  over  boilers,  superheaters,  and 
economizers.  This  was  reached  while  still  using  un- 
cleaned gas  ;  but  the  burners  are  specified  as  being 
suitable  for  the  use  of  hot  cleaned  gas,  when  the  pro- 
posed electrical  gas-cleaning  plant  has  been  installed. 
The  use  of  cleaned  gas  will  give  a  considerable  improve- 
ment in  this  installation  :  but  of  course  the  best  results 
would  be  attained  when  using  large  water-tube  boilers, 
owing  to  the  saving  in  radiation  and  other  losses.  The 
gas-cleaning  plants  at  present  available,  which  give 
cleaned  gas  without  reducing  its  temperature,  are  the 
Lodge,  the  Cotterell,  both  electrostatic  plants,  and  the 
Kling-Weidlein  plant.  The  latter  consists  of  a  filter 
made  of  a  mattress  of  fine  steel  turnings,  suitably 
compressed,  through  which  the  gas  is  passed,  and  the 
mattress  is  mechanically  shaken  at  intervals  to  throw 
the  dust  into  the  hoppers  below.  This  plant  is  the 
cheapest  of  all,  and  requires  the  least  power  to  run. 
Should  it  prove  satisfactory  upon  prolonged  trial,  it 
will  bring  cleaning  of  gas  within  the  reach  of  every  iron- 
works. Of  course,  hot  cleaning  of  gas  leaves  in  the  gas 
all  the  moisture  which  enters  the  furnace  with  the  ore, 
and  in  some  cases  this  is  a  serious  matter.  It  is  very 
much  easier  to  extract  this  moisture  before  the  ore 
enters  the  furnace  than  to  get  it  out  of  the  gas  later. 
In  the  Middlesbrough  district  some  firms  are  putting 
in  plant  to  dry  their  ores,  their  primary  object  being 
to  attain  the  greater  economy  in  coke  which  is  possible 
if  no  moisture  is  present  in  the  furnace.  Another 
point  not  touched  upon  by  the  author  is  that  of  the 
savings  to  be  made  at  the  Cowper  stoves  by  the  use 
of  cleaned  gas.  He  assumes  40  per  cent  of  the  total 
gas  made  as  required  at  the  stoves  :  but  this  figure 
can  be  reduced  to  at  most  33  per  cent  with  cleaned 
gas  and  modern  gas  burners,  and  this  shows  a  further 
very  large  saving.  It  is  very  possible  that  a  consider- 
able proportion  of  the  saving  made  by  the  new  installa- 
tion should  be  credited  to  the  saving  made  at  the  stoves, 
although  apparently  no  measurements  have  been  taken 
there.  One  other  matter  should  be  brought  before 
engineers  who  are  looking  to  blast-furnace  plants  as 
a  source  of  steady  power  supply  from  surplus  gas. 
It  is  quite  impossible  to  compare  a  blast-furnace  plant 
as  a  source  of  power  from  surplus  gas,  with  a  large 
producer  plant,  even  if  the  blast-furnace  plant  consists 
of  a  number  of  furnaces.  It  is  well  known  to  all  who 
have  to  do  with  blast-furnace  plants  that  the  quantity 
and  quality  bi  gas  vary  very  greatly  from  day  to  day, 
depending  on  the  kind  of  iron  made,  on  the  state  of 
the  furnaces,  and  on  the  peculiarities  in  working  of 
the  furnaces.  The  effect  of  bad  working  of  the  furnaces 
is  easily  seen  in  an  old-fashioned  plant.  The  gas 
pressure  falls  in  all  the  mains.  Steam  pressure  falls. 
The  quantity  of  blast  supplied  to  the  furnaces  is  therefore 
reduced,  and  the  output  of  iron  falls  off.  In  the  modern 
plant,  having  at  all  times  surplus  power,  there  would 
never  be  this  reduction  of  output  due  to  lack  of  blast  ; 
but  it  would  still  be  impossible  to  avoid  the  loss  of 
power  due  to  the  variations  in  the  quantity  and 
quality  of  gas  available  ;  and  the  difficulty  from  the 
power  engineer's  point  of  view  is  that  he  must  bear 
the  whole  of  this  variation  at  his  power  plant.     If  he 
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uses  gas  engines  he  is  helpless  ;  but  if  he  uses  steam 
turbines  he  can  supplement  his  steam  supply  by  coal- 
firing.  In  a  modern  installation  with  large  water-tube 
boilers,  mechanical  stokers  could  be  fitted,  which  could 
be  quickly  started  whenever  necessary.  This  would 
avoid  the  great  difficulty  of  providing  labour  for  tempo- 
rary, and  perhaps  frequent,  hand-firing  operations. 
From  meeting  very  many  blast-furnace  engineers,  I 
am  certain  that  power  plants,  to  take  surplus  gas  or 
steam,  will  be  anything  but  welcome  to  them.  In 
one  case,  whenever  the  furnaces  were  working  badly 
and  too  little  low-pressure  steam  could  be  supplied, 
high-pressure  steam  from  the  works'  boilers  had  to  be 
supplied  to  make  up  the  deficiency,  and  this  was  a 
very  common  occurrence.  So  bad  is  the  case,  that  the 
output  of  iron  from  the  works  is  seriously  reduced  as 
a  consequence  of  shortage  of  steam,  although,  all  the 
time,  coal-firing  is  being  used  to  supplement  the  steam 
raised.  This  is  anx'thing  but  a  modem  plant,  but  it 
gives  an  example  of  what  is  really  a  misuse  of  the  power 
from  a  blast-furnace  plant,  under  the  misnomer  of 
"  surplus  power." 

Mr.  N.  E.  Rambush  [communicated)  :  Being  inti- 
mately connected  \vith  the  building  and  working  of 
the  Lymn  power-gas  plant  at  Chelmsford,  I  have  no 
special  comments  to  make  upon  Mr.  Patchell's  paper, 
as  it  stands.  In  my  opinion  the  results  of  the  Hoffmann 
installation  prove  that,  from  the  point  of  view  of  thermal 
ef&ciencv,  power  production  by  means  of  producer 
gas  has  not  yet  been  placed  in  the  background  by  any 
other  power  motor.  In  times  like  these  where  it  is 
necessarj'  to  utilize  every  available  part  of  the  energy 
obtainable  from  our  fuel  supplies,  the  further  possi- 
bility of  increasing  the  thermal  efficiency  of  a  power 
plant  should  not  be  neglected,  and  in  this  connection 
it  may  be  of  interest  if  I  explain  in  which  way  I  think 
further  improvements  can  be  obtained  in  the  overall 
efficiency  of  a  gas-power  plant.  Some  time  ago  I  had 
the  opportunity  of  supervising  some  tests  in  connection 
with  working  gas  engines  using  hot  jacket  water  in 
the  works  of  the  Power-Gas  Corporation  at  Stockton- 
on-Tees.  The  object  of  the  tests  was  to  establish 
whether  it  was  quite  safe  and  easy  to  maintain  constantly 
a  temperature  of  the  cooling  water  in  circulation  in 
the  gas-engine  parts  between  80°  and  90''  C.  It  will 
be  realized  that  if  such  hot  water  can  be  obtained  from 
running  the  gas  engine,  this  water  can  be  used  for 
washing  the  air  going  to  the  producers,  thus  saturating 
this  with  water  vapour  :    the  hot  jacket  water  having 


thus  been  cooled  the  water  can  again  be  used  for  cooling 
the  gas-engine  parts.  For  instance,  with  a  properly 
designed  air  saturator  of  the  Lymn  type,  hot  water 
at  90°  C.  will,  if  present  in  sufficient  quantities,  enable 
a  blast  saturation  temperature  of  about  85°  C.  to  be 
obtained.  The  amount  of  heat  absorbed  by  the  cooling 
water  of  gas  engines  varies  with  the  type  of  engine 
in  use,  but  it  is  generally  not  below  25  per  cent,  and  not 
above  40  per  cent,  of  the  heat  which  is  contained  in 
the  gas  supplied.  If  therefore  this  quantity  of  heat 
can  be  obtained  in  the  shape  of  water  at  90°  C,  all 
the  steam  required  for  a  by-product  producer-gas 
plant  can  be  obtained  from  the  circulation  water, 
without  the  aid  of  either  exhaust  gas  or  direct-fired 
boilers.  The  experiment  carried  out  in  Stockton  was 
to  prove  whether,  by  circulating  the  water  through  the 
jackets  at  a  very  much  quicker  rate  than  is  the  usual 
practice,  it  would  be  possible  to  maintain  the  gas  engine 
in  proper  working  condition.  A  loo-h.p.  horizontal 
National  gas  engine  was  worked  for  about  one  month, 
the  jacket  water  being  circulated  between  the  gas 
engine  and  an  open  tank,  part  of  the  water  being  run 
away  to  maintain  the  jacket  water  at  a  constant 
temperature.  The  experiments  established  beyond 
doubt  that  during  working  it  was  quite  safe  and  easy 
to  maintain  constantly  a  jacket  water  temperature  of 
80°  to  90°  C.  Several  times  during  the  experiment 
the  engine  piston  was  withdrawn  and  no  traces  oi 
carbonized  oil  were  found  on  any  of  the  internal 
surfaces.  The  advantages  of  utilizing  hot  jacket  water 
in  an  air  saturator,  saturating  the  air  blast  for  by- 
product producer,  will  be  obvious,  since  the  steam  from 
the  exhaust  gas  boilers  will  then  not  be  required  for 
the  gas  producers  and  may  be  available  for  generating 
further  power.  In  other  words,  by  installing  a  com- 
bined gas  and  steam  power-station  fitted  with  gas 
engines  with  exhaust  gas  boilers,  the  steam  from  which 
is  used  in  condensing  turbines,  the  total  power-produc- 
tion capacity  of  the  station  could  be  increased  by  10 
to  15  per  cent  without  the  cost  of  any  extra  fuel. 
The  extra  cost  in  adding  a  jacket-water  circulation 
plant  will  be  negligible  in  such  cases  where  the 
gas  engines  are  fitted  with  water-cooling  plant  and 
water-circulation  pumps,  since  the  air  saturator  would 
itself  form  a  water-cooling  plant  for  the  jacket  water. 


[The  authors'  replies  to  this  discussion  will  be  found 
on  pages   458  and  460  respectively.] 


Tees-side  Sub-Centre,  at  Middlesbrough,  S  March,  1920. 


Mr.  R.  H.  A.  Coulson  :  In  regard  to  the  consumption 
of  coal,  Mr.  Fowles  must  admit  that  there  is  very  great 
room  for  improvement,  for  he  mentions  something  like 
80  tons  of  good  coal  being  used  per  week  for  the  boilers 
on  one  furnace.  That  means  240  tons  per  week  with 
three  furnaces  blowing,  and  I  think  that  would  so 
scare  most  blast-furnace  people  that  they  would  have 
taken  some  steps  to  obtain  the  results  described  in  the 
paper.  I  saw  the  gas  engines  tested  and  I  was  very 
much  impressed  by  their  excellent  running.     The  author 
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has  described  the  Halberg-Beth  gas-cleaning  plant. 
The  capital  outlay  is  very  large  and  there  has  not  been 
an  adequate  return  on  it  as  far  as  blast  furnaces  are 
concerned.  Electrical  engineers  have  perhaps  not 
realized  that  blast-furnace  gas  is  such  a  valuable  asset, 
and  we  have  confined  ourselves  mainly  to  the  steam 
plant  ;  and  if  there  is  an  idea  that  the  blast-furnace 
side  should  carry  the  capital  expenditure  which  is 
involved  in  the  distribution  mains  for  their  own  elec- 
tricity supply,  I  do  not  think  the  blast-furnace  people 
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DISCUSSION    ON 


are  prepared  to  face  thaf  at  the  present  moment.  It 
seems  from  the  paper  that  in  the  author's  case  there  is 
a  pubhc  supply  company  whose  large  stations  could 
be  used  to  deal  with  the  week-end  load  and  thus  efifect 
a  great  saving  of  fuel  and  wages.  That  is  a  point  which 
electrical  engineers  want  to  take  very  much  to  heart. 
With  regard  to  the  balance  sheet  at  the  end  of  the 
paper,  relating  to  a  comparison  of  303  electricity  works 
and  the  estimated  waste  gases  of  50  blast-furnace  plants, 
the  author  assumes  the  capital  cost  per  kilowatt  of 
plant  capacity  at  ■£(>■]  *  in  the  case  of  the  electricity  works 
and  £iTy  in  the  case  of  the  blast  furnace,  which  he 
qualified  by  saying  that  it  was  a  pre-war  figure.  We 
were  accustomed  to  figures  nearer  £(>  than  £6y.  My 
experience  of  gas  engines  is  that  £i'/-']  per  kilowatt  is 
a  very  low  figure,  and  I  should  like  to  know  whether 
it  includes  the  cost  of  installing  a  gas-cleaning  plant 
or  whether  it  refers  merely  to  the  gas  engine.  It  is 
very  pleasing  to  me  to  know  that  such  excellent  results 
have  been  obtained  with  gas  engines.  I  myself  have 
very  strongly  advocated  gas  engines  for  all  purposes, 
but  I  am  still  doubtful  regarding  their  use  for  electrical 
generation,  because,  up  to  now,  the  size  of  the  units  is 
so  small  compared  with  a  large  turbine  installation  that 
it  is  very  questionable  whether  modern  turbines  and 
boilers  might  not  be  desirable  for  the  generation  of 
power,  concentrating  on  the  gas  engine  itself  for  blowing 
purposes.     The  whole  matter  turns  upon  the  cost. 

Mr.  H.  Hobson  :  I  think  evenione  will  agree  with 
Mr.  Fowles  when  he  points  to  the  importance  of  using 
blast-furnace  gas  much  more  fully  and  efi&ciently  than 
has  been  done  in  the  past,  and  there  is  now  general 
agreement  that  some  form  of  cleaning  is  essential, 
whether  the  gas  is  to  be  used  in  gas  engines  or  under 
boilers  for  turbines.  I  was  very  pleased  to  hear  Mr. 
Coulson's  remarks  on  the  question  of  gas  engines  versus 
turbines,  and  I  agree  with  him  when  he  says  that  for 
blowing  engines  there  is  a  very  good  case  indeed  to  be 
made  out  for  gas  engines  at  the  present  time,  but  I 
should  hesitate  to  go  quite  as  far  as  Mr.  Fowles  when 
it  comes  to  a  question  of  electrical  generation.  There 
are  one  or  two  points  in  the  paper  which  make  one  a 
little  doubtful.  For  instance,  I  notice  they  have  in- 
stalled, at  the  works  described,  seven  gas-engine  sets, 
each  of  1,000  kw.  capacity,  and  that  the  average  number 
of  sets  working  is  four.  It  would  therefore  appear 
that  their  experience  has  led  them  to  think  it  necessar\' 
for  safety  to  install  about  75  per  cent  of  spare  plant. 
That  does  not  seem  to  agree  with  the  author's  figures 
of  plant  capacity  given  in  Table  8,  which  suggest 
that  the  generating  plant  installed  for  50  blast- 
furnace plants  is  very  much  less  than  what  would  be 
required  at  the  303  generating  stations  dealing  with 
the  same  total  output.  I  should  have  thought,  at  the 
present  stage  of  gas-engine  design,  that  quite  as  much 
spare  plant — if  not  rather  more — would  be  desirable. 
It  is  not  quite  clear  what  therms  per  horse-power 
the  author  uses  in  his  calculations.  In  one  place  on 
page  432  he  fays  74,560,000  therms  will  give  6,500  h.p. 
(which  I  take  to  be  brake  horse-power)  in  modern  gas 
engines,  tut  he  says  a- httle  lower  down  that  800  h.p. 
requires  i5^6oo-,ooo  therms,  while  a  line  or  two  further 

•  Sinc6  corre'cted." 


on  150  cubic  feet  of  gas  are  stated  to  be  equivalent  to 
I    kw.-hour.     These  three  statements  lead   me   to   the 
conclusion  that  i  b.h.p.  in  modern  gas  engines  requires 
(i)    11,500  therms,    (2)    18,750    therms,  and   (3)    10,700 
therms  ;  and  much  of  what  follows  in  the  paper  depends 
on    which    of    these    figures    is    taken    as    correct.     On 
page   431    the   author    states    that    the    proportion   of 
gas   required  for  the   stoves  under   the   old   method   is 
about  40  per  cent.     On  page  432.  under  the  heading  of 
"  New  Method,"  he  has  taken  the  same,   40  per  cent 
of  gas  for  the  stoves.     I  have  always  understood  that 
the  figure  for  ordinary  uncleaned  gas,  making  allowance 
for  loss  due  to  pressure  regulation  and  so  on,  was  more 
like  50  per  cent  of  the  gas.     On  the  other  hand,  40  per 
cent  is  a  fairly  generous  figure  to  take  when  we  have 
clean  gas,  so  that  the  author  might  really  have  made 
more   capital  out  of  this  point  in  his   comparison.     I 
should  like  in  conclusion  to  ask  one  or  two  questions. 
Can  the  author  give  the  actual  maximum  number  of 
continuous  hours  running  which  he  has  obtained  from 
any  one  gas-engine  generator,  and  also  the  total  running 
hours  per  annum  of  each  generator  set  and  the  normal 
load  at  which  each  works  ?     These  points  are  of  import- 
ance because  I  have  an  impression  that,  whereas  high- 
speed engines  may  run  quite  satisfactorily  for  a  day,  or 
possibly   two   days,   on   full   load   thev   have   not   been 
found  to  run  week  in  and  week  out  in  the  same  way 
that  a  turbine  can  do.     There  is  also  one  point  with 
regard  to  the   Halberg-Beth  plant.     I    notice   that   the 
gas  is  cooled  in  pre-coolers  first  and  after  that  again 
heated  in  a  pre-heater.     The  author  did  not  mention 
how  that  pre-heater  is  heated.     It  occurred  to  me  in 
looking  at  the  diagram  that  the  pre-heater  might  be 
designed  on  the  lines  of  certain  coke-oven  by-product 
plants  as  a  heat  exchanger,  that  is,  one  could  use  some 
of  the  heat  from  the  dirty  gas  to  re-heat  the  clean  gas 
after  going  through  the  pre-cooler. 

Mr.  E.  Hall-Brown  :  The  paper  seems  to  advocate 
increased  economy  in  the  use  of  gas  in  iron  and  steel 
works,  and  that  the  gas  so  saved  ought  to  be  used  to 
reduce  the  week-end  load  in  our  power  stations.  I  am 
afraid  if  I  were  a  power  engineer  and  responsible  for 
the  running  of  a  power  station,  I  should  want  my 
Sunday  load  as  well  as  my  week-day  load  in  order  to 
keep  down  the  costs.  Is  it  suggested  that  the  steel- 
works are  to  run  the  whole  of  their  generating  plant  to 
its  full  load  on  Sunday  ?  If  so,  when  are  they  going 
to  overhaul  and  repair  their  plant  ?  There  is  this  to 
be  remembered,  that  the  gas  engines  described  in  the 
paper  are  engines  which  are  easy  to  run  ;  they  have 
small  cylinders  and  run  at  a  fairly  high  speed.  I  have 
always  held  the  opinion  that  any  type  of  internal- 
combustion  engine  will  give  comparatively  little  trouble 
provided  the  size  of  the  units  is  small.  If  we  have  a 
number  of  12-inch  cylinders  forming  a  1,000  kw.  engine 
we  are  well  within  a  manageable  size.  When  we  come 
to  large  cylinders,  however,  our  troubles  are  very 
much  increased.  It  is  the  old  story  of  the  motor-car 
engine  which  neither  wants  very  much  cooling  nor  very 
much  attention.  If  we  keep  to  12  in.  to  15  in.  cylinders 
we  escape  many  troubles,  whereas  in  a  very  large  engine 
we  have  to  face  mechanical  and  metallurgical  problems 
which  increase  in  difficulty  with  the  increase  in  dimen- 
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sions,  and  the  cost  of  the  engine  per  unit  of  power 
developed  is  increased  enormously.  I  think  it  was 
Sir  Dugald  Clerk  who  pointed  o'ut  that  large  gas  engines 
never  could  be  made  to  pay  the  manufacturer  so  well 
as  small  ones,  and  he  is  reported  to  have  said  that  while 
he  was  connected  with  any  gas-engine  manufacturing 
concern  they  never  would  make  large  units.  From 
the  fact  that  the  National  engines  described  in  the 
paper  are  of  small  dimensions  I  gather  that  he  is  still 
of  the  same  opinion.  I  am  very  sorry  indeed  to  say 
that  to  my  mind  the  internal  combustion  engine  of 
to-day  is  an  extremely  imperfect  tool  ;  even  so,  it  is 
not  to  our  credit  as  engineers,  and  still  less  to  our  credit 
as  ironfounders,  that  we  cannot  make  large  gas  engines 
so  well  in  this  country  as  they  are  made  on  the  Conti- 
nent. It  is  probably  a  question  as  much  for  the  foundry  i 
people  as  for  engineers,  but  beyond  and  above  that 
the  important  fact  must  be  realized  that  a  gas  engine 
of  large  power  is  not  a  possible  proposition.  When  we 
compare  a  turbo-electric  generating  set  of  35,000  kw. 
capacity  with  the  number  of  gas  engines  that  would  > 
be  necessary  to  develop  the  same  power,  we  shall  at 
.once  realize  that  a  big  power  station  for  generating  1 
purposes  is  not  at  present  a  possibility.  ' 

Mr.  A.  H.  W.  Marshall  :  The  paper,  it  seems  to  i 
me,  lacks  comprehensiveness  in  that  Mr.  Fowles  does 
not  give  us  a  complete  description  of  the  works  or  the 
fuel  requirements  generally.  For  instance,  he  omits 
to  say  whether  any  of  the  gas  is  used  for  heating  the 
steel  furnace,  or  whether  coal  is  used  on  the  boilers  , 
for  producing  steam  for  the  rolling  mills,  or  whether 
there  are  any  steam-driven  mills.  Without  such 
information  one  cannot  come  to  any  definite  conclusion  ' 
as  to  the  commercial  value  of  the  surplus  gas.  Then, 
again,  the  comparison  which  he  makes  at  the  end 
between  the  surplus  heat  of  a  number  of  blast  furnaces  ( 
and  the  requirements  of  303  electricity  works,  seems 
to  me  to  be  only  a  comparison.  He  surely  does  not 
advocate  that  the  gas  should  be  used  to  displace  the 
coal  consumed  at  these  electricity  works.  If  so,  where 
is  the  power  to  come  from  for  the  blast-furnace  aux- 
iliaries— the  steelworks  and  so  on.  It  is  generally  [ 
understood  that  if  the  gas  from  the  coke  ovens  and  [ 
blast  furnaces  is  properly  used  on  the  steel  plant — 
and  in  a  few  years  time  there  are  not  likely  to  be  many 
isolated  blast  furnaces — there  is  practically  no  surplus 
at  all.  That  is  to  say,  if  we  take  all  our  gas  to  the 
steel  furnaces  and  soaking  pits  and  do  all  our  rolling 
electrically,  we  absorb  practically  all  the  power  that 
can  be  got  from  out  blast  furnace  and  coke-oven  gas, 
however  efficiently  it  is  used.  I  cannot  make  out 
whether  the  load  curve  shown  in  the  paper  deals  with 
all  the  requirements  of  the  steel  plant.  For  instance, 
taking  Fig.  2,  if  about  1,800  kw.  is  absorbed  by  the 
blowing  engines,  that  leaves  only  about  1,000  or  1,500 
kw.  for  the  rolling  mills.  Then,  again,  the  discrepancy 
in  the  figures  for  the  thermal  efficiencies  of  the  gas 
engine  should  be  cleared  up.  The  author  takes  15,000 
therms  in  one  case  and,  I  think,  24,000  in  another. 
It  is  most  imjjortant  that  we  should  ascertain  what  the 
actual  gas-engine  consumption  is  in  practice  with  a 
modem  plant. 

Mr.    A.  E.   Alcock  :   Mr.   Fowles   has    confined   his 


paper  to  rather  narrow  limits.  He  has  made  out  a 
case  for  the  utilization  of  blast-furnace  gas  to  the  fullest 
possible  extent,  but  I  fear  he  has  considered  his  subject 
entirely  from  the  gas-engine  builders'  standpoint.  It 
certainly  ought  to  be  considered  criminal  to-day  to 
waste  blast-furnace  gas.  The  author  has  eulogized  the 
Halberg-Beth  gas-cleaning  system.  At  the  same 
time  it  is  not  by  any  means  agreed  that  it  is  the  best 
system.  Investigations  are  still  being  made,  and  I 
hold  the  opinion  that  the  wet-cleaning  type  is  simpler 
and  better.  In  fact,  in  works  in  this  neighbourhood 
wet -cleaning  plant  is  being  installed  at  the  present 
time.  The  complication  of  the  Halberg-Beth  plant 
is  very  considerable,  entailing  close  supervision  and 
heavy  upkeep.  As  to  the  comparison  between  gas 
engines  and  steam  turbines,  I  think  the  best  case  for 
the  turbine  driven  b}'  steam,  generated  by  blast-furnace 
gas,  is  that  it  has  been  shown  to  be  nearly  equal  to  the 
gas  engine  under  good  conditions — perhaps  not  quite. 
This  applies,  of  course,  to  large  units  with  boiler  pres- 
sures up  to  450  lb.  and  high  superheat.  Personally  I 
am  much  in  favour  of  the  gas  engine,  but  for  the  purpose 
of  argument  I  take  the  other  side  for  the  moment.  I 
am  afraid  the  inefficiency  of  the  old  system  of  utilizing 
the  gas  is  much  exaggerated  by  the  author  when  he 
states  that  to  run  one  engine  of  600  h.p.  on  steam 
raised  by  waste  blast-furnace  gas,  supplemented  by 
coal  firing,  o-6  million  cubic  feet  of  gas  plus  0-5  ton 
of  coal  per  furnace  per  hour  would  be  necessarj',  thus 
making  out  that  a  modern  gas-engine  plant  is  10  times 
as  efficient  as  the  old  steam  engine  and  boiler  plant. 
With  regard  to  the  need  to  supplement  the  gas  by 
coal-firing  the  boilers,  from  my  experience  with  works 
in  this  district  this  is  only  necessary  when  the  furnaces 
are  working  very  irregularly,  and  when  such  is  the  case 
the  effect  on  the  working  of  gas  engines  would  be  dis- 
astrous. The  statement  that  such  an  amount  of  coal 
is  required  is  thus  misleading.  Further,  in  taking  a 
comparison  between  gas  engines  and  turbines  the  very 
heavy  capital  cost  of  the  gas  engines  is  a  factor  which 
must  be  borne  in  mind,  and  they  are  very  sensitive  to 
the  frequent  changes  which  take  place  in  the  blast 
furnace,  especially  where  the  plant  is  a  small  one  (say 
three  furnaces  or  less  in  blast).  ]\Ir.  Marshall  has 
alluded  to  the  fact  that  any  excess  of  gas  from  the  blast 
furnaces  and  coke  ovens  should  be  used  at  the  steel- 
works. He  ought,  however,  to  remember  that  not  every 
blast-furnace  plant  in  this  country  has  a  steelworks 
attached. 

Mr.  J.  R.  P.  Lunn  :  I  should  hke  to  say  a  word  or 
two  with  regard  to  the  reference  made  by  Mr.  Fowles 
to  public  electric  supply  costs.  In  comparing  the  costs 
of  the  303  electricity  works  and  the  estimated  cost  of 
utilizing  the  waste  gases  from  the  50  blast-furnace 
plants,  it  appears  that  the  author  has  taken  the  capital 
cost  of  the  distribution  systems,  as  well  as  that  of  the 
generating  plant,  in  arriving  at  the  figure  of  £6y  *  per 
kilowatt.  Even  including  the  distributing  systems, 
£6y  is  much  too  high  a  figure  unless  the  majority  of 
these  stations  are  small  and  used  principally  for  lighting 
supplies.  In  the  fame  way  the  working  costs  per  unit 
quoted  in  the  paper  probably  include  all  distribution 

*  Since  corrected.  '     ■ 
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costs,  that  is  to  say,  they  are  costs  per  unit  sold,  which 
is  quite  a  different  ligure  from  the  cost  per  unit  generated. 
It  ought  also  to  be  pointed  out  that  a  large  number 
of  very  small  generating  stations  are  running  on  a  bad 
load  factor,  and  this  would  probably  account  for  the 
difference  between  o-Sjd.  and  o-3d.,  which  is  the  cost 
given  for  the  blast-furnace  generating  plant  in  1911-12. 


I  may  say  that  several  steam-driven  generating  stations 
fired  entirely  with  coal  were  generating  at  a  cost  per 
unit  less  than  o-3d.  in  1911-12. 


[Mr.   Fowles's  reply  to  this  discussion  will  be  found 
on  page  460.] 


North-Western  Centre,  at  M.\nchester,  9  M.-vrch,  1920 


Mr.  H.  Pilling  :  Many  electrical  engineers,  and  many 
steam  engineers  also,  have  an  idea  that  the  day  of  the 
large  gas  engine  is  past.  Certainly  that  appeared  to 
be  so  five  or  six  years  ago,  but  duriig  the  war  great 
developments  have  taken  place  in  this  country.  A 
considerable  number  of  large  gas  engines  have  been 
made,  very  largely  because  of  the  cessation  of  German 
competition,  and  the  position  is  now  quite  different. 
There  are  running  in  this  country  a  large  number  of 
engines  of  very  considerable  power,  about  2,000  h.p. 
each,  both  for  electricity  generation  and  for  air  blowing 
for  blast  furnaces,  and  it  seems  clear  from  the  present 
papers  that  considerable  openings  for  development 
exist  with  producer  gas  as  well  as  with  blast-furnace 
gas.  Messrs.  Gallowaj's  have  had  no  special  experience 
of  producer  gas  except  with  one  engine  of  about  1,000  kw. 
capacity  which  ran  for  four  or  five  years  on  Mond  pro- 
ducer gas  in  the  Midlcmds  and  Wcis  then  dismantled 
after  the  cessation  of  the  war.  It  has  now  been 
transferred  to  an  iron  company  near  Middlesbrough 
and  is  being  converted  into  a  blast-furnace  blowing 
engine.  Mr.  Fowles  might  have  mentioned  that  the 
installation  referred  to  in  the  paper  is  at  Messrs.  Palmer's 
shipbuilding  yard.  The  station  and  its  upkeep  reflect 
the  greatest  possible  credit  upon  the  firm  and  the  en- 
gineering staff.  I  have  in  mind  other  firms  where  such 
satisfactory  results  have  not  been  achieved.  It  is 
extremely  disappointing  to  an  engine-maker  who  has 
supplied  engines  of  good  quality  to  know  that  the  good 
results  obtained  in  one  case  are  not  so  fully  obtained  in 
another.  The  reason  is  usually  quite  clear.  Good 
running  depends  to  a  very  large  extent  on  the  efficiency 
of  the  gas-cleaning  plant.  It  has  been  shown  that 
with  the  Halberg-Beth  dry  cleaning  process  uniformly 
clean  gas  can  be  obtained  provided  reasonable  attention 
is  given  by  the  engineer  in  charge.  Evidently  such 
reasonable  attention  is  being  given  at  Messrs  Palmer's 
works.  Uncleaned  gas  is  usually  so  dusty  that  it  is 
cloudy  and  puts  dust  into  the  boilers  at  such  a  rate 
that  the  boiler  efficiency  rapidly  falls  off  and  hundreds 
of  tons  of  dust  have  to  be  cleaned  out  in  the  course  of 
a  year.  If  the  Halberg-Beth  cleaning  plant  is  put  down 
in  such  a  case  the  gas  can  be  made  more  pure  than  the 
air  which  the  men  breathe.  It  is  pleasant  to  hear  that 
the  gas  valves  of  the  Palmer  gas  engines  are  cleaner 
than  the  air  valves.  As  I  mentioned  in  a  paper  read 
before  the  North-East  Coast  Engineers  some  time 
ago,  this  points  to  the  necessity  in  the  near  future  of 
cleaning  the  air  as  well  as  the  gas.  I  have  no  doubt 
thit  the  long  cleaning  periods  which  have  been  established 
by  the  Palmer  Shipbuilding  Company  could  then  be 
further  lengthened.     If  an  engine  of  such  large  size — 


in  Messrs.  Palmer's  case  it  has  46  in.  cylinders,  .j  ft.  3  in. 
stroke — can  run  12  months  without  cleaning  under  the 
present  conditions,  I  have  no  doubt  that  with  cleaner 
gas  and  cleaner  air  it  would  be  able  to  run  for  two 
years.  There  seems  to  be  no  mechanical  or  physical 
reason  why  an  engine  should  not  so  run  for  indefinite 
periods  provided  proper  cleaning  plant  is  installed. 
Mr.  Patchell  referred  to  the  size  of  units  and  the  two 
types  of  engines  which  a  purchaser  has  to  consider. 
I  may  be  prejudiced  in  this  matter  but  the  decision 
appears  to  me  to  turn  mainly  upon  the  question  of 
finance.  If  a  firm  has  the  necessary  resources  we 
find  the  management  as  a  rule  more  disposed  to  take 
the  long  view  and  to  have  the  low-speed  set.  If, 
on  the  other  hand,  there  are  extensive  demands  on  their 
capital  and  they  have  an  exceptionally  large  programme 
to  carry  out,  the  decision  is  more  liable  to  turn  in  favour 
of  the  high-speed  set.  In  the  case  of  steam  engines  for 
heavy  duty,  this  long  battle  of  types  had  one  definite 
result,  that  the  high-speed  type  was  entirely  ousted  in 
favour  of  the  low-speed  sets.  It  was  ousted  for  this 
reason.  In  cotton  mills  it  is  of  vital  importance  that 
not  a  second  should  be  lost  in  the  course  of  a  year's 
work  and  there  must  be  many  cases  in  the  Manchester, 
Oldham,  and  Bolton  districts  where  the  low-speed 
engine  has  an  absolutely  unblemished  record  over  a 
period  of  10  years,  not  a  minute  having  been  lost. 
It  would  be  extremely  difficult  to  find  such  a  state  of 
affairs  with  regard  to  high-speed  enclosed  engines. 
Some  time  ago  Sir  Dugald  Clerk  rightly  pointed  out 
that  a  high-speed  multi-cylinder  engine  could  be 
manufactured  more  cheaply  than  a  low-speed  engine. 
If  one  considers  the  matter  from  the  principles  of 
proportion — the  weight  of  the  engine  in  proportion  to 
the  cubic  capacity  and  in  proportion  to  horse-power 
— there  are  theoretical  reasons  why  the  low-speed 
single  or  double  cylinder  long-stroke  engine  should  be 
heavier  for  a  given  power  than  a  multi-c}'linder  engine. 
It  is  cheaper  to  make  a  high-speed  multi-cylinder 
gas  engine  for  any  given  power  than  it  is  to  make  a 
low-speed  gas  engine.  Moreover,  the  former  occupies 
less  space.  On  the  other  hand  there  is  a  great  difference 
in  maintenance  costs.  Thus,  the  whole  question  appears 
to  turn  upon  finance,  and  that  is  the  great  difficulty 
which  the  low-speed  engine-makers  are  up  against. 
It  is  always  interesting  to  find  some  manufacturers 
deliberately  producing  a  costly  article  and  finding  a 
market  for  it,  and  another  group  of  manufacturers 
deliberatelv  producing  for  the  same  purpose  a  cheaper 
engine  and  finding  a  ready  market  for  that  also.  Mr. 
Patchell  speaks  of  3,000-h.p.  engines.  I  may  say 
briefly  that  there  is  no  difficulty  to-day  in   producing: 
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in  engines  with  two  cylinders  3,000  h.p.  quite  readily, 
and  with  two  cranks  and  four  cylinders  6,000  h.p. 
It  is  highly  probable  that  if  the  price  of  coal  continues 
to  rise  blast-furnace  gas  engines  will  be  compulsorily 
used  by  order  of  the  Government  to  utilize  blast- 
furnace gas  to  the  full  extent. 

Mr.  T.  R.  'WoUaston  :  During  the  war  much  was 
said  and  written  in  regard  to  the  future  possibilities 
of  gas,  but  such  remarks  were  confined  almost  entirely 
to  coke-oven  gas  and  low-temperature  distillation 
gas,  with  the  obsession  of  valuable  by-products.  In 
regard  to  coke-oven  gas  Mr.  Patchell  has  told  us  that 
it  has  limitations.  So  far  as  we  get  waste  gas  from  the 
coke  ovens  bv  all  means  let  us  use  it,  but,  considered 
from  the  point  of  view  of  producing  any  large  amount 
of  electricity,  coke-oven  gas  is  an  impossible  proposition  ; 
in  order  to  meet  the  demand  in  that  wav  we  should 
have  to  produce  more  coke  than  the  whole  world  would 
want.  In  regard  to  low-temperature  distillation,  there 
may  be  big  possibilities  from  the  point  of  view  of  pro- 
ducing benzol,  tar,  and  possibly  good  household  fuel, 
but  certainly  one  does  not  see  much  scope  for  it  in 
generating  electricity  wholesale.  I  have  had  recently 
a  visit  from  an  engineer  to  the  South  Staffordshire 
Mond  Gas  Company  who  gave  me  some  figures  which 
may  be  of  interest.  He  said  he  had  a  "  Premier  " 
gas  engine  of  300  h.p.  which  had  been  working  for 
seven  months  without  stopping.  That  is  a  very  good 
testimonial  for  the  gas  engine.  I  would  generally 
endorse  Mr.  Filling's  remarks  regarding  choice  of  gas 
engines.  The  big  gas  engine  may  be  a  reliable  pos- 
sibility, but  it  is  a  question  of  capital  cost  and  amount 
of  space  needed  as  compared  with  the  modem  steam 
turbine.  The  engineer  to  whom  I  have  referred  above 
gave  me  the  following  particulars  which  have  been 
confirmed  by  remarks  made  during  this  discussion. 
The  coal  cost  to  the  South  Staffordshire  Company 
was  formerly  4s.  per  ton.  It  is  now  28s.  The  sulphate 
yield  was  85  lb.  per  ton.  It  now  averages  65  lb.  The 
gas  was  sold  at  an  average  price  of  ijd.  per  1,000  cubic 
feet  ;  to-day  the  average  price  is  gd.  per  1,000  cubic 
feet.  In  spite  of  all  that  has  been  said  I  have  very 
great  faith  in  the  future  of  producer  gas  not  only  for 
gas  engines  but  also  for  firing  boilers.  Even  with  the 
present  prices  of  coal  and  sulphate  I  am  convinced 
there  is  a  very  big  future  for  it.  I  have  been  very 
interested  in  this  subject  for  the  last  10  vears  and  have 
a  plant,  on  a  full-size  scale,  now  half  completed.  I 
hope  that  before  the  end  of  the  year  it  will  be  working 
within  4  miles  of  this  room.  Mr.  Patchell  has  given 
the  figures  for  coal  consumption,  including  generating 
steam,  for  producer  work.  I  see  no  scientific  or  practical 
reason  why  one  should  not  get  a  recovery  figure  equal 
to  Mr.  Patchell's  \vithout  this  extra  steam  and  with 
the  percentages  of  carbon  monoxide  and  hydrogen 
reversed  ;  in  other  words  to  get  the  same  ammonium 
sidphate  with  what  would  generally  be  called  a  "  non- 
lecovery  "  gas.  The  plant  which  I  have  mentioned 
should  be  able  to  work  with  practically  any  coal  that 
might  be  delivered. 

Mr.  J.  G.  Walthew  :  Reference  has  been  made 
to  the  injurious  effect  of  sulphur  gases  escaping  from 
the  gas-engine  cylinders  and   coming  in   contact   with 


the  electrical  equipment.  That  statement  should 
be  challenged,  as  it  would  entirely  depend  on  the  type 
of  gas  engine  installed.  With  gas  engines  having 
open-type  pistons,  and  where  the  liners  and  pistons 
are  badly  worn,  it  is  possible  for  escaping  gases  to  get 
into  the  engine  house  and  so  affect  the  electrical  equip- 
ment. But  that  was  not  the  case  with  the  enclosed 
type  of  gas  engine  illustrated  on  the  screen  to-night. 
The  engines  shown  were  of  the  "  National  "  vertical 
tandem  type  with  totally  enclosed  crank-case  ;  and 
should  there  be  any  leakage  of  gas  past  the  pistons 
into  the  crank-chamber,  such  gases  are  readily  drawn 
away  by  means  of  a  small  exhauster  fan,  which  also 
assists  in  promoting  a  free  circulation  of  air  through 
the  crank-case.  That  is  an  important  point.  There 
is  no  doubt  that  blast-furnace  gas  offers  a  very  much 
easier  proposition  for  the  gas  engine  than  does  producer 
gas,  the  reason  being  that  blast-furnace  gas  is  of  a  more 
consistent  quahty.  .\fter  removal  of  the  dust,  blast- 
furnace gas  is  especially  suitable  for  use  in  gas  engines. 
It  was  very  gratifying  to  hear  Mr.  Fowles  state  definitely 
that  from  his  own  experience  he  considered  the  gas 
engine  to  be  as  reliable  a  prime  mover  as  the  steam 
engine.  I  heartily  agree  with  that  statement.  If 
any  trouble  does  arise,  it  is  due  in  the  great  majority 
of  cases  to  the  gas.  That  is  certainly  the  case  with 
regard  to  engines  operating  on  producer  gas,  and  in  this 
respect  the  gas  engine  is  well  ahead  of  the  gas  plant. 
More  research  work  is  needed  in  this  direction — that 
is  from  the  gas  producer  standpoint — and  it  would 
be  of  enormous  benefit  to  the  internal  combustion 
industry  as  a  whole.  One  speaker  has  stated  that 
the  choice  between  gas  engines  of  the  low-speed  and 
high-speed  types  was  determined  by  the  capital  cost.  I 
do  not  agree.  Electrical  engineers  and  power-plant 
users  generally  will  adopt  the  type  of  prime  mover 
that  offers  the  best  all-round  advantages,  and  in  any 
case  the  difference  in  cost  between  these  two  types 
is  not  very  marked.  A  most  important  advantage  with 
the  multi-cylinder  type  of  gas  engine  is  its  suitablity 
for  electric  driving,  and  especially  when  operating  in 
parallel.  A  further  advantage  is  the  ease  with  which 
a  multi-cylinder  engine  can  be  started  up,  as  compared 
with  the  low-speed  German  type  of  engine  referred 
to.  Something  ought  to  be  said  about  standby  plant. 
The  power  station  should  be  properly  equipped  in  this 
respect,  so  that  at  any  reasonable  moment  it  is  possible 
to  close  down  any  single  unit  and  to  overhaul  it  if 
required.  On  the  question  of  recovery  of  sulphate 
from  gas-producer  plants,  I  was  recently  at  a  mill 
where  a  gas  engine  was  operating  on  a  5oo  b.h.p.  load. 
Notwithstanding  the  increased  cost  of  labour,  and  that 
the  men  engaged  at  the  gas  plant  would  not  do  the 
same  amount  of  work  as  formerly  (three  men  being 
employed  instead  of  two),  the  receipts  from  the  sulphate 
paid  all  labour  costs,  leaving  the  fuel  only  as  the  net 

t   charge  on  the  power  plant.     The  normal  hours  of  work- 

•    ing  were  48  for  the  week. 

I  Mr.  W^.  Fennell  :  I  represent  the  undertaking  at 
Northwich  which  has  been  running  on  Mond  gas  with 
open-type  engines  for  21  years.  The  corrosion  of  brass 
and  copper  due  to  exhaust  leaks  in  the  engine  room  can 
be  got  over.     If  the  contacts  are  regularly  covered  with 
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vaseline  there  is  not  much  trouble  from  that  cause. 
In  connection  with  the  Wednesbury  undertaking  using 
Mond  gas  we  had  quite  as  much  trouble  with  the  en- 
closed type  of  engine  as  with  the  open  type.  The  oily 
fumes  escaping  from  the  crank  chambers  are  churned 
up  by  the  flywheel  and  condense  on  the  dynamo  windings 
in  the  form  of  an  oily  deposit  very  difficult  to  remove. 
One  speaker  has  suggested  that  the  use  of  an  exhauster 
fan,  discharging  from  the  crank-case  to  the  outside  air, 
gets  over  the  trouble.  I  have  found  this  to  be  the 
case,  but  it  also  uses  an  immense  quantity  of  oil,  and 
I  have  found  it  better  to  use  a  ventilating  pipe  without 
a  fan,  so  striking  a  happy  medium.  Those  who  have  had 
to  do  with  producer-gas  engines  know  that  the  crux 
of  the  whole  question  is  the  tar  which  is  left  in  the 
gas.  It  is  a  curious  thing  that  sortie  cleaning  plants 
leave  a  much  greater  quantity  than  others.  At  the 
works  in  South  Staffordshire  situated  over  4  miles 
from  the  Mond  producers  we  had  a  quantity  of  tar 
deposited  at  every  point  where  the  gas  velocity  changed. 
The  inlet  valve,  the  governor  valves,  and  even  the  regu- 
lator valves  were  often  put  out  of  action  by  it  and  very 
frequent  cleaning  was  necessary.  At  Northwich  where 
we  are  within  a  quarter  of  a  mile  of  the  Mond  producers 
we  have  no  trouble  at  all  with  tar.  In  South  Stafford- 
shire we  got  over  the  trouble  to  a  great  extent,  on  the 
lines  indicated  by  the  last  speaker,  in  a  very  simple 
way.  We  reduced  the  temperature  of  the  incoming 
gas  below  the  figure  which  it  would  ever  reach  again 
by  putting  a  nozzle  into  the  gas-supply  pipe  discharging 
it  into  a  medium-sized  chamber.  The  high  velocity 
of  the  gas  emerging  from  the  nozzle  produced  the  desired 
low  temperature  and  most  of  the  tar  was  deposited  in 
the  chamber,  which  had  a  water  seal.  Of  course  in 
dealing  with  the  finance  of  by-products  gas  producers 
we  are  up  against  the  present-day  labour  conditions. 
The  cost  of  running  has  increased  enormously  within 
the  last  few  years,  but  not  so  much,  I  think,  as  the 
South  Staffordshire  Company's  figures  would  appear 
to  indicate.  One  must  remember  that  the  South 
Staffordshire  Mond  Company  has  distribution  costs 
and  losses  over  an  enormous  area,  a  good  deal  of  it 
subsiding,  and  on  the  top  of  their  generating  and 
distributing  costs  the  Company  has  an  enormous  capital 
outlay  to  pay  interest  on.  I  have  before  me  the  figures 
of  a  Mond  plant  which  in  six  months  produced  1,197,000 
thousands  of  cubic  feet  at  a  cost  of  3|d.  per  thousand 


cubic  feet,  which  is  very  different  from  gd.  Recently 
I  went  into  this  question  of  producer  gas  and  I  found 
that  at  the  present  day  it  almost  always  pays  to  put 
down  a  non-recovery  plant  or  anthracite  plant  in 
preference  to  a  by-product  plant.  Whether  the  present 
relative  levels  of  the  prices  of  coal  and  sulphate  of 
ammonia  will  be  maintained  by  the  Government  for 
long  is  of  course  another  matter.  At  the  present  day 
one  can  get  quite  good  costs  on  suction  plant,  and  the 
gas-engine  power  station  of  from  1,000  to  2,000  kw.  is 
a  formidable  obstacle  to  bulk  supply.  This  is  assisted, 
I  believe,  by  the  fact  that  the  price  of  anthracite  has 
not  increased  during  the  war  in  anything  like  the  same 
proportion  as  ordinary  coal.  It  can  be  bought  in  this 
district  at  £^  5s.  to  £z  los.  per  ton  by  the  single  truck, 
which  compares  very  well  with  the  cost  of  bituminous 
coal.  In  his  table  of  costs  (No.  8)  Mr.  Patchell  puts 
down  for  capital  charges  o-207d.  per  unit  on  a  75  per 
cent  load  factor.  On  the  usual  25  per  cent  load  factor 
it  would  work  out  at  nearly  |d.  per  unit.  This  is  due 
to  the  enormous  capital  outlay  of  ;^50  per  kilowatt, 
most  of  it  attributable  to  the  recovery  plant.  Mr. 
Patchell  could  have  done  the  work  with  non-recovery 
plant  for  about  £z^  per  kilowatt  and  it  would  of  course 
have  made  quite  a  considerable  difference  to  this  item. 
As  before  stated,  the  operating  costs  would  have  been 
quite  as  low  as  those  attained  by  him.  Of  course  con- 
ditions were  different  in  1915-16;  recovery  plant  no  doubt 
showed  by  far  the  best  results  then.  I  consider  Mr. 
Fowles  has  made  out  an  excellent  case  for  the  utiliza- 
tion of  blast-furnace  plant  in  connection  with  electricity- 
supply,  and  those  districts  which  have  blast  furnaces 
will  be  in  a  fortunate  position  later  on  as  coal  prices 
increase.  I  have  to  call  attention  to  what  appears  to 
be  a  mistake  *  in  the  comparison  table  at  the  end  of 
the  paper.  The  figure  "  Capital  per  kilowatt  of  plant 
capacity  "  is  given  as  ^67  for  electricity  works  and  only 
£\-]  ys.  as  the  average  estimated  for  50  blast-furnace 
plants.  We  all  know  that  it  has  not  cost  ;^67  per 
kilowatt  for  plant  in  electric  power  supply  works,  so 
that  it  is  probable  that  mains,  substations,  meters, 
etc.,  have  been  included  in  the  case  of  the  former  and 
not  in   that  of  the  latter,  which  spoils  the  comparison. 


IThe  authors'  replies  to  this  discussion  will  be  found 
on  pages   458   and  460  respectively.] 


Since  corrected. 


North-Eastern  Centre,  at  Newcastle,  22  March,  1920. 


Captain  A.  P.  Pyne  opened  the  discussion  (his 
remarks  will  be  found  on  page  440  of  the  discussion 
before  the  Institution  in  London). 

Mr.  J.  N.  Waite  :  Mr.  Fowles's  paper  is  one  that 
will  be  welcomed  by  all  who  are  interested  in  the  gener- 
ating side  of  power  supply.  The  paper  gives  the  results 
obtained  from  a  moderate-sized  modern  gas-engine 
power  station.  As  one  who  is  somewhat  intimately 
concerned  with  the  efficiency  of  both  large  and  small 
power  plants,  I  welcome  the  figures  given,  as  they 
enable  a  comparison  to  be  made  of  the  results  obtainable 
with  gas  engines  and  a  modern  turbine  plant  respectively. 


There  is  no  doubt  that  for  large  power  schemes  the 
turbine  has  no  rival  at  present.  Although  the  thermal 
efficiency  of  a  turbine  plant  is  somewhat  lower  than 
that  of  a  gas-engine  plant,  yet  a  turbine  plant  possesses 
advantages  which  more  than  outweigh  the  difference 
in  thermal  efficiencies.  This  difference  is  not  so  great 
as  many  of  our  gas-engine  advocates  would  have  us 
believe.  In  his  introductory  remarks  the  author  implies 
that  a  steam  plant  would  only  realize  30  per  cent  of 
the  heat  realized  by  a  gas-engine  plant.  I  totally 
disagree  with  this  contention.  To  be  of  any  use,  a 
comparison  between  a  modern  gas-engine  plant  and  a 


THE    PAPERS   BY   MR.    PATCHELL  AND    MR.    FOWLES. 


455 


steam  plant  should  be  made  on  the  results  obtainable 
with  turbines  of  modern  design.  The  figures  in  the 
paper  give  for  the  author's  gas-engine  station  : 

Calorific  value  of  gas  per  cubic  foot  98  •  5  therms 

Cubic  feet  of  gas  per  unit  generated  150 

Therms  per  unit  generated  .  .  14,800 

Thermal  efficiency  of  station       . .  23  •  i  % 

Comparing  this  with  a  steam  plant  to  cover  similar 
requirements  we  will  assume  that  the  station  comprises 
three  2,300  kw.  turbo-alternators  and  the  necessary 
modern  boilers.  To-day,  manufacturers  are  prepared 
to  guarantee  for  this  size  of  turbine,  when  equipped 
for  interheating  and  extensive  bleeding  for  feed-water 
heating,  a  steam  consumption  of  12-5  lb.  per  kilowatt- 
hour.  This  figure  is  for  a  station  equipped  with  cooUng 
towers.  If  the  water  from  a  large  river  was  available 
for  condensing  purposes  this  consumption  figure  would 
be  at  least  5  per  cent  less.  With  a  consumption  of 
12 -j  lb.  per  unit  generated,  the  heat  per  unit  would 
be  about  16,200  therms.  With  a  boiler  efficiency  of 
80  per  cent  the  total  heat  expended  to  produce  one 
■unit  would  be  20,300  therms,  and  the  thermal  efficiency 
of  the  station  would  be  16 -8  per  cent,  or  73  per  cent  of 
that  of  the  gas-engine  station.  It  may  surprise  some 
people,  but  80  per  cent  efficiency  can  be  obtained  on 
modem  boilers,  and  not  only  obtained  but  maintained 
over  lengthy  periods.  If  this  gas  were  utilized  on  a 
station  where  large  turbine  units  w-ere  installed,  then 
from  actual  results,  and  again  assuming  a  boiler  efficiency 
of  80  per  cent,  a  unit  could  be  generated  for  an  expendi- 
ture of  16,700  therms,  which  w-ould  give  a  thermal 
efficiency  of  19-3  per  cent,  which  equals  87-3  per  cent 
of  that  of  the  gas-engine  plant  in  the  paper.  The  author 
when  wTiting  the  paragraph  referred  to,  must  have 
had  in  mind  some  inefficient  steam  plant  of  ancient 
design.  As  stated  previously-,  if  performances  of  plant 
are  compared,  then  to  be  of  any  practical  use  the  com- 
parison should  be  made  on  the  results  of  modern  plants 
for  both  cases.  I  notice  in  the  figures  given  that  the 
crude  gas  is  cooled  from  250°  C.  to  66°  C.  Assuming 
a  mean  specific  heat  of  0-24,  the  sensible  heat  extracted 
from  the  gas  per  cubic  foot  during  the  cleaning  process 
is  87  therms,  which  is  almost  equal  to  the  total  calorific 
value  of  the  gas  presented  to  the  engines.  Consideration 
of  this  makes  it  clear  that  there  is  considerable  scope 
for  improvement  from  a  thermal  point  of  view.  The 
author  appears  to  favour  the  use  of  gas  engines  for  the 
utilization  of  coke-oven  gas.  If  gas  engines  are  used 
for  this  purpose,  in  what  way  would  the  high-temperature 
inert  gases  from  the  ovens  be  used  ?  The  heat  contained 
in  these  gases  forms  a  large  percentage  of  the  total  heat 
available  for  power  production. 

Mr.  G.  W:  Hewson  :  The  blast  furnace,  besides 
producing  pig  iron  as  its  main  product,  has  been  de- 
scribed by  some  as  also  being  a  gas  producer.  It  has  been 
ascertained  that  about  half  the  heat  energy  of  the  fuel 
charged  into  a  blast  furnace  leaves  it  again  in  the 
so-called  "  waste  gases,"  and  this  proportion  holds 
good  whether  the  furnace  is  working  on  lean  ores  with 
high  fuel  ratio,  or  on  rich  ores  with  low  fuel  ratio. 
Hitherto  the  bulk  of  the  heat  energy  of  the  escaping 
g.ases   has   been    utilized    upon    the   auxiliaries   of    the 


blast-furnace-  plant.  W^ith  modern  methods  of  working 
the  essential  auxiharies  of  a  blast  furnace  by  means 
of  less  gas,  it  is  now  possible  to  have  surplus  gas  available 
for  other  purposes.  This  surplus  may  be  anything 
from  40  to  60  per  cent  of  the  total  escaping  gas.  With 
appro.ximately  300  blast  furnaces  at  work  in  this  country, 
using  say  15  miUion  tons  of  coke  per  year,  the  amount 
of  surplus  gas  is  equivalent  to  about  yl  million  tons 
of  coke,  or  one  thousand  million  cubic  feet  of  gas  per 
annum,  which  would  be  available  for  generating  energy 
if  all  were  brought  up  to  a  moderate  standard  of  efficiency. 
The  question  is  how  far  the  country  is  prepared  to  go 
in  harnessing  this  large  quantity  of  potential  power, 
which  should  be  utilized  from  a  national  as  well  as 
private  economic  point  of  view.  Reference  has  been 
made  to  the  working  of  the  stoves  on  a  blast-furnace 
plant.  With  dirty  gas  these  could  not  be  raised  so 
high  in  temperature  because  of  the  effect  of  the  alkalies 
contained  in  the  dust  fluxing  with  the  brickwork  and 
materially  lowering  the  melting  point  of  the  refractories. 
With  clean  gas,  however,  this  danger  is  removed,  and 
higher  heats  can  be  obtained  without  danger,  which 
in  turn  results  in  higher  blast  temperatures. 

Mr.  N.  W.  Prangnell  :  Without  having  any  experi- 
ence with  the  type  of  plant  under  discussion,  there  are 
a  few  points  I  should  like  to  raise  with  the  idea  of 
gaining  further  information  from  the  large  electric 
power  production  point  of  view.  The  slides  shown 
both  by  the  author  and  by  Captain  Pyne  seem  to  take 
one  back  at  least  20  years,  when  electric  power  stations 
were  so  attractive  to  the  eye  because  they  contained 
rows  of  small-capacity  highly  polished  engines.  It 
would  appear  that  up  to  the  present  the  total  capacity 
per  cylinder  for  large  gas  plants  is  3,000  h.p.  This, 
in  view  of  present-day  requirements  for  any  large- 
capacity  output,  would  necessitate  a  return  to  the  old 
type  of  engine  rooms  with  a  number  of  small  capacity 
engines  and  costly  buildings,  etc.  As  most  of  the  steel- 
works with  their  gas-producing  plants  would  be  situated 
in  industrial  areas,  it  would  certainly  appear  that  they 
should  be  taken  advantage  of  by  the  electric  supply 
authorities,  but  with  steam-driven  prime  movers  and 
not  explosive  engines.  It  would  be  interesting  if  data 
could  be  produced  showing  the  advantages  and  increase 
in  efficiency  of  gas-fired  as  against  coal-fired  boilers 
for  steam  plants  ;  also  the  capital  cost  and  efficiency 
of  the  steam-turbine  installation  of,  say.  20,000  kw. 
capacity  as  compared  with  a  like  capacity  of  gas  engines. 
It  would  also  be  interesting  to  have  figures  to  sho\i' 
what  stand-by  plant  is  considered  necessary  in  these 
gas-engine  plants  and  what  percentage  the  capital  and 
standing  charges  represent  of  the  whole  charges. 

Mr.  J.  Rosen  :  Mr.  Fowles  considers  that  the  pro- 
duction of  power  from  gas  furnaces  is  best  obtained 
by  the  use  of  gas  engines.  Turbines  are  being  used  in 
connection  with  the  waste  heat  and  are  very  efficient. 
^\'ith  gas  engines  the  power-station  floor-space  is  immense 
and  the  cost  of  the  operation  and  upkeep  of  the  units 
large.  The  expense  of  the  cleansing  and  cooling 
apparatus  for  the  gas  is  very  much  larger  than  if  turbines 
were  used.  In  any  case  steam  plant  is  necessary  to 
supply  the  blast  engines  for  furnace  blowing  referred 
to  on  the  first  page  of  the  paper. 
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Mr.  J.  M.  Heslop  :  There  are  one  or  two  points 
in  the  paper  on  which  I  must  take  issue  with  Mr.  Fowles. 
For  example,  on  page  431  he  states  that  :  "  The  use 
of  gas  for  boiler-firing  is  proving  a  very  bad  poUcy, 
since  in  comparison  with  large  gas  engines  only  about 
30  per  cent  of  the  engine  efficiency  is  maintained  on 
the  boilers  of  modern  design  on  clean  gas."  Let  us 
look  more  closely  into  this  point.  Consider,  first,  a 
gas-electric  station  and  take  the  following  figures, 
which  are  representative  of  good  modern  practice  : — 


Maximum  shaft  efficiency 

Average  shaft  efficiency  during  opera- 
tion on  good  unit  load  factor 

Average  generator  efficiency 

Average  overall  efficiency  0-21  xo-93= 

Allow  8  %  for  auxiliaries 

Net   average    overall    efficiency 
19-5^ 
I -08        


25% 

21  % 

93  % 
19-5% 


i8-i% 


Now   consider  a   steam-driven   station   with   modern 
turbo-generators  and  again  take  representative  figures  : — 

Boiler  efficiency      . .          . .  . .  70  % 

-Generator  efficiency            . .  . .  93  % 

Turbine  efficiency   ..          ..  ..  70  °'o 

Available     energy     (200     lb.  per 

sq.  in.,  200°  F.,  28 '5  in.  vacuum)  398-3  therms 

Heat  added  to  steam  in  boiler  ..  1247-4  therms 

Overall  efficiency 

398-3XO-7XO-7XO-93 

•=         ..      14-6% 

1247-4  ^      ^° 

Allow  8%  for  auxiUaries 

Net   average    overall   efficiency 

14-6 

I -08"" 


13-5% 


We  have  then  a  net  overall  efficiency  of  18- 1  per  cent 
for  gas-electric  station,  and  13-5  per  cent  for  the  steam- 
electric  station  ;  or  to  put  the  results  in  shghtly  different 
form  :  the  amount  of  heat  converted  into  useful  work 
in  the  case  of  steam  plant  is  (i3-5-m8-i)  100=75  per 
cent  of  that  converted  into  useful  work  in  the  case  of 
j;as-electric  plant.     The  author's  figure  of  30  per  cent  is 


therefore  open  to  criticism.  Now  let  us  consider  a 
commercial  aspect  of  the  case,  viz.  the  effect  of  the 
relative  capital  costs  of  gas  and  steam  plant  on  the 
cost  per  unit  generated.  Assume  a  station  of  5,000  kw. 
capacity  operating  in  conjunction  with  an  existing 
supply  network.  In  this  case,  no  stand-by  plant  is 
necessary  and  an  annual  load  factor  of  80  per  cent 
is  feasible.  The  station  output  on  this  load  factor 
will  be,  in  round  figures,  35,000,000  units  per  annum. 
The  gas-electric  station  would  require  five  1,000  kw. 
units  which,  at  the  present  day,  would  cost  approximately 
;^33,ooo  each,  or  a  total  expenditure  of  ;^i65,ooo.  If  we 
take  the  annual  charges  on  this  capital  at  15  per  cent, 
we  have  a  sum  of  ;f24,75o,  which,  spread  over  a  station 
output  of  35  million  units,  represents  o-i7d.  per  unit. 
The  steam-driven  station  would  have  one  5,000-kw. 
turbo-generator,  which  to-day  would  cost  approximately 
;^40,ooo.  In  view  of  the  lower  maintenance  charges 
on  modern  steam-turbine  plant,  we  can  take  the  annual 
charges  on  this  capital  at  12  per  cent,  representing  a 
sum  of  ;£4,8oo,  wliich,  spread  over  an  output  of  35  million 
units,  equals  o-033d.  per  unit.  It  will  be  observed  that 
nothing  has  been  included  for  boiler  plant  in  the  case 
of  the  steam-driven  station,  but,  on  the  other  hand, 
nothing  has  been  included  in  the  case  of  the  gas-electric 
station  for  the  more  expensive  gas-cleaning  plant 
required  where  the  gas  has  to  be  cleaned  to  a  degree 
suitable  for  use  direct  in  gas  engines.  It  would  appear, 
therefore,  that  a  gas-electric  station  at  present  is  bound 
to  be  saddled  with  verj'  much  heavier  standing  charges 
per  unit  sent  out  than  a  steam-driven  station.  Of 
course  it  must  be  admitted  that  we  have  by  no  means 
reached  finality  in  gas-engine  development,  in  fact,  as 
Captain  Pyne  emphasized  in  his  remarks,  there  has 
been  practically  no  development  work  done  on  large 
gas  engines  in  England  for  the  last  five  or  six  years. 
The  figures  which  I  have  given  above,  therefore,  represent 
the  situation  to-day,  but  I  am  by  no  means  prepared 
to  assert  that  the  situation,  as  between  gas  engines  and 
steam  turbines,  would  be  the  same  in,  say,  10  years' 
time. 

pMr.  Fowles's  reply  to  this  discussion  will  be  found 
on  page  460.] 


South  Midland  Centre,  at  Birmingham,  31  March,  1920. 


Mr.  F.  Forrest  :  Mr.  Patchell  states  that  the  first 
installation  put  up  by  him  at  Messrs.  Hoftmann's  works 
consisted  of  two  360-krw.  generating  sets  which  cost 
£40-98  per  kilowatt,  or  ;^29,5o5  altogether.  The 
second  installation  consisted  of  four  similar  sets  which 
were  put  in  at  a  cost  of  £50  per  kilowatt,  or  ^^72,000 
for  the  four  sets,  making  the  total  expenditure  for 
the  generating  station  ;^ioi,5o6.  The  average  cost 
per  kilowatt  of  the  2,160  kw.  installed  therefore  amounts 
to  A?  and  not  /45-49  as  given  in  the  table.  There 
is  no  mention  in  Table  8  of  the  cost  of  water,  which 
must  be  fairly  heavy  in  the  plant,  especially  as  most 
of  it  goes  through  the  Paterson's  water  softener.  I 
should  hke  to  ask  the  author  what  is  the  maximum 
load  carried  by  the  generating  station,  and  also  what 


is  the  maximum  demand  load  factor.  The  fact  that 
the  "  Premier  "  gas  engines  take  about  64  per  cent  of 
their  full-load  consumption  when  running  light  or  with 
any  load  up  to  half-load,  would  point  to  the  absolute 
necessity  of  always  obtaining  a  verj'  high  running- 
plant  load  factor.  With  the  variations  of  the  works' 
load  this  would  point  to  the  necessity  of  installing  a 
large  number  of  comparatively  small  sets,  which 
could  be  started  up  or  shut  down  as  the  load  varied, 
in  order  to  maintain  the  desirable  high  plant  load 
factor.  The  installation  of  six  sets  seems  to  indicate 
that  this  is  just  what  the  author  has  had  in  mind. 
The  very  low-grade  fuel  now  being  efficiently  burned 
by  many  of  the  largest  generating  stations  is  a 
type    of    material   which   could   not   be   satisfactorily 


THE    PAPERS   BY    MR.    PATCHELL   AND    MR.    FOWLES. 


457 


dealt  with  in  a  producer  -  gas  plant  of  the  type 
described.  Much  of  this  fuel  is  below  9,000  therms 
per  pound,  with  a  large  percentage  of  ash  and  of  fine. 
Some  stations  are  burning  material  of  this  character 
mixed  with  gas  works'  coke-dust  and  coke-oven  dust, 
and  obtaining  very  good  results.  Producer-gas  firing 
of  boilers  mentioned  by  the  author  can  only  be  justified 
if  it  can  be  shown  that  the  extra  capital  cost  due  to  the 
producer  plant,  together  with  the  heat  losses  incurred 
in  operating  the  plant,  are  more  than  offset  by  the 
improved  boiler-house  efficiency,  due  to  gas-firing, 
plus  the  revenue  derived  from  the  sale  of  the  by- 
products. With  producer  gas  containing  45  per  cent 
of  inert  nitrogen,  which  is  likely  to  give  a  low  flame 
temperature  and  with  the  very  heavy  cost  of  storing 
such  lean  gas,  its  use  for  boiler-firing  is  not  likely  to 
prove  a  success. 

With  reference  to  JMr.  Fowles's  paper,  the  utilization 
of  blast-furnace  gas  which  has  now  been  going  to  waste 
in  many  places  will  undoubtedly  receive  close  attention 
from  those  responsible  for  electric  power  supply  in 
this  country,  but  it  is  unlikely  that  any  large  proportion 
of  the  national  power  supply  will  be  made  dependent 
upon  the  utilization  of  waste  heat  from  any  commercial 
manufacturing  process,  which  is  likely  to  be  influenced 
by  strikes  of  workmen  or  fluctuations  in  trade.  The 
production  of  gas  by  the  blast-furnace  plant  is  a  fairly 
continuous  process  whilst  the  furnaces  are  in  operation, 
whereas  the  load  on  an  electric  generating  station 
will  fluctuate  between  wide  limits  during  the  24  hours. 
The  cost  of  storing  an  adequate  quantity  of  heat  energy 
in  the  shape  of  blast-furnace  gas  of  only  98  therms 
per  cubit  foot  would  be  an  extremely  expensive  matter, 
and  if  storage  is  not  resorted  to  a  great  deal  of  gas 
will  continue  to  be  lost. 

Mr.  "W.  Wilson  :  The  paper  by  Mr.  Patchell  is  par- 
ticularly interesting  to  me,  for  I  have  come  into  contact 
in  the  past  w^ith  a  number  of  producer  plants,  very 
similar  to  that  described,  with  the  sole  exception  that 
the  recovery  of  the  by-products  was  not  attempted. 
These  plants  were  situated  in  a  colonial  possession 
and  were  partly  for  the  supply  of  electricity  to  moderate- 
sized  municipalities,  and  partly  for  industrial  f>urposes  ; 
and  since  coming  to  this  country  I  have  frequently 
wondered  why  the  use  of  gas  was  not  adopted  to  a 
greater  extent  for  electrical  generation,  especially  in 
view  of  the  large  power  houses  that  are  operated  in 
the  United  States  by  such  means.  An  interesting 
feature  in  connection  with  many  of  the  colonial  plants 
referred  to  is  the  use  of  lignite,  which  was  successfully 
employed  by  Mr.  Fraser  of  the  Waihi  Gold  Mining 
Company  as  far  back  as  1907  for  the  supply  of  power 
to  what  was  then  the  third  biggest  gold  mine  in  the 
world.  The  engines  were  not  quite  as  large  as  those 
mentioned  in  the  paper,  the  biggest  being  four-cylinder 
horizontal  Crossley  machines,  of  about  368  h.p.  The 
Crossley  design  of  producer  was  employed,  and  the 
difficulties  of  gasifying  the  lignite,  which  in  those  days 
were  considered  so  great  as  to  render  its  use  almost 
impossible,  were  overcome  with  every  success.  The 
cleaning  apparatus  was  in  the  main  that  described 
by  Mr.  Patchell,  and  reliance  was  chiefly  placed  upon 
sawdust   scrubbers,    and    upon    centrifugal    extractors. 


very  nearly  as  described  in  the  paper.  Plenty  of  water 
was  employed  in  the  latter  machines,  and  the  serious 
tar  problem  was  thus  effectively  coped  with.  It  is 
interesting  to  note  that  the  comparative  cost  of  energy 
by  gas  and  by  carefully  operated  steam  engines,  em- 
ployed side  by  side  with  the  gas  engines,  was  in  1910 
about  £g  los.  per  horse-power  per  annum  for  gas,  and 
about  ;^i9  los.  for  steam.  These  costs  were  for  con- 
tinuous working  of  24  hours  per  day,  with  the  exception 
of  Sundays  and  holidays.  Another  type  of  plant, 
which  was  successfully  developed  in  this  colony,  over- 
came the  tar  difficulty  by  means  of  a  locally  designed 
down-draught  producer,  in  which  air  was  admitted 
to  the  incandescent  fuel  at  various  stages  during  its 
descent  in  the  producer,  special  valves  being  fitted 
for  the  purpose.  This  enabled  the  tar  to  be  oxidized 
and  so  got  rid  of  without  unduly  ccohng  the  mass. 
This  method,  however,  nulhfies  one  of  the  principal 
objects  that  the  designer  of  Mr.  Patchell's  system  had 
in  view,  namely,  the  recovery  of  the  by-products.  It 
may  be  interesting  to  mention,  nevertheless,  that  this 
method  had  reached  such  a  degree  of  perfection  that 
small  producers  were  fitted  to  vessels  of  the  fishing- 
boat  and  coastal  class  for  the  operation  of  their  existing 
oil  engines.  This  they  did,  using  the  same  lignite  fuel, 
without  requiring  any  other  cleaning  than  that  afforded 
by  a  single  washer,  consisting  of  a  tank  filled  with 
coke  through  which  sea  water  was  allowed  to  drip. 
I  had  the  opportunity  of  witnessing  a  trial  of  a  small 
schooner  so  equipped,  in  which  the  original  oil  engines 
were  driven  at  their  normal  speed  by  such  a  producer 
equipment.  On  page  417  the  author  mentions  that 
between  2  and  2|  lb.  of  steam  per  pound  of  coal  is  used 
for  the  purpose  of  keeping  the  temperature  down, 
and  so  saving  the  ammonia.  This  usually  has  the 
effect  of  increasing  the  hydrogen  content  and  thereby 
causing  pre-ignition  in  the  engine.  I  should  like  to 
ask  the  author  if  this  trouble  has  been  met  with,  and, 
if  so,  how  it  was  overcome.  On  page  418,  under  the 
description  of  the  Lymn  system,  the  author  mentions 
that  the  washing  is  unassisted  by  mechanical  means. 
This  statement  seems  not  quite  accurate  in  view  of  the 
description  of  the  centrifugal  cleaners  described  on 
page  420  and  referred  to  on  page  427.  They  are  the 
only  dynamic  cleaners  that  I  have  come  across  in  such 
plants.  I  have  principally  given  the  above  details 
with  regard  to  the  gasification  of  lignite  on  account 
of  the  opinion  expressed  by  the  author  on  page  429 
that  "  it  is  absolutely  certain  that  low-grade  fuel  must 
be  better  utilized  than  in  the  past."  It  should  be  men- 
tioned that  the  lignite  to  which  I  have  referred  was 
produced  at  a  cost  of  about  5s.  6d.  per  ton  at  the  pit's 
mouth,  but  cost  i6s.  per  ton  at  the  producers.  It  will 
be  observed  that  the  examples  I  have  given  employed 
very  low-grade  fuel  (wood  has  been  used  in  the  down- 
draught  pipe  of  producer)  without  any  extensive  com- 
plications or  additions  to  the  plant.  The  authcr  has 
mentioned  the  shortening  of  the  working  week,  and 
expressed  a  fear  that  it  may  have  a  disturbing  effect 
upon  the  load  factor.  The  present  working  week  is 
approximately  that  to  which  I  have  always  been 
accustomed,  and  it  is  worth  recording  that  the  load 
factor  for  the  power  supply  to  the  City  of  Christchurch, 
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New  Zealand,  was  45  per  cent  when  I  last  saw  the  official 
figures,  in  October  1915.  By  paying  attention  to 
opportunities  for  suitable  loads,  as  has  been  done  in 
this  case,  the  reduction  of  the  Working  hours  should 
not  cause  any  anxiety. 

Mr.  H.  Bentham  :  Mr.  Patchell  has  spoilt  his 
paper  by  trying  to  compare  a  one-shift  private  plant 
with  a  public  supply  \indertaking  operating  under 
ordinary  conditions,  much  to  the  disadvantage  of  the 
latter.  Such  comparisons  might  result  in  many  mis- 
leading conclusions.  The  results  shown  in  Tables  2 
and  4  are  good,  but  they  are  not  ordinary  working 
conditions.  Load  factors  of  73-6  per  cent  (Table  2) 
and  102  per  cent  and  84  per  cent  (Table  4)  are  not 
attainable  in  any  plant  which  operates  continuously  ; 
they  are  much  too  ideal.  This  plant  has  undoubtedly 
been  working  under  the  best  possible  conditions.  I 
think  it  will  be  generally  agreed  that  gas  plant  operating 
under  a  steady  load  and  at  a  high  load  factor  is  much 
more  reliable  and  dependable  than  when  working  under 
other  conditions.  It  would  be  interesting  to  know 
whether  the  results  would  be  equally  satisfactory  under 
fluctuating  load  conditions.  The  load  factor  of  most 
industrial  electric  supply  undertakings  is  in  the  neigh- 
bourhood of  30  per  cent,  and  if  the  results  given  in 
Table  8  were  corrected  to  this  load  factor,  I  estimate 
the  total  costs  at  i  •75d.  instead  of  o-yid.  per  unit, 
a  very  material  difference.  Applying  a  similar  revision 
to  the  plant  under  discussion  in  connection  with  the 
Coal  Controller's  figures  (page  428)  the  thermal  efficiency 
of  the  gas  plant  would  be  8-15  per  cent,  a  figure  some- 
what less  than  that  for  the  steam  stations.  One  must 
remember  that  a  public  supply  caters  for  all  classes 
of  load,  good  and  bad,  and  fits  the  tariff  to  suit.  Is 
the  local  undertaking  used  as  a  standby  to  this  plant, 
or  for  use  in  effecting  week-end  repairs  ?  It  would  be 
interesting  if  the  author  could  give  us  some  idea  of  the 
present  capital  cost  of  gas  plant.  I  should  imagine 
there  is  a  greater  discrepancy  between  1920  and  1917 
prices  than  betweeij  those  for  1916  and  191 7. 

The  fact  brought  out  on  page  432  of  Mr.  Fowles's 
paper,  that  practically  3,000  kw.  of  energy  from  blast 
furnaces  is  going  to  waste  under  old  methods  of  working, 
fully  warrants  the  writing  of  this  paper.  There  are, 
however,  one  or  two  points  which  I  do  not  quite  grasp, 
and  upon  which  I  should  like  the  author's  explanation. 
He  says  on  page  432  that  450,000  cubic  feet  of  gas 
per  hour  is  equivalent  to  about  3,000  units  of  electricity. 
This  is  a  thermal  efficiency  of  22-7  per  cent.  Is  this 
actually  obtained  ?  Also,  should  not  the  figure  1,030 
million  be  1,314  million  ?  If  not,  how  is  the  1,030 
million  units  per  annum  arrived  at  ?  I  should  like 
to  know  whether  the  power  used  in  the  rolling  mills, 
shipyards,  etc.,  is  taken  (i)  direct  from  the  gas-driven 
plant,  or  (2)  from  the  general  supply  into  which  the 
gas  plant  is  feeding.  If  the  former,  what  is  the  beha- 
viour of  the  gas  plant  under  violent  load  fluctuations  ; 
and  if  the  latter,  does  the  gas  plant  carry  its  fair  share 
of  the  fluctuating  load  ?  I  am  not  quite  clear  about 
Table  7.  Perhaps  the  author  will  explain  how  the 
figures  for  "  saved  in  electrical  energy  "  and  "  extra 
units  of  electricity  generated  "  on  both  sides  of  the 
balance  sheet  are  arrived  at. 


Mr.  J.  Hargrove  :    It  may  be  of  interest  to  describe 
a   plant   installed   about    1912   in   North   Staffordshire. 
The  plant  consists  of  two  high-speed  vertical  gas  engines 
which  use  the  waste  gas  from  a  by-product  coke-oven 
plant,    the  gas   containing   a   very  high   percentage   of 
hydrogen.     Each  engine  is  designed  to  develop  a  full 
load  of  450  b.h.p.  and  is  direct  coupled  to  a  three-phase 
50-period    2,600-volt   alternator.     The  plant  consisting 
of   engines,   alternators,    foundations,   switchboard   and 
half  a  mile  of  cable,   with   pumps,   pipework  and   tar 
extractor,    cost    roughly   ;^io,ooo.     Thus,    the    pre-war 
running   cost,    allowing    15   per   cent   for   interest   and 
depreciation,  wages  for  three  men,  oil  and  waste,  and 
the   manager's   salary,    is   about   ;^2,46o.     The   engines 
are  chiefly  used  to  supply  the  colliery  pumping  plant. 
The  number  of  units  generated  per  week  is  about  40,000, 
one  engine  being  used  as  a  stand-by.     From  the  above 
figures  it  will  be  noted  that  the  pre-war  cost  per  unit 
is    approximately    o-28d.     Owing    to    the    increase    in 
wages  and  capital  cost  of  plant  for  a  new  installation, 
the  running  cost  would  not  be  less  than  o-8d  per  unit. 
No  allowance  has  been  made  in  these  figures  for  buildings, 
but  fuel  is  included.     Great  difficulty  was  experienced 
originally  owing  to  the  high  percentage  of  hydrogen  in 
the  gas  ;    and  to  enable  the  plant  to  work  satisfactorily 
on  continuous  loads  it  was  found  necessary  to  take  a 
proportion   of   used   gas  from  the  silencers  through  an 
air  cooler  to  the  gas  inlet  of  the  engine,  which  has  the 
effect   of  reducing   the   temperature  of   the   flame   and 
prevents  the  burning  of  the  cylinder  heads  and  explosions 
in  the  silencer.     On  one  occasion  an  explosion  in  the 
silencer  was  sufficiently  great  to  blow  off  the  silencer 
end,  which  was  carried  some  20  to  30  yards.     As  the 
fuel  for  the  engine  is  spare  gas  from  the  by-products 
plant  and   the  running  of  the  gas  engine  necessitates 
constant  adjustments  and  attention,  it  is  very  question- 
able whether  it  is  not  better  policy,  especially  in  con- 
nection   with   a   colliery  to    install    well-designed    gas- 
fired   water-tube  boilers   and  steam  turbines,    even   at 
the  expense  of  the  efficiency,  which  is  not  so  important 
in  such  a  case  as  reliability,  because  the  steam  plant 
should   not  require  so  much  skilled   attention   as  was 
found  necessary  in  the  plant  described  above. 


Mr.  W.  H.  Patchell  (in  reply,  communicated)  : 
The  author  much  appreciates  the  interest  and  criticism 
that  his  paper  has  aroused,  and  regrets  that  he 
was  unable  to  accept  the  mvitations  of  some  of  the 
Territorial  Centres  to  attend  their  meetings.  The 
discussion  on  the  accompanying  paper  by  Mr.  Fowles 
and  on  his  paper  was  so  lengthy  as  to  leave  no  time 
for  verbal  reply  ;  he  will  therefore  endeavour  to  con- 
centrate on  meeting  points  some  of  which  were  made 
by  several  speakers  and  so  condense  his  remarks. 

Mr.  Taylor  and  others  are  confused  as  to  the  question 
of  surplus  steam.  The  statement  on  page  423  that 
the  actual  amount  of  coal  for  steam-raising  is  6-25 
per  cent  of  the  coal  gasified  refers  to  steani  for  the 
gas  plant  as  a  whole.  Table  2  deals  with  the  power 
plant  only.  As  only  42  •  7  per  cent  of  the  gas  at  Messrs. 
Hoffmann's  was  used  for  power  purposes,  the  steam 
generated    by    the    exhaust    boilers    was   not    sufficient 
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to  meet  the  requirements  of  the  gas  plant  as  a  whole. 
Large  furnaces  may  be  economically  fitted  with  waste- 
heat  boilers,  but  the  furnaces-  at  Messrs.  Hoffmann's 
are  so  small  as  to  render  such  treatment  uncommercial. 
If  the  whole  of  the  gas  plant  were  required  for  power 
purposes  then  it  would  be  correct  to  take  the  figure 
of  1-7  lb.  of  coal  per  kilowatt-hour.  In  the  case  of 
a  very  large  plant,  no  doubt,  the  power  demands  would 
be  such  that  the  figure  of  1-51  lb.  per  kilowatt-hour 
would  be  realized.  .\s  regards  the  effect  of  the  sulphate 
of  ammonia  recovery  on  the  fuel  bill  under  the  con- 
ditions and  at  the  prices  stated,  the  net  result  is  the 
reduction  of  the  cost  of  fuel  by  a  per  cent. 

The  efficiency  of  a  gas  plant  is  an  interesting  point 
and  somewhat  difficult  to  check,  for  the  reasons  stated 
on  page  424.  It  was  impossible  to  obtain  exact  figures 
for  the  amount  of  gas  made  ;  it  is  certain,  however, 
that  the  figures  used  are  very  closely  approximate, 
and  the  average  efficiency  during  the  six  months 
covered  by  the  report  comes  out  at  77-6  per  cent. 
Mr.  Taylor  suggests  a  figure  of  79-3  per  cent  arrived 
at  in  a  slightly  different  way.  Messrs.  Bone  &  ^^'heeler 
■reported  on  their  tests  {Journal  of  the  Iron  and  Steel 
Institute,  1907,  vol.  73)  from  which  ^Ir.  Taylor  calcu- 
lates 76  per  cent   efficiency  with   13-25  per  cent  CO^. 

It  is  interesting  to  compare  the  composition  of  gas 
reported  on  by  Mr.  Humphrey  in  his  1897  paper  with 
that  quoted  on  page  424. 


I   must  not  be  taken   as   advocating  gas  engines   in    all 
cases,  but  with  a  load  factor  of  over  50  per  cent  gas 
engines   can    be   run    with   a   fuel   consumption    which 
will    compare    verj-    favourably    with    that    of    steam 
turbines,    and    at    the    same    time    the    important    by- 
product sulphate  of  ammonia  may  be  recovered.     As 
regards   the  cost  of  renewals  and   repairs,   the   author 
agrees  that  the  figures  are  too  high,   as  he  stated   in 
the    preamble    of    the    paper.     The    plant    at    ]Messrs. 
Hoffmann's  includes  steam  engines,  suction  gas  engines 
and    Diesel   oil    engines,    the    repairs    and    overhauling 
are  carried  out  by  the  same  vaen,  and  it  is  difficult  to 
make  an  exact  division  of  the  items  between  the  old 
and  the  new  plants.     The  war  conditions  contributed 
very  considerably  to  the  item,  and  the  fact  that  the 
plant  had  to  run  all  hours  no  doubt  added  considerably 
to  the  general  cost  of  repairs.     Had  close  figures  been 
kept  of  the  repairs  to  the  old  and  the  new  plant  separ- 
ately,   no    doubt    a   more    favourable    figure    could    be 
obtained  for  the  new  gas  plant.     On  the  question  of 
capital  charges  and  running  costs,   it  is  interesting  to 
turn  back  to  the  reference  which  Mr.  Leonard  Andrews 
gives    in    the   paper   contributed    by    himself   and    Mr. 
Porter  [Journal  I.E.E.,  vol.  43).     Mr.  Fennell  suggests 
that  a  capital  charge  of  ;^5o  per  kilowatt  is  enormous 
and  not  to  be  considered,  but  he  must  remember  that 
the  cost  of  the  large  steam-turbine  station  now  being 
built  at  Birmingham  is  estimated  at  over  ij  millions 
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The  close  agreement  is  somewhat  remarkable,  and 
Mr.  Humphrey  claims  in  connection  with  his  tests  an 
efficiency  of  81  per  cent,  so  that  Mr.  Taylor's  figure 
comes   between   Mr.    Humphrey's   and   the   author's. 

Mr.  Rambush  suggests  an  improvement  in  efficiency 
by  using  the  hot  water  from  the  jackets  of  gas  engines. 
This  is  an  interesting  field  but  is  not  altogether  new  ; 
the  matter  was  in\-estigated  and  articles  are  to  be 
found  thereon  in  Power  (11  April,  191 1,  by  E.  D. 
Dreyfus  and  6  October,  1914,  by  J.  B.  Merriam).  The 
effect  on  the  efficiency  of  a  gas  engine  of  varying 
the  temperature  of  cooling  water  has  been  investigated 
by  previous  experimenters.  The  limiting  temperature 
is  frequently  found  to  be  due  to  the  scale-forming 
properties  of  the  cooling  water  and  not  to  Jhe  thermal 
efficiency  of  the  gas  engine. 

Jlr.  Woodhouse  in  his  remarks  ignores  the  fact  that 
more  steam  than  that  necessarv'  for  the  proportion 
of  the  gas  plant  used  for  power  purposes  is  raised  by 
exhaust  boilers  and  tar.  Taking  his  rough  figures  of 
30s.  per  ton  for  coal  and  a  recovery  of  sulphate  per 
ton  of  coal  gasified  equal  to  a  net  value  of  los.,  it  is 
clear  that  the  fuel  cost  is  reduced  by  33  per  cent  as 
stated  above.  Naturalh-  the  respective  values  of  coal, 
sulphate,  and  acid,  affect  the  commercial  operation  of 
any  plant  of  this  kind.  Pre-war  conditions  were 
certainly  more  favourable  than  those  now  existing. 

It  is  agreed  that  the  load  factor  has  a  vital  effect 
and  is  a  most  important  consideration  in  the  question 
Of    gas    engines    versus    steam    turbines.     The    author 


sterling.  Mr.  Chattock  in  his  evidence  at  the  Local 
Government  Board  inquiry  is  reported  to  have  stated 
the  cost  as  744  per  kilowatt,  as  compared  with  a  pre-war 
price  of  /15  per  kilowatt  for  the  same  work. 

Mr.  Forrest  in  criticizing  Table  8  suggests  that  the 
capital  charge  on  the  complete  plant  should  have  been 
included.  The  figures  given  in  that  table  are  not 
estimates  but  records  obtained  during  six  months' 
operation  of  the  first  plant  in  1918.  The  second 
portion  of  the  plant  was  only  put  into  operation  in 
March  1919,  as  stated  in  the  paper.  It  is  obvious 
that  it  would  have  been  improper  to  include  the  capital 
charges  on  the  complete  plant  or  upon  more  of  the  first 
plant  than  the  proportion  due  to  the  two  gas  engines. 

Mr.  Bentham  suggests  that  the  paper  describes  a 
plant  operating  one  shift,  and  compares  it  with  a  plant 
operating  under  usual  public  supplv  conditions.  The 
"  one-shift  plant  "  starts  on  Sunday  night  and  runs 
through  until  the  following  Saturday  dinner-time,  the 
power  load  being  subject  to  the  usual  meal-time 
variations.  Possibly  Mr.  Bentham  has  misunderstood 
the  penultimate  paragraph  in  the  paper  where  it  is 
suggested  that  the  present-day  tendencies  point  to 
a  shortened  working  week  with  only  one  shift  worked 
per  day,  say  40  operating  hours  per  week.  Such 
conditions  would  render  low-priced  power  production 
impossible  for  either  private  or  public  generating 
stations.  It  is  a  very  serious  consideration,  and  if 
coal  conser\-ation  or  thermal  efficiency  were  the  only 
factor  it  would  be  very-  severe  on  steam  stations. 
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Mr.  Wilson  is  very  optimistic  and  cites  Christchurch, 
New  Zealand,  as  operating  at  about  45  per  cent  load 
factor.  Possibly  the  fact  that  the  power  plant  there 
is  hydro-electric  enables  very  low  rates  to  be  offered, 
or  the  local  conditions  are  exceptional.  If  the  muni- 
cipal owners  of  plant  can  suitably  arrange  hours  for 
pumping,  etc.,  the  load  factor  may  be  materially 
affected  and  improved.  However  it  is  done  at  Christ- 
church  it  is  interesting,  as  the  Detroit  Edison  Company 
with  a  huge  general  supply,  including  railways,  only 
run  at  from  45  to  50  per  cent  load  factor,  based  on 
units  sent  out  of  the  steam  stations. 

The  progress  reported  during  the  war  with  the 
Holzwarth  gas  turbine  is  very  interesting.  In  the 
paper  referred  to  by  Mr.  Lymn  (Zeitschrift  des  Vereins- 
dt'utschcr  Inginieure,  28  Feb.,  1920)  certain  curves 
and  tests  are  given  which  seem  to  show  a  \ery  impor- 
tant advance  and  a  full-load  performance  nearly  as 
good  as  that  of  a  reciprocating  gas  engine,  while  the 
curve  of  total  heat  used  more  nearlv  approaches  the 
"  Willans  law,"  with  a  no-load  consumption  of  about 
40  per  cent  of  that  at  full  load. 

IV'Ir.  Gibbons  mentioned  that  the  quantity  of  lubri- 
cating oil  used  has  been  halved.  He  is  quite  correct. 
The  last  four  engines  put  in  are  lubricated  on  the 
Premier  Company's  standard  banjo  system.  The  first 
two  were  fitted  for  forced  lubrication  and  have  now 
been  altered  to  standard.  It  was  found  that  excessive 
quantities  of  oil  were  drawn  out  of  the  crank  case  into 
the  cylinders  by  the  air  supply. 

The  remarks  by  Mr.  Bass  as  to  the  reliability  and 
suitability  of  the  plant  are  from  the  user  and  can  be 
appreciated  as  such.  That  the  dirty  state  into  which 
many  gas  plants  are  allowed  to  get  is  quite  unnecessary 
has  been  proved  at  Messrs.  Hoffmann's  in  a  way  which 
reflects  credit  on  the  staff,  who  are  the  first  to  benefit 
by  it.  To  keep  a  plant  clean  is  to  diminish  the  risk 
of  failure  and  pays  as  well  with  a  gas  plant  as  with 
other  classes  of  machinery. 

Mr.  Chaney's  experience  is  another  interesting 
example  of  the  way  that  different  arrangements  of 
plant  may  give  an  economical  result.  He  is  right  as 
regards  the  use  of  best  coal.  It  has  been  common 
where  all  coal  was  cheap  to  use  the  best  instead  of 
lower  grades,  as  frequently  the  cost  of  carriage  formed 
an  important  iten^  in  the  cost  of  the  fuel  and  the  better 
grade  fuel  is  so  much  easier  to  operate.  In  spite  of 
Mr.  Lymn's  reminiscences  the  author  knows  nothing 
better  than  a  fixed  grate  for  burning  coal  and  a 
mechanical  grate  for  trying  to  burn  "  controlled  fuel." 
It  certainly  is  a  severe  test  of  the  plant  and  of  the 
operating  staff  to  have  to  handle  as  many  as  nine 
different  classes  of  fuel  in  the  course  of  a  month  and 
these  principally  rubbish,  but  such  has  been  the 
experience  with  the  plant  under  review. 

Dr.  Harker's  reference  to  the  Nitrogen  Products 
Committee  Report  is  very  appropriate.  The  amount 
of  work  entailed  in  the  preparation  of  that  valuable 
document  was  immense.  An  outstanding  point  in 
the  Report  is  the  coal  consumption  given  in  tons  per 
kilowatt-year,  on  the  basis  of  100  per  cent  load  factor, 
which  equals  i  •  66  lb.  per  kilowatt-hour  for  a  direct 
coal-fired  steam-turbine  plant,  and  3- 15  lb.  per  kilowatt- 


hour  for  complete  gasification.  Either  figure  is  improved 
on  by  the  performance  of  the  plant  under  review  which 
shows  1-7  lb.  per  kilowatt-hour  actual,  or  1-51  lb.  if 
the  surplus  steam  was  all  beneficially  used. 

In  conclusion  the  author  again  thanks  the  speakers 
one  and  all.  and  also  thanks  the  Council  for  the  mark 
of  their  appreciation  in  awarding  him  the  Ayrton 
Premium  for  his  paper,  which  he  hopes  will  be  of  real 
service  to  the  members. 

Mr.    S.    H.    Fowles     (in   reply,   communicated)  :      I 
am  afraid  that,  judging  by  Mr.  Woodhouse's  remarks, 
he  has  been  very  badly  informed  regarding  the  working 
of  blast  furnaces  and  their  waste  gases,  and  I  would 
refer  him  to  a  report  by  Professor  William  Bone  and 
Sir  Robert  Hadfield  on  "  Fuel  Economy  in  the  Manu- 
facture of  Iron  and   Steel,"  read  before  the   Iron  and 
Steel   Institute  in  September  last,   where,   from  actual 
tests,  it  is  stated  that  40  per  cent  of  the  gas  is  being 
wasted.     The   plant   described    is   at   Messrs.    Palmers' 
Shipbuilding  and  Iron  Company  and  is  one  of  the  most 
up-to-date  of  its  kind  in  this  country.     I  am  sure  that 
a  visit  from  the  members  of  this  Institution  would  be 
well  repaid  and  be  quite  a  revelation  to  Mr.  Woodhouse. 
Regarding  which  are  facts  and  which  are  statements, 
if   Mr.    Woodhouse   carefully   reads   the   paper   he   will 
notice  that  it  clearly  states  that  the  figures  are  taken 
over  a  working  year.     Professor  Bone's  and  Sir  Robert 
Hadfield's  figures  were  taken  as  an  average  of  several 
plants,  and  to  my  mind  the  paper  shows  very  clearly 
that  those  figures  have  been  substantiated  in  practice. 
Further,  it  is  a  fact  that  we  have  places  in  this  country 
to-day  where  many  blast  furnaces  are  blowing  gas  to 
the   atmosphere   at  the   rate   of  400   to   500   thousand 
cubic  feet  per  hour.      This  equals  about  3,300  kilowatts 
per  furnace  per  hour.     In  1914  there  was  not  one  iron 
and  steelworks   in   this  country  which  was  up-to-date, 
and  this  is  one  direction  in  which  Continental  engineers 
were  far  ahead  of  us.     To  my  mind  it  is  impossible  to 
become    up-to-date    by    using    our    surplus    gas    under 
boilers  until  we  get  a  more  efficient  boiler.     The  latest 
guarantee    figures  for  water-tube   boilers  in   December 
1919  were  as  follows  :    Taking  6,000  kw.  units,  250  lb. 
steam  pressure,  total  temperature  650°  F.,  28-5  inches 
vacuum,  the  guarantee  required  202  cubic  feet  of  gas 
under  boilers  per  kilowatt  plus  8  per  cent  for  auxiliaries. 
This  equals  21S  cubic  feet  of  gas  per  kilowatt,  i.e.  21,800 
therms  per  kilowatt  generated,  against  9,000  therms  per 
kilowatt   generated   on   large  gas   engines  and   exhaust 
boilers.     Mr.  ^^'oodhouse  seems  to  me  to  have  missed 
the  main  object  of  the  paper  and  I  must  again  refer 
him  to  the  second  paragraph  on  page  431  which  reads 
as  follows  :    "  It  is  for  us  to  look  for  better  methods  of 
using  our  wasted  heat  units  before  attempting  to  harness 
any   new  powers."     A   little   further  on   the   following 
appears  :    "  and  it  is  to  give  some  rough  outline  of  the 
better  way  in  which  this  gas  can  be  and  is  being  used, 
that  this  paper  is  written."     This,  I  think,  will  answer 
l\Ir.    Woodhouse's    remarks    as    to    whether    the    paper 
describes  a  plant  or  not.     Mr.  Woodhouse  mentions  that 
it  is  not  possible  to  use  all  the  blast-furnace  gas.     I 
must  totally  disagree  with  that  statement  ;    the  storage 
of  gas  would  never  be  taken  up  on  any  sized  plant. 
The  way  to  use  the  waste  gas  is  clearly  shown  in  the 
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paper,  i.e.  by  supplying  the  electrical  energy  by  gas 
engines  to  a  large  network  and  so  effecting  a  national 
saving.  This  is  actually  being  "done  on  the  Continent 
and  would  save  this  country  something  like  3,000 
million  tons  of  coal  per  annum.  We  must  remember 
that  the  power  companies  consume  2-5  lb.  of  coal  per 
unit  generated,  and  yet  we  waste  such  a  huge  amount  of 
gas  of  potential  power  and  value.  Mr.  Woodhouse 
remarked  that  the  case  is  not  so  bad  as  the  author  would 
make  out.  .\s  a  matter  of  fact  it  is  worse  than  actually 
stated,  and  the  surplus  gas  should  be  something  in  the 
neighbourhood  of  60  and  not  40  per  cent.  I  hope 
shortly  to  be  able  to  present  figures  from  actual  tests 
to  demonstrate  this.  In  the  comparison  of  boilers  and 
turbines  compared  with  gas  engines  there  is  no  surplus 
power  from  the  former,  but  we  have  a  considerable 
surplus  when  using  gas  engines,  the  conditions  being  of 
course  that  blast-furnace  gas  is  used.  The  paper  points 
out  that  the  whole  of  the  furnace  blowing,  the  iron 
and  steelworks,  boiler  shop  and  shipyard  are  supplied 
from  the  generating  engines  running  on  blast-furnace 
gas  which  was  originally  used  on  the  furnaces  them- 
selves, in  addition  to  about  200  tons  of  coal  per  week. 
Now  the  electrical  load  on  the  power  station  is  about 
6,000  kw.  and  is  divided  up  as  follows  :  Steelworks, 
3,000  kw.  ;  blast  furnaces,  1,000  kw.  ;  shipyard,  etc., 
2,000  kw.  Most  blast  furnaces  are  not  connected  with 
shipyards  and  some  not  even  with  steelworks,  so  that 
in  many  cases  there  is  evidently  5,000  kw.  going  to 
waste  or,  as  stated  in  the  paper,  being  very  inefficiently 
used.  In  addition  to  the  load  we  take  or  units  gener- 
ated, we  could  supply  the  following  units  to  a  power 
company  from  three  blast  furnaces  : — on  24  hours  of 
an  ordinary  weekday  70,000  units  ;  and  in  360  working 
days,  25,200,000  units.  Assume,  for  example,  that  50 
per  cent  of  the  ironworks  are  connected  to  steelworks  ; 
then  we  must  allow  the  following  additional  units  to 
be  saved  : — 25,200,000  plus  5,000  units  per  hour,  i.e. 
68,040,000  per  annum,  so  that  three  blast  furnaces 
with  steelworks,  shipyards,  etc.,  can  supply  for  the 
greater  scheme  25  million  units  per  annum.  And  three 
blast  furnaces  without  steelworks,  shipyard,  etc.,  can 
supply  for  the  greater  scheme  68  million  units  per 
annum,  i.e.  J  (68  -|-  25)  X  10'  or  46^  thousand  million 
units  per  annum,  that  is,  in  excess  of  the  ironmasters' 
requirements.  I  think  this  will  clear  up  the  matter  of 
wastage,  but  it  would  be  very  interesting  to  have  Mr. 
Woodhouse's  heat  balance-sheet  of  the  blast  furnaces 
where  he  remarks  that  they  use  all  their  gas  on  the 
works. 

The  general  meaning  of  the  paper  appears  to  have 
been  completely  overlooked.  It  seems  to  have  been 
thought  that  the  paper  was  intended  to  compare  large 
gas  engines  with  turbo  sets.  That  is  not  the  case. 
The  intention  was  to  show  the  most  economical  and 
efficient  way  of  using  up  our  waste  gas. 

Some  speakers  have  mentioned  storage  of  gas.  That  is 
quite  out  of  the  question.  The  small  townships  and 
company  supplies  should  be  compelled  to  link  up, 
take  all  the  spare  energy  from  such  sources,  and  store 
the  coal.  One  speaker  mentions  that  if  he  used  coal 
all  the  week  he  would  certainly  want  to  use  coal  and 
not  gas  on   Sundays.     That   is  not  the  true  spirit  in 


which  to  look  at  the  matter.  It  has  been  mentioned 
in  the  paper,  and  must  be  borne  in  mind,  that  my 
proposal  is  in  the  national  interest  and  not  in  individual 
or  company  interests.  Several  speakers  do  not  realize 
the  amount  of  spare  gas  available.  I  would  refer  them 
to  the  remarks  of  Captain  Pyne  and  Mr.  Ridge  which 
clearly  show  what  can  be  done.  Other  speakers  seem 
to  doubt  that  such  a  plant  exists.  To  them  I  would  say 
that  we  have  been  operating  now  for  several  years  and 
were  under  the  impression  that  everyone  knew  of  the 
great  wastage. 

Mr.  Preece  mentioned  that  he  did  not  xmderstand 
the  author's  attitude  with  regard  to  blast-furnace  gas 
under  boilers.  There  are  several  reasons  against  this. 
I  believe  I  am  correct  in  saying  that  blast-furnace 
practice  has  proved  that  the  turbo  blower  is  not  so 
adaptable  for  furnace  working  as  a  reciprocating  blower, 
owing  to  the  very  steady  pressure  from  the  former 
allowing  the  furnace  burden  to  stiffen  up  and  so  cause 
very  bad  working.  The  blower  under  these  conditions 
is  then  inclined  to  churn  the  air  and  relax  its  delivery. 
The  reciprocating  blower  does  keep  the  burden  more 
on  the  move  and  will  blow  against  a  tight  furnace  and 
build  up  a  pressure  until  it  breaks  through  the  burden. 
This  is  one  great  reason  why  reciprocating  blowers  have 
found  great  favour  amongst  the  ironmasters  of  this 
country,  and  more  so  amongst  the  ironmasters  on  the 
Continent.  Regarding  the  efficiencies  of  boilers  and 
large  gas  engines,  I  have  already  given  some  recent 
figures  in  reply  to  Mr.  Woodhouse.  I  would  refer 
Mr.  Preece  to  an  abstract  from  a  paper  on  "  Recent 
Progress  in  the  Design  of  Large  Blast  Furnace  Gas 
Engines  with  Special  Reference  to  Belgian  Practice," 
by  Professor  H.  Hubert  (Liege  University),  where  some 
very  useful  information  will  be  found  as  to  the  efficiencies 
of  large  gas  engines.  I  would  also  refer  to  a  paper  by 
Captain  C.  J.  Goodwin  before  the  Society  of  Chemical 
Industry  (i6th  July,  1919).  Still  further  information 
will  be  found  in  a  Report  *  by  Mr.  Cosmo  Johns  and 
IMr.  Lawrence  Ennis  to  the  British  Association  last 
September  on  the  fuel  economy  in  the  German  iron 
and  steel  industry.     The  following  figures  are  given  : — 


Number 
of  Works 

Furnaces 
in  Blast 

Gas  Driven 

Blast-fumace 
Blowing  Engines 

Converter 
Blowing  Engines 

Electric 
Generators 

5 

38 

64,000  h.p. 

34,000  h.p. 

86,100  kw. 

steam  plants  additional  in  all  cases. 

This,  to  my  mind,  is  a  very  striking  case  in  favour  of 
large  gas  engmes  as  against  boilers  fired  by  gas.  Un- 
doubtedly the  Germans  must  have  had  some  great 
reason  for  using  gas  engines,  and  it  is  an  acknowledged 
fact  that  they  are  much  in  advance  of  us  in  their  heat 
efficiencies.  Until  we  get  a  more  efficient  boiler  I  must 
hold  to  the  gas  engine  for  efficiency,  and  that  is  the 
vital  point  to-day,  especially  where  blast  furnace  or 
coke-oven  gas  is  being  wasted,      .\nother  notable  fact 
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462 


DISCUSSION   ON 


connected  with  all  the  Continental  plants  is  the  adoption 
of  waste-heat  boilers  on  the  exhaust  range  from  the  gas 
engines.  Some  very  useful  figures  are  available,  which 
go  to  show  that  we  are  still  a  very  long  way  from  true 
fuel  economy.  Something  must  be  done  to  utilize  this 
great  waste  and  it  must  be  done  efficiently.  True 
economy  is  not  always  found  in  first  cost.  It  is  my 
belief  and  hope  that  the  day  is  not  far  distant  when 
the  coal  to  produce  the  heat  units  for  the  manufacture 
of  iron  and  steel  will  not  be  carried  beyond  the  coke 
ovens,  and  it  will  be  forbidden  to  convey  coal  into  any 
iron  and  steelworks  beyond  the  coke  ovens.  I  can 
give  one  set  of  figures  of  iron  and  steelworks  boilers 
and  their  consumptions,  etc.  These  figures  are  from 
a  working  test  taken  during  the  last  6  months.  To 
generate  746  kw. -hours  or  1,000  h. p. -hours  on  the 
turbo  the  following  figures  were  noted  : 

900,000  cubic  feet  of  gas  at  95  therms  per  cubic  foot, 
216  lb.  of  coal  at  13,200  therms  per  lb. 

13,200  X  216  -f  900,000  X  95        „„ 
.-.  ^~ -^ — ^  =  88,451   therms    per 

'  b.h.p.-hour 

Large  gas  engines  and  exhaust  boilers  are  only  con- 
suming 7,100  therms  per  b.h.p.-hour.  This  will  clear 
up  the  point  of  boiler  efficiencies  against  gas-engine 
efficiencies. 

With  reference  to  Mr.  Hunter's  remarks,  the  plant 
described  was  never  clogged  up  with  mud,  neither  was 
all  the  power  plant  brought  to  a  standstill,  but  this  did 
happen  to  the  first  experimental  plant  in  Germany  some 
12  years  ago.  Neither  the  cost  of  the  plant  nor  the 
running  cost  is  higher  than  that  of  any  other  plant  ; 
in  fact,  they  are  lower  and  the  plant  is  more  satisfactory 
in  many  ways.  The  electrostatic  plant  has  yet  to 
prove  itself  for  gas-engine  working,  and  the  wet  plant 
certainly  saturates  the  gas  to  its  full  limit.  Therefore 
I  consider  that  the  Halberg-Beth  is  so  far  the  most 
suitable  for  engine  working.  Moreover,  I  am  very 
doubtful  whether  the  sensible  heat  mentioned  by 
Mr.  Hunter  holds  good  when  the  gas  has  a  long  distance 
to  travel  to  and  from  the  cleaning  plant.  The  com- 
petition wliich  we  have  to  face  will  certainly  compel 
sooner  or  later  all  blast-furnace  people  to  install  large 
gas  engines  on  the  grounds  of  efficiency.  Therefore 
the  most  suitable  plant  wiJl  be  the  one  that  caters  for 
them,  and  that  is  certainly  not  a  cold  wet  or  a  dry  hot 
process.  The  quantity  and  quality  of  the  gas  does  not 
vary  as  indicated  by  Mr.  Hunter,  and  I  am  convinced 
that  if  he  could  visit  a  modern  plant  it  would  be  a 
revelation  to  him.  The  last  paragraph  of  Mr.  Hunter's 
contribution  is  valuable,  and  to  some  extent  bears  out 
my  remarks  on  page  431  of  the  paper  where  it  is  stated 
that  under  the  old  conditions  coal  had  to  be  used  in 
addition  to  all  the  gas  that  was  made.  It  certainly 
gives  us  a  very  good  idea  of  the  very  inefficient  way 
in  which  many  blast-furnace  plants  are  being  run  even 
to-day.  The  plant  described  is  run  entirely  on  blast- 
furnace gas,  the  boilers  are  absolutely  cut  off,  and  the 
whole  of  the  blast-furnace  blowing  and  power,  steel- 
works, boiler-shop,  engine-works,  and  galvanizing  works 
are  kept  fully  supplied  with  electrical  power,  water 
and  air,  from  the  gas-driven  engines,' and  some  80  to 


100  thousand  B.O.T.  units  per  week  are  generated  in 
excess  of  our  requirements.  This  may  be  useful  data 
to  Mr.  Hunter  and  I  would  say  that  any  blast-furnace 
plant  that  cannot  maintain  this  proportion  of  load  is 
certainly  not  up-to-date.  It  is  well  known  that  this  is 
never  done  when  the  gas  is  used  under  boilers  of  the 
naost  modern  design. 

Any  maker  of  large  gas  engines  would  give  Mr. 
Bentham  a  guarantee  of  10,000  therms  per  brake  horse- 
power down  to  well  below  j  load  ;  that  is  equal  to 
150  cubic  feet,  at  100  therms  per  cubic  foot  per  kilowatt- 
hour.  The  figure  of  1,030  million  units  is  obtained 
thus  :  20,610,200  X  50  =  1,030  million  units  per  annum 
from  50  blast-furnace  plants  of  three  furnaces  each 
in  blast.  As  a  matter  of  fact,  that  is  only  just  50  per 
cent  of  the  furnaces  in  blast  and  is  given  as  a  very 
moderate  estimate.  Regarding  the  power  supply,  the  1 
paper  states  that  we  run  in  parallel  with  a  public  supply 
company,  so  this  power  is  taken  from  the  common 
source.  We  have,  however,  run  isolated  and  were  not 
disturbed  by  the  most  violent  swings  on  a  large  steel- 
works motor  of  several  thousand  horse-power.  The 
gas-engine  plant  whether  isolated  or  in  parallel  always 
takes  its  fair  share  of  the  peaks.  The  items  saved  on 
electricity  are  explaii^ed  as  follows  : — 

^88,540.     This  was  previously  bought. 

;^35,425.     This  is  due  to  an  extension,  and  would  be  the 

cost  if  the  units  had  to  be  bought  from  the 

above  source. 

.-.  ;f88,540  +  ./35>425  =  £ii3.965- 

The  cost  of  that  number  of  units  on  the  new  method 
=  ;^24.79i.  so  that  ^123,965  -  ^24,791  =  £99,174  saved 
on  the  total  units  generated. 

Mr.  Hargrove  points  out  that  he  paid  ;^io,ooo  for 
680  kw.  That  figure  is  very  high  for  pre-war  conditions. 
It  is  possible  for  one  man  to  attend  to  2,000  kw.  of 
gas-engine  plant  and  this  is  being  done  to-day.  This 
considerably  reduces  the  cost  per  unit  generated,  and 
our  figures  to-day  nowhere  approach  Mr.  Hargrove's 
pre-war  cost  per  unit  generated.  I  agree  with  Mr. 
Hargrove  that  coke-oven  gas  is  not  so  easy  to  deal 
with  and  I  would  refer  him  to  page  435  of  the  paper, 
where  the  subject  is  dealt  with.  With  blast-furnace  gas 
so  clean  and  free  from  tar,  and  so  low  in  value  and 
constant,  it  is  criminal  to  use  it  in  any  other  way  for 
power  than  in  large  gas  engines. 

In  reply  to  Mr.  Waite,  the  latest  figures  taken  at  the 
time  of  writing  the  paper  and  given  by  Mr.  D.  Wilson, 
Technical  Adviser  to  the  Controller  of  Coal  Mines, 
show  that  the  best  power  station  in  Northumberland 
was  consuming  i-81b.  of  coal  per  unit  generated  and 
had  a  thermal  efficiency  of  18  per  cent.  Now  at  11,000 
therms  per  lb.  this  equals  19,800  therms  per  kilowatt 
generated,  against  some  large  gas  engines  and  exhaust 
boilers  which  are  now  coming  out  well  under  10,600 
therms  per  kilowatt  on  blast-furnace  gas.  Now  if  we 
take  the  average  of  stations  in  the  same  district  and 
Mr,  Wilson's  2-40  lb.  of  coal  per  unit  generated,  and 
assume  11,000  therms  per  lb.  again,  we  get  26,300 
therms  against  10,000  on  our  large  gas  engines  and 
exhaust    boilers.     It    must    be    remembered    that    this 
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2*4  lb.    of   coal   is   on   modem   large-sized   water-tube 

boilers,  so  the  figures  I  quoted  of  20  per  cent  efficiency 
on  blast-furnace  boilers  compared  with  gas  engines  can 
well  be  understood. 

With  reference  to  Mr.  Rosen's  remarks,  I  must  repeat 
that  the  paper  was  not  written  to  compare  gas  engines 
with  large  turbines.  For  waste  gas  I  must  maintain 
that  the  gas  engine  is  the  best  proposition.  The  floor 
space  occupied  per  kilowatt  of  gas  engine  is  very  little 
more  than  that  of  boilers  and  turbines  even  in  the 
latest  stations.  Steam  plant  is  not  required  to  supply 
the  blast  for  the  furnaces,  this  being  done  by  large  gas- 
engine  blowers  (see  page  433).  The  steam  engines  were 
used  only  under  the  old  conditions. 

I  think  Mr.  Heslop  has  quoted  a  very  modern  steam 
station,  but  I  would  refer  him  to  my  reply  to  Mr.  Waite. 
I  would  quote  a  very  modern  plant  where  water-tube 
boilers  have  been  installed  and  work  under  the  following 
conditions:  Gas  made  =  3-0  million  cubic  feet  per 
hour  from  three  furnaces  ;  gas  lost  at  bleeders  =  0-5 
million  cubic  feet  per  hour  ;  gas  used  on  boilers  and 
stoves  =  25  million  cubic  feet  per  hour  for  furnaces 
only  ;  boiler  efficiencies  =  60  per  cent.  In  this  case, 
therefore,  they^have  no  gas  to  spare  for  other  purposes. 
I  think  this  will  prove  the  point  for  gas  engines  and 
the  efficiency  that  can  be  obtained,  also  the  wasteful 
manner  in  which  the  gas  is  being  used  on  the  plants 
generally  installed  in  iron  and  steelworks.  This  will 
serve  to  answer  more  fully  some  of  the  speakers' 
remarks  in  the  Middlesbrough  discussion  and  also 
Mr.  Hunter. 

Mr.  Coulson  says  that  there  has  not  been  an  adequate 
return  on  the  gas-cleaning  plant.  I  think  the  balance 
sheet  shows  the  return  quite  clearly  to  be  on  the  side  of 


cleaning  all  the  gas  thoroughly.  I  would  also  refer 
him  to  Captain  Pyne's  and  Mr.   Ridge's  remarks. 

In  reply  to  Mr.  Hobson,  the  seven  gas  engines  were 
installed  to  cope  with  an  extension  in  the  works.  We 
find  15  per  cent  to  be  ample  stand-by.  The  therms  are 
taken  at  10,000  per  brake  horse-power  on  full  load, 
the  small  variations  being  put  in  to  show  the  progress. 
The.  40  per  cent  of  cleaned  gas  for  stoves  is  to  allow 
a  liberal  margin  for  all  makes  of  stoves.  W'e  are  now 
getting  results  down  to  32  per  cent  and  hope  to  reduce 
this  figure  in  future.  The  total  number  of  continuous 
running  hours  on  a  gas-engine  generator  has  been 
1,200  at  95  per  cent  of  normal  full  load. 

With  reference  to  Mr.  Marshall's  remarks,  coal  is 
not  used  on  the  boilers  for  the  rolling  mills.  The 
complete  rolling  is  nowdone  electrically  from  the  power 
station.  The  load  curve  includes  all  the  yard  load 
of  the  various  departments,  as  previously  mentioned  in 
my  reply,  with  the  exception  of  the  extension  which 
has  lately  been  put  into  commission. 

The  0-15  million  cubic  feet  of  gas  used  per  furnace 
was  given  as  a  liberal  estimate  and,  as  stated  in  the 
paper,  is  an  approximate  figure  for  one  furnace  on 
the  new  method.  I  agree  with  Dr.  Morley  that  it 
is  high. 

Captain  Pjme  has  pointed  out  some  very  long  periods 
of  gas-engine  running  and  this  can  be  upheld  from  our 
practice  in  this  country.  It  will,  I  think,  remove  many 
doubts.  I  must  thank  Captain  Pyne,  Mr.  Pilling, 
Dr.  Morley  and  Mr.  Ridge  for  their  valuable  contri- 
butions to  the  discussion.  Mr.  Ridge  asks  for  an 
explanation  of  the  8-3  per  cent  oxygen  in  the  exhaust 
gas.  This  was  found  afterwards  to  be  due  to  an  air 
leak  in  the  main  where  the  exhaust  gases  were  tested. 
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The  electricity  supply  to  artisan  dwellings  which 
are  projected  and  in  course  of  erection  under  the 
Government  Housing  Scheme,  is  a  matter  of  much 
interest  to  many  electrical  engineers,  for,  although 
the  consumption  in  each  house  will  probably  be  very 
small,  the  number  of  houses  about  to  be  built  is  so 
great  that,  in  the  aggregate,  these  dwellings  may  use 
many  millions  of  units  in  the  j'ear. 

If  electricity  is  to  be  employed  in  this  class  of  house 
for  lighting  and  other  purposes,  it  would  appear  essential 
that  the  installation  costs  should  be  very  much  reduced 
from  those  to  wluch  we  are  now  beginning  to  become 
accustomed. 

The  argument  has  been  put  forward  that,  since  the 
present  cost  of  building  is  so  great,  and  the  cost  of  an 
electrical  installation  such  a  small  percentage  of  the 
total  figure,  economies  in  installation  costs  are  of  small 
importance. 

This  argument  appears  to  me  to  be  entirely  fallacious. 
It  is  human  nature  and,  in  my  business  expeiience,  I 
have  always  found  that  when  the  cost  of  any  work 
is  less  than  is  anticipated,  a  purchaser  is  ready  to 
spend  money,  but  that  when  the  cost  of  work  is  higher 
than  the  preliminary  estimates,  a  purchaser  will  seek 
to  economize  in  every  direction.  Thus,  the  greater  the 
cost  of  present-day  building  work,  the  more  important 
it  becomes  to  economize  in  such  services  as  water  and 
electricity  supply. 

Dealing  first  with  an  installation  for  the  supply  of 
lighting  only  to  an  artisan  dwelling,  I  find  from  examina- 
tion of  various  plans  that,  on  the  average,  the  house 
contemplated  would  require  9  lighting  points,  and  I 
have  had  estimates  prepared  for  the  internal  instal- 
lation work  on  various  methods  at  present  in  vogue, 
with  the  following  result  *  : — 

Cost  of  9-light  installation  in  screwed 
enamelled  welded  tube  with  600-meg- 
ohm  grade  CM. A.  cable  of  sizes  con- 
forming to  the  requirements  of  the 
Institution,  including  main  switch  and 
main  fuses,  distribution  board,  plain 
fittings,  lamps  and  switches  .  .  .  .     ;£i9  13s.     8d. 

The   same    in    close-joint   conduit    with 

continuity  fittings         i;i4     is.     od. 

The  same  in  wood  casing  .  .  .  .     £iC>     3s.     od. 

The  same  with  wires  carried  on  porce- 
lain cleats  and  unprotected  except 
where  they  rise  through  floors  and 
pass  through  walls        ..  ..  ..     ;^ii     4s.     8d. 

•  All  estimates  in  ihis  paper  ara  based  on  the  prices  ruling  in  the  autumn  of 
1919  and  the  si7.es  of  wires  then  in  common  us--.  Increases  in  the  cost  of 
labour  and  mateLial  and  recent  variations  in  the  sizes  of  wirts  do  not.  however, 
n  aterially  alter  the  comparative  figures. 


Examining  the  points  where  it  would  seem  possible 
to  effect  a  saving,  I  would  first  suggest  that  a  main 
switch  in  these  small  dwellings,  when  lighting  only  is 
provided,  could  quite  well  be  eliminated,  substituting 
therefor  two  replacement  fuses.  A  small  main  switch 
is  very  rarely  used,  and  if  at  any  time  one  wants  to 
use  it  one  will  find,  in  nine  cases  out  of  ten,  that  it 
is  so  corroded  and  jammed  with  dust  and  dirt  that 
one  can  neither  pull  it  off  nor  put  it  on  without  breaking 
it.  If  we  rely  on  a  replacement  fuse  we  can  pull  it 
out  with  certainty  ;  and  if  we  try  to  put  it  in,  even 
with  all  lights  on,  no  harm  will  happen  on  such  a  small 
installation. 

From  examination  of  the  estimates  previously  given, 
I  am  of  opinion  that  some  form  of  uncased  cleat 
wiring  must  be  used,  on  the  grounds  of  economy. 

A  very  large  amount  of  work  was  carried  out  on  this 
system  for  the  \\'ar  Office  during  the  war  and  the 
late  Colonel  Seaman,  then  Chief  Electrical  Engineer 
of  the  War  Office,  informed  me  that,  although  he 
had  seen  much  of  such  work  carried  out  in  the  worst 
possible  manner,  he  had  never  traced  any  fire  or  accident 
happening  therefrom. 

With  regard  to  the  wires  themselves,  it  appears  quite 
unnecessary  to  use  such  costly  material  as  600-megohm 
grade  cable  on  the  neutral  side  of  those  systems  where 
one  pole  is  directly  and  permanently  connected  to 
earth,  since  at  the  outside  we  could  only  be  dealing 
with  differences  of  pressure  of  a  very  few  volts  between 
this  conductor  and  earth.  The  insulation  of  the  braiding 
of  the  wire  and  of  the  porcelain  cleat  would,  I  submit, 
be  amply  sufficient  for  the  neutral  side. 

It  may  be  suggested  that,  in  the  case  of  a  fault 
developing  between  the  outer  and  neutral  of  a  three- 
wire  system  of  distribution,  the  pressure  between  the 
neutral  and  earth  at  certain  points  may  rise  sufficiently 
to  involve  an  appreciable  fire  risk  in  the  event  of  a 
neutral  wire,  protected  by  braiding  only,  being  accident- 
ally brought  near  to  or  touching  an  earthed  conductor. 
This  suggestion  is  contrary  to  experience. 

Those  who  have  had  occasion  to  change  over  the 
poles  of  an  old  installation  on  a  three-wire  system  and 
have  noted  how  frequently  it  happens  that  on  doing 
so  the  fuses  are  at  once  blown,  will  agree  that  there 
are  to-day  an  enormous  number  of  installations  in 
which  the  insulation  on  the  neutral  side  is  practically 
nil,  and  yet  I  cannot  find  any  case  in  which  it  has  been 
observed  that  the  occurrence  of  a  fire  was  coincident 
with  the  development  of  a  fault  between  the  outer 
and  neutral  on  the  system. 

As  to  the  size  of  wire  employed,  at  the  present  time 
a  No.  18  S.W.G.  is  the  smallest  wire  permitted  by  the 
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Wiring  Rules.  The  considerations  on  which  this  Rule 
is  based  are  undoubtedly  mechanical,  not  electrical. 

I  would  suggest  that,  in  the  'case  of  twin  wires,  the 
minimum  size  permitted  should  be  reduced  from  No.  i8 
to  No.  20  S.W.G.,  since  the  mechanical  strength  of  a 
twin  20  S.W.G.  wire  is  at  least  equal  to  the  mechanical 
strength  of  a  single  18  S.W.G.  A  twin  wire  might  be 
used,  made  up  with  one  core  of  No.  20  S.W.G.  insulated 
to  6oo-megohm  grade  with  a  bare  No.  20  S.W.G.  laid 
in  long  spirals  around  this,  and  the  whole  braided 
over  all. 

Such  a  twin  conductor,  compared  with  two  separate 
conductors  of  No.  18  gauge,  effects  a  saving  of  50  per 
cent  in  the  cost  of  wire. 

In  such  a  building  as  we  are  considering,  a  No.  20 
S.W.G.  conductor  is  amply  large  enough  to  carry  all 
the  lights  required  at  a  pressure  not  less  than  200  volts. 

The  saving  due  to  the  employment  of  twin  wires  is, 
with  short  runs,  more  than  lost  in  labour  and  waste 
of  material  where  switch  drops  are  brought  down  to 
hand-level.  Where  the  switch  branch  leaves  the  main 
run  the  wires  must  be  cut  and  rejoin  ted,  and  between 
this  point  and  the  switch  one  core  is  wasted. 

I  would  therefore  propose  to  dispense  with  switch 
drops,  to  place  a  combined  switch  and  ceiling  rose  (or 
a  switch  and  ceiling  rose  mounted  together  on  the  same 
block)  on  the  wall  near  the  ceiling  level,  and  to  operate 
the  switch  by  a  cord  or  rod  attachment.  The  position 
of  the  combined  switch  and  ceiling  rose  can  generally 
be  chosen  so  as  to  be  close  to  the  door  of  the  room. 

From  this  ceiling  rose  I  would  run  a  twin  flexible 
wire,  passed  over  an  insulated  hook,  directly  to  the 
point  where  light  is  required.  This  twin  flexible  I 
would  again  construct  of  one  insulated  wire  and  one 
semi-insulated  wire.  In  this  way  a  saving  of  40  per 
cent  would    be  effected  in  the  cost  of    flexible    cords. 

Incidentally,  the  arrangement  proposed  has  the 
advantage  of  practically  insuring  branch  switches  being 
placed  on  the  live  side  of  the  system — a  point  which 
I  have  frequently  found  neglected  on  otherwise  well- 
executed  installations. 

Another  incidental  advantage  is  from  the  point  of 
view  of  appearance.  A  single  wire  run  on  single-way 
porcelain  cleats  is  much  less  conspicuous  and  of  better 
appearance  than  the  usual  two  or  threa  wires  run  side 
by  side  on  two-  or  three-way  cleats. 

Where  conductors  run  of  necessity  through  floors, 
they  should  be  protected  up  to  the  skirting  level  or 
possibly  above  hand  reach,  preferably  in  f  in.  insulating 
tube.  They  should  also  be  protected  in  a  simUar 
manner  where  passing  through  walls.  Such  protection, 
primarily  mechanical,  would,  with  the  braiding,  provide 
for  the  otherwise  bare  conductor  sufficient  insulation 
to  prevent  electrolytic  action. 

The  total  result  of  the  economies  suggested  is  that 
the  cost  of  a  g-light  installation  as  described  would 
amount  to  I'j,  as  against  a  sum  varying  from  ^ig  13s.  8d. 
to  £i\  4s.  8d.  for  the  cost  of  a  similar  installation  on 
the  recognized  methods  before  referred  to. 

In  each  case  my  estimates  are  based  upon  the  perhaps 

somewhat  haphazard  methods  at  present  in  vogue,  in 

which  there  is  practically  no  co-operation  between  the 

architect,   the  builder,   and  the  electrician.     The  usual 
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custom  is  for  the  bricklayer  to  build  his  walls,  the 
plasterer  to  render  them  carefully,  and,  when  all  this 
is  nicely  done,  for  the  electrician  to  come  along  and 
cut  away.  This  may  be,  in  the  long  run,  the  cheapest 
way  of  proceeding  when  we  are  dealing  with  one  large 
building ;  but  when  we  are  dealing  with  small  buildings, 
the  design  of  which  is  exactlv  repeated  hundreds  and 
thousands  of  times,  I  hope  that  we  shall  see  closer 
co-operation  between  the  architect,  the  builder,  and 
the  electrician,  so  that  wood  fixing  blocks  will  be  built 
in  at  all  positions  where  fixings  are  required,  and  that 
passage  ways  will  be  left  where  necessarv  in  all  walls 
and  ceilings.  These  fixings  can  be  provided  practically 
without  additional  cost  as  the  building  proceeds,  whilst 
the  labour  of  cutting  away,  and  making  good,  amounts 
to  approximately  one-third  of  the  total  labour  on  the 
installation. 

The  revenue  from  lighting  only  at,  say,  6d.  a  unit, 
would  probably  not  amount  to  more  than  {z  to  £3 
per  annum  from  each  house.  The  cost  of  a  separate 
service,  service  fuses  and  meter,  for  each  house  would 
probably  amount  to  not  less  than  {fi.  Allowing  10 
per  cent  for  interest  and  depreciation  on  services  and 
meters,  these  charges  would  amount  to  roughly  one- 
third  of  the  expected  revenue.  It  is  therefore  of 
importance  that  the  capital  cost  of  services  be  materially 
reduced. 

Doubtless  one  .service  would  be  arranged  for  a  group 
of  houses,  and  I  would  suggest  that  the  supply  from 
house  to  house  of  the  group  should  be  made  by  means 
of  bare  overhead  wires  carried  on  insulators  attached 
to  the  chimneys  of  the  buildings,  and  that  the  supply 
should  enter  at  the  top  of  the  house  and  not  at  the 
bottom,  the  supply  authority's  apparatus  being  fixed 
on  the  upper  floor  instead  of  on  the  lower  floor.  This 
arrangement  has  the  further  advantage  of  providing 
the  driest  position  for  fixing  the  supply  authority's 
apparatus. 

A  meter  for  each  separate  consumer  is  a  heavy  charge 
for  the  anticipated  revenue,  and  where  lighting  only 
is  installed  consumers  might  be  charged  a  fixed  annual 
rate  and  a  meter  eliminated. 

The  objections  to  such  a  fixed  charge  under  a  contract 
for  lighting  only  is  that  it  leads  to  extravagant  con- 
sumption and  to  the  dishonest  use  of  lighting  points 
for  electric  kettles,  irons,  and  all  the  various  appliances 
which  can  be  utilized  with  a  lamp-socket  adapter  ; 
or,  on  the  other  hand,  to  the  use  of  electricity  for 
domestic  purposes  other  than  lighting  being  hampered. 

I  have  tried  the  method  in  two  small  agricultural 
towns  of  a  very  similar  size  and  character,  with  results 
varying  in  a  remarkable  way.  In  the  one  case  the 
annual  consumption  worked  out  on  the  average  to 
31  units  per  40-watt  lamp  installed.  In  the  other 
case,  the  annual  consumption  worked  out  at  46  units 
per  lamp  installed,  and  this  method  of  charging  had 
to  be  abandoned.  On  investigation,  it  was  found 
that  there  were  a  very  large  number  of  kettles,  irons, 
etc.,  used  in  the  town,  the  current  for  which  was  not 
paid  for  :  and,  in  fact,  as  a  method  of  promoting  the 
sale  of  domestic  appliances  I  would  commend  this 
system  of  charging  for  the  consideration  of  the  Electrical 
Development    Association.     I    would    hazard    a    guess 
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that  there  were  more  electric  irons  and  heaters  sold 
per  head  of  population  in  the  town  in  question  than 
in   any   other  town   in   the   United   Kingdom. 

I  think  that  for  houses  built  under  the  Housing 
Scheme,  which  will  to  a  large  extent  be  of  exactly 
the  same  size  and  type,  the  difficulty  of  improper  use 
of  current  supplied  under  a  contract  for  lighting  only 
could  be  met  by  installing  one  meter  for,  say,  every 
dozen  or  20  houses,  charging  a  fixed  rental  sufficient 
to  cover  the  most  extravagant  use  of  current  for  lighting 
purposes,  and  allowing  a  quarterly  rebate  to  each 
consumer  when  the  meter  reading  showed  a  consumption 
below  the  predetermined  estimated  figure.  By  this 
means,  it  would  be  to  the  interest  of  each  consumer 
to  economize,  and  the  improper  vise  of  current  for 
purposes  not  included  in  the  contract  would  probably 
be  at  once  notified  and  stopped.  The  other  objection, 
that  development  is  hampered,   still  remains. 

It  is  highly  desirable  that  a  supply  of  electricity 
should  be  available  for  all  purposes — for  heating,  for 
cooking,  house  cleaning  and  washing,  and  for  small 
power  for  labour-saving  devices.  For  a  general  supply 
a  separate  meter  for  each  house  appears  to  be  essential, 
but  the  anticipated  revenue  would  be  sufficient  to 
justify  this  e.xpenditure. 

To  avoid  installing  two  meters,  one  for  lighting  and 
one  for  power,  the  system  of  charging  a  fixed  annual 
sum  plus  a  small  charge  per  unit  used  for  any  purpose 
has  distinct  advantages.  The  ideal  system,  which 
should  be  free  from  complication,  easUy  understood 
by  the  consumer,  adapted  to  promote  the  general  use 
of  electricity  for  all  purposes,  and  equitable,  has,  I 
think,   still  to  be  found. 

As  regards  heating,  I  do  not  think  we  can  anticipate 
the  elimination  of  fires  from  the  room,  or  rooms,  where 
heat  is  constantly  required.  Our  British  prejudices 
call  for  a  fire  that  we  can  poke  and,  although  an  open 
coal  fire  is  undoubtedly  wasteful,  it  is  at  all  events  a 
very  healthy  form  of  waste  in  the  living  room,  as  it 
ensures  proper  ventilation. 

In  bedrooms,  where  artificial  heat  is  only  required 
in  case  of  sickness  and  on  rare  occasions,  electric  stoves 
are  eminently  suitable. 

The  suggestion  has  been  made  that  considerable 
economies  in  building  would  be  effected  by  completely 
dispensing  with  chimneys  and  grates  ;  and,  with  the 
one  exception  of  the  main  living  room,  I  think  this 
could   be   done   with   great   advantage. 

I  am  informed  that  the  saving  in  cost  of  building 
by  dispensing  with  chimneys  and  grates  in  all  rooms 
but  the  living  room,  and  by  substituting  for  them 
efficient  forms  of  ventilation,  would  amount  to  approxi- 
mately £25  per  house  and  would  further  provide  an 
additional   15  square  feet  of  available  floor-space. 

The  cost  of  wiring  with  twin  wires  as  previously 
described  for  the  heating  plug  in  each  room  from  which 
a  fireplace  has  been  removed  would  only  amount  to 
approximately  i8s.  per  point,  or  -£4  los.  for  the  house 
with  five  power  points.  I  have  not  included  in  this 
figure  the  cost  of  the  electric  stoves  themselves,  for  it 
seems  quite  unnecessary  that  these  should  be  provided 
by  the  landlord  for  each  room  in  each  house.  Electric 
stoves,  and  other  electrical   apparatus  which  are  only 


occasionally   used,    should   be   available   on   the   estate 
for   hire   by   the   tenants. 

With  regard  to  electrical  cooking,  by  reason  of  the 
complete  control  and  lower  average  temperature 
required,  the  resultant  saving  in  food  wastage  alone 
should  cause  the  adoption  of  electrical  cooking  on 
grounds  of  economy. 

There  are  on  the  market  several  satisfactory  kitchen 
outfits  suitable  for  a  working-class  family,  and  the  cost 
of  such  an  outfit,  consisting  of  an  electric  oven 
18  in.xi5  in.xi5  in.  with  four  controls,  boiling  plate 
18  in.  X  10  in.  with  three  controls,  a  grill  g  in.  x  8  in. 
and  a  two-pint  kettle,  would  amount  to  about  £1^  at 
present  prices,  and  the  daily  consumption  for  cooking 
for  a  family  of  five  would  average  about  7J  units. 
In  the  United  States  the  average  figure  is  stated  to  be 
under  i  unit  per  day  per  person. 

It  will  pay  the  electricity  supply  undertaking  to 
quote  preferential  rates  for  cooking  in  an  artisan 
dwelling,  since  the  range  will  be  used  chiefly  for  the 
midday  dinner  at  or  near  the  time  of  minimum  day- 
time load  on  the  station. 

The  stumbling  block  to  electrical  cooking,  however, 
is  the  question  of  domestic  hot-water  supply.  In  the 
majority  of  cases  a  domestic  hot-water  supply  is  in- 
adequately provided  from  a  saddle-back  boiler  in  the 
kitchen  fire.  This  is  not  satisfactory,  as  hot  water 
is  only  available  when  there  is  a  large  kitchen  fire,  or 
it  is  very  uneconomical  if  a  large  fire  is  kept  up  for 
the  sole  purpose  of   providing  hot  water. 

The  alternative,  of  using  a  separate  stove  burning 
anthracite,  is  more  convenient  and  more  economical 
than  keeping  a  kitchen  fire  alight  to  provide  hot  water  ; 
but  this  method  is  perhaps  still  too  expensive  for  the 
artisan  dwellings  under  consideration. 

An  adequate  supply  of  hot  water  from  an  anthracite 
stove  for  a  family  of  five  persons  will  require,  approxi- 
mately, an  average  consumption  of  22^  lb.  of  anthracite 
per  day.  Taking  anthracite  as  costing  at  the  present  time 
^3  5s.  a  ton,  the  daily  cost  amounts  to  appro.ximately 
7|d.  Roughly,  this  will  provide  the  equivalent  of 
50  gallons  of  hot  water  at  a  temperature  of  104°  F. 
Better  results  could  undoubtedly  be  obtained  by 
lagging  the  usual  hot-water  cistern  and  supply  pipes. 
With  the  present  crude  form  of  unlagged  cisterns  and 
unlagged  pipes,  the  heat  losses  over  a  period  of  24 
hours  amount  to  an  average  of  approximately  70  per 
cent  of  the  total  heat  units  put  into  the  hot  water 
This  calculation  is  based  on  the  losses  from  a  cubic 
cistern  containing  20  gallons  and  30  ft.  of  i  in.  hot- 
water  pipe  at  a  temperature  of  130°  F.  and  surrounding 
atmosphere  and   inflowing  water  at  55°  F. 

Another  alternative  is  to  obtain  the  hot-water  supply 
from  a  gas-heated  geyser.  To  obtain  the  same  quantity 
of  hot  water  at  the  same  temperature,  namely,  50 
gallons  at  104°  F.  raised  from  55°  F.,  would,  according 
to  figures  given  by  manufacturers  of  geysers,  require 
a  consumption  of  75  cubic  feet  of  gas,  to  which  must 
be  added,  if  the  arrangement  is  to  be  convenient,  the 
amount  consumed  by  a  pilot  burner,  which  would  be 
alight  for,  say,  12  hours  a  day  and  consume  5  or  6 
cubic  feet  per  hour,  making  the  total  gas  consumption 
135    cubic  feet  per   day.     Taking   the   price   of   gas  as 
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4s.  6d.  the  cost  would  be,  say,  yjd.  per  day.  To  obtain 
a  sufficiently  rapid  supply  of  hot  water  from  a  gas 
geyser,  it  is  essential  that  the- gas  pipes  in  the  house 
should  be  of  large  size.  In  existing  dwellings  sufficiently 
large  gas  pipes  are  rarely  found,  and  to  install  them 
in  new  houses  involves  considerable  capital  outlay. 

The  question  of  the  electrical  heating  of  water  for 
domestic  supply  merits,  I  think,  more  investigation 
and  consideration  than  it  has  yet  received. 

There  are  several  electric  water-heaters  on  the  market 
for  which  an  efficiency  of  90  per  cent  or  over  is  claimed 
when  the  apparatus  is  used  to  its  full  capacity  over 
a  period  of  24  hours,  and  I  am  of  opinion  that  such 
an  efficiency  should  be  obtainable.  A  still  higher 
degree  of  efficiency  could  doubtless  be  obtained  without 
thermal  storage,  but  it  appears  essential  that  some 
form  of  thermal  storage  be  employed  if  electric  heating 
of  water  is  adopted. 

To  give  a  convenient  supply  of  bath  water,  18  gallons 
of  water  at  a  temperature  of  104°  F.  should  be  available 
within  10  minutes  ;  and  to  provide  this  without  thermal 
storage,  even  with  a  heater  of  100  per  cent  efficiency 
.and  assuming  a  temperature  of  55°  F.  for  the  inflowing 
cold  water,  would  require  over  15  kw.  for  10  minutes. 
Such  a  load  is  not  one  that  supply  engineers  would  be 
prepared  to  take  on  at  the  low  price  which  is  essential 
if  the  electrical  heating  of  water  for  domestic  purposes 
is  to  come  into  general  use.  With  thermal  storage, 
and  a  load  factor  of  practically  100  per  cent,  a  supply 
is  even  to-day  obtainable  at  id.  a  unit  ;  and  with 
arrangements  which  would  ensure  that  the  water- 
heater  load  was  off  at  times  of  peak  load,  I  should 
anticipate  that  a  rate  of  |d.  per  unit  or  less  would  be 
quoted. 

Adopting  the  same  figures  for  the  adequate  supply 
of  water  to  a  small  house,  namel}',  50  gallons  at  a 
temperature  of  104'  F.,  and  taking  an  efficiency  of 
90  per  cent,  the  cost  at  |d.  a  unit  works  out  at  just 
over  6d.  a  day. 

The  forms  of  water  heaters  with  thermal  storage 
with  which  I  am  acquainted  involve  storage  of  heat 
either  in  the  water  itself  or  in  a  mass  of  cast  iron  raised 
to  a  comparatively  high  temperature,  about  600°  F. 
The  objections  to  thermal  storage  by  means  of  the 
heated  cast-iron  block  are  the  weight  and  bulkiness 
of  the  apparatus. 

The  objection  to  thermal  storage  in  the  hot  water 
itself  is  that  either  a  large  cistern  is  required  for 
adequate  storage,  or  that  the  water  has  to  be  stored 
at  a  high  temperature,  increasing  the  thermal  losses 
and,  moreover,  rendering  the  water  unpotable  and 
liable  to  deposit  scale.  A  temperature  of  about  130°  F., 
which  is  hot  enough  to  shift  grease  and  will  not  "  stew  " 
the  water,  is  usually  adopted. 

It  is  desirable  that  water  at  a  boiling  temperature 
should  be  available  in  small  quantities,  a  somewhat 
larger  quantity  at  about  130°  F.,  and  a  copious  supply 
at  104°  F. 

Although  a  domestic  hot-water  supply  may  be 
obtained  more  cheaply  electrically  than  in  any  other 
way — 6d.  as  against  yd.  to  8d.  a  day — the  price  is 
still  somewhat  high  for  an  artisan  family.  I  am  in- 
clined to  think  that  the  direction  in  which  the  final 


solution  of  the  problem  lies  is  to  fit  a  small  boiler  in 
the  parlour  grate,  to  store  tepid  water  at,  say,  80°  F. 
or  90°  F.  in  winter  time,  and  to  employ  what  may  be 
called  an  electro-thermic  booster  to  raise  the  tepid 
water  to  the  required  temperature. 

At  80°  F.  to  90°  F.  the  radiation  losses  are  small, 
and  lagging  of  the  cistern  will  be  of  minor  importance. 
In  summer  time  when  there  is  no  parlour  fire,  a 
little  more  electric  power  will  be  necessary  ;  this, 
combined  with  arrangements  ensuring  that  the  peak 
load  is  not  overlapped,  gives  a  most  desirable  load 
to  the  supply  station. 

A  further  investigation  on  the  subject  of  thermal 
storage  is  urgently  called  for.  Possibly  good  results 
might  be  obtained  by  making  use  for  thermal  storage 
of  the  latent  heat  of  fusion  of  some  metal,  alloy  or 
salt  such  as  nitrate  of  soda,  or  the  latent  heat  of  crystal- 
lization of  the  solution  of  a  salt,  such  as  acetate  of 
soda,  which  has  already  been  used  for  thermal  storage. 
I  have  dealt  with  this  subject  at  some  length,  not 
only  on  account  of  its  intrinsic  importance  from  a 
hygienic  point  of  view,  but  also  because  I  believe  it 
to  be  the  key  to  the  extensive  introduction  of  electric 
cooking.  Solve  the  domestic  hot-water  problem,  and 
electric  cooking  will  necessarily  follow. 

From  figures  previously  given,  it  will  be  seen  that, 
leaving  out  of  consideration  on  both  sides  of  the  account 
the  provision  of  a  hot-water  supply,  the  capital  cost 
of  the  complete  electrical  equipment  of  an  artisan's 
dwelling,  including  cooking  apparatus,  is  practically 
covered  by  the  saving  on  the  building  due  to  dispensing 
with  chimneys  and  grates. 

I  will  not  attempt  to  enumerate  the  various  other 
labour-saving  devices  which  are  on  the  market,  and 
which  will  be  extensively  used  in  the  artisan's  house 
when  a  cheap  electricity  supply  is  available  in  every 
room,  but  I  would  call  attention  to  one  piece  of  apparatus 
which  should  be  and,  as  far  as  I  know,  is  not  on  the 
market,  namely,  an  electrically  heated  airing  cupbocrd. 
Most  small  houses  are  at  present  very  inadequately 
provided  with  airing  facilities,  and  there  is  generally 
no  alternative  to  the  unhygienic  method  of  drying 
garments  before  the  fire  in  the  living  room. 

An  electrically  heated  airing  cupboard,  properly 
ventilated  to  the  outside,  is  an  inexpensive  convenience 
which  will  do  much  to  promote  the  health  of  the  people. 
In  conclusion,  there  is  one  point  to  which  I  would 
refer.  The  introduction  of  steam  was  the  cause  of 
the  decay  of  almost  all  our  cottage  industries  ;  I  believe 
that  the  introduction  and  wide  distribution  of  cheap 
electrical  power  in  artisans'  dwellings  may  to  a  large 
extent  revivify  cottage  industries. 

There  are  undoubtedly  a  large  number  of  processes, 
where  the  weight  of  goods  to  be  handled  is  smaU,  which 
can  be  as  well  and  as  cheaply  produced  in  the  cottage 
as  in  the  factory,  and  I  believe  that  the  coming  genera- 
tion will  see  our  women  and  elder  children  again  working 
in  their  homes  instead  of  crowding  to  the  factory,  to 
the  great  social  advantage  of  the  community. 


[The   discussion    on    this     paper   will     be    found    on 
page  476.] 
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{Report  received  8  July,   1919,  and  discussed  at  a  meeting  of  The  Institution,  25  March,   1920.' 


The  Sub-Committee  were  asked  to  '  consider  the 
whole  question  of  earthing  (inchiding  the  time  element 
of  circuit-breakers,  the  heating  of  conductors,  the 
current-carrying  capacity  of  the  apparatus  earthed, 
the  drop  of  pressure  in  metal  sheathing,  and  the  number 
of  earth  wires  required)." 

In  accordance  with  these  instructions  the  Sub-Com- 
mittee first  proceeded  to  determine  e.xperimentally 
the  heating  of  earth  wires,  i.e.  bare  conductors  of 
various  cross-sectional  areas,  having  in  mind  that 
Rule  34  in  the  Seventh  Edition  of  the  I.E.E.  Wiring 
Rules  requires  one  No.  14  S.W.G.  wire,  or  conductor 
of  an  equivalent  cross-sectional  area,  to  be  provided 
for  every  50  amperes  or  part  thereof  of  working  current. 


7/18  S.W.G.  stranded  conductor  1,045°  F.,  in  3 
minutes  from  the  application  of  the  current,  and  are 
visibly  led  hot.  This  confirms  the  results  anticipated 
by  Mr.  G.  S.  Ram  in  a  letter  (12  March,  1918)  to  the 
Secretary  of  the  Institution. 

The  considerable  cooling  effect  obtained  by  attaching 
a  wire  to  a  brick  wall  will  be  noted,  but  the  Sub-Com- 
mittee do  not  consider  it  safe  to  calculate  the  sizes  of 
earth  wires  for  a  given  current,  except  on  the  assumption 
that  the  wires  will  be  entirely  surrounded  by  still  air. 

It  was  considered  that  an  earth  wire  should  be  so 
designed  in  size  that,  assuming  the  correct  operation  of 
the  fuse,  the  temperature  could  never  rise  to  that  of 
the  melting  point  of  tinman's  solder,  i.e.  about  392"  F  , 
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and  that  Rule  98  (i)  allows  the  use  of  a  fuse  which 
will  permanently  carry  any  current  less  than  three 
times  the  normal  for  working  currents  not  exceeding 
10  amperes,  and  twice  the  working  current  for  larger 
conductors.  Fig  i  shows  the  rise  in  temperature  for 
bare  conductors  of  various  sizes  carrying  twice  the 
woiking  current  allowed  by  the  Institution  Rule  for 
the  corresponding  cross-sectional  area  of  insulated  con- 
ductor, i.e.  the  current  which  an  earth  wire  may  have 
to  carry  indefinitely  under  the  present  Rules. 

It  will  be  observed  that  the  temperatures  arrived  at 
are  much  higher  than  will  be  considered  safe.  Thus, 
a  No.  14  wire  reaches  a  temperature  of  nearly  900°  F. 
fiom   an    atmospheric    temperature    of   60°   F.,    and   a 

•  The  Subcommittee  consisted  of  Mr.  G.  S.  Ram  (Chairman),  Mr.  T   Frith 
Mr.  G.  H.  Nisbett,  and  Mr.  A.  L.  Taylor. 


in  order  to  ensure  the  permanency  of  the  connections 
and  to  avoid  fire  risk.  It  has  to  be  kept  in  mind  that, 
apart  from  the  question  of  danger  to  life,  the  whole 
object  of  an  earth  wire  is  to  enable  the  fuse  to  open  the 
circuit. 

Now  the  size  of  a  conductor  necessary  to  fulfil  this 
condition  is  obviously  determined  by  the  maximum 
current  that  may  flow,  and  by  the  time  during  which 
it  flows,  if  the  interval  of  time  is  anything  less  than 
that  necessary  to  raise  the  conductor  to  its  maximum 
temperature  at  the  given  current. 

The  Institution  Rule  dealing  with  fuses.  No.  98  (6), 
states  : — 

"  They  must  effectually  interrupt  the  current  when 
a  short-circuit  occurs,  and  they  must  be  so  propor- 
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tioned  to  the  current  to  be  carried  that  no  conductor 
protected  by  them  can  be  raised  in  temperature  abo\e 
that  specified  in  Rule  44.  When  the  working  current 
(Table,  Cols.  3  and  4)  does  not  exceed  10  amperes,  the 
fuses  must  be  proportioned  to  interrupt  the  current 
before  or  when  the  current  through  the  condiictors 
ri.ses  to  3  times  the  working  current ;  for  working 
currents  above  10  amperes  the  fuses  must  be  pro- 
portioned to  interrupt  the  circuit  before  or  when  the 
current  through  the  conductor  rises  to  twice  the 
working  current.  The  use  of  fuses  of  the  enclosed 
type  is  recommended,  and  in  any  ca,se  fuse  v/iies 
must  be  individually  protected.  No  fuse  smaller 
than  one  having  a  working  capacity  of  3  amperes, 
to  fuse  at  9  amperes,  need  be  inserted  for  final 
sub-circuits  " 

It  will  be  noted  that  no  time  lunit  is  specified  ;  it 
therefore  follows  that  a  fuse  that  will  permanently 
can-v',  say.  299  per  cent  or  199  per  cent  of  the  working 
current  (depending  upon  the  size  of  conductor)  will 
comply  with  the  Institution  Rule  provided  it  opens 
the  circuit  at  respectively  3  times  or  twice  the  working 
current. 

It  became  obvious  to  the  Sub-Committee  that  a 
fuse  deigned  for  the  hmits  allowed  by  the  Institution 
Rules  would  permit  of  a  serious  overheating  of  the 
conductors  if  we  are  correct  in  assuming  that  the 
"  maximum  current  permissible  "  given  in  Column  3 
of  the  Wiring  Rules  Table  refers  to  the  working  load  of 
the  cables,  as  would  appear  from  the  context. 

Using  the  formula  of  Messrs.  Melsom  &  Booth  on  which 
we  believe  the  allowable  carr>-ing  capacities  have 
been  calculated  (Rule  43),  it  is  seen  that  those  con- 
ductors on  which  less  than  3  times  the  woiking  load  is 
allowed  might  reach  in  from  3  to  10  hours,  depending 
on  the  size,  and  with  an  atmospheric  temperature  of 
ioo°  F.,  a  total  temperature  of  over  200°  F.  for  rubber- 
insulated  cables  and  of  over  210°  F.  for  fibre-insulated 
cables.  Those  sizes  on  which  an  overload  of  anything 
less  than  twice  the  working  current  is  allowed  would 
similarly  reach  a  total  temperature  of  over  180°  F.  for 
rubber,   and   about   300°  P.  for  fibre  cables. 

The  limiting  conductor  temperatures  are  laid  down 
in  Rule  44  aa  130°  F.  for  rubber  and  176°  F.  for  fibre, 
and  it  therefore  follows  that  : — 

(i)  The  allowable  temperatures  must  be  increased,  or 

(2)  The  working  current  must  be  reduced,  or 

(3)  The  margm  of  overload  for  fuses  must  be  lessened 

Taking  these  in  order  : — 

(i)  We  are  of  opinion  that  it  is  not  advisable  to 
raise  the  allowable  ma.vimum  temperatures  for 
rubber-  or  paper-insulated  cables. 

(2)  It  is  undesirable  on  economic  grounds  to  lessen 
the  allowable  working  current  on  the  con- 
ductors if  it  can  be  avoided,  but  as  a  help  to- 
wards meeting  the  difficulty  we  suggest  that 
the  Rules  should  be  altered  so  that  the  allowable 
working  current  stated  in  the  Appendix  to  the 


Rules  (cols.  3  and  4)  should  be  based  on  a 
maximum  atmospheric  temperature  of  80°  F. 
instead  of  100°  F.  as  at  present. 

Higher  temperatures  than  80°  F.  are  seldom 
met  with  in  ordinary  practice,  and  a  note  of 
wa.ning  that  lesser  working  Currents  must  be 
used  for  higher  atnujspheric  temperatures  would 
sufficiently  cover  exceptional  cases. 

If,  therefore,  this  were  done,  seeing  that  the 
carrying  capacities  in  the  Wiring  Rules  Table 
have  been  calculated  for  a  rise  in  temperature 
of  20  degrees  F.  in  the  case  of  rubber  cables, 
and  50  degrees  h.  in  the  case  of  paper  cables, 
we  should  then  have  for  the  operation  of  the 
fuse  a  margin  between  the  working  temperature 
and  the  maximum  allowable  of,  in  the  case  ol 
rubber  cables  30  degrees  F.,  and  for  fibre  46 
degrees  F.,  instead  of  at  present  only  10  degrees 
F.  for  rubber  cables  and  26  degrees  F.  for  fibre 
cables. 


2,00d 


12       16       zo       24 

Amperes 


32 


36 


Fig.  2. — Curve  showing  temperature  of  tinned  copper-wire 
fuse  (3  in.  break  ;  open  type)  with  various  currents. 


(3)  Coming  to  the  third  possibility,  namely,  the 
reduction  of  the  overload  to  be  allowed  by  the 
fuse,  the  ideal  fuse  from  the  point  of  view  of 
permitting  the  maximum  working  load  on  the 
conductors,  with  a  given  limitation  of  tempera- 
ture rise  on  the  cables  under  all  circumstances 
of  overload,  would  be  one  that  interrupted  the 
circuit  with  the  minimum  excess  current  over 
the  load  it  would  carry  with  stability  ;  and  it 
is  necessary  that,  for  the  reasons  already  stated, 
we  should  have  a  fuse  that  will  act  within  the 
limits  of  temperature  stated  in  par.  2. 

Copper  fuses  as  now  commonly  used  are  unsuitable 
for  the  purpose  we  have  in  mind,  as  the  inargin  between 
the  safe  working  load  and  the  fusing  current  is  a  wide 
one  compared  witli  other  metals  available.  Fig.  2 
shows  the  temperature  curve  for  a  typical  copper-wire 
fuse,  from  which  it  w-ll  be  seen  that  if  such  a  fuse  is 
to  open  the  circuit  at  all  with  an  overload  of,  say,  50 
per  cent,  it  would  be  so  hot  (500'  F.)  at  the  working  load 
that  it  would  be  in  a  state  of  instability  and  would, 
owing  to  oxidization,  ultimately  open  the  circuit  when 
it  was  not  required  to  do  so.     Moreover,  a  copper  fuse 
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set  to  these  limits  would  not  comply  with  the  Institution 
Rule  98  {a)  reading  : — 

"  No    over-heating    of  any  pa!"t   must    take   place 
when  the  full  current  flows  continuously." 

This  rule  the  Sub-Committee  think  should  be  main- 
tained. 


to  the  flow  of  the  metal.  A  lead  and  tin  mixture  is 
better  in  these  respects,  but  it  is  impossible  to  ensure 
a  constant  composition,  and  as  the  fusing  current  varies 
considerably  with  small  changes  in  the  percentages 
of  the  metals,  it  is  necessary  that  each  fuse  should  be 
separately  calibrated,  which  the  Sub-Committee  do 
not  consider  to  be  practicable.     Pure  tin   wire  seems 
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Fig.    3. — Fusing  currents  of  a  oo6^  in.  pure  tin  wnc  up  to  3  minutes. 


It  follows,  therefore,  that  the  use  of  a  copper  fuse 
involves  the  need  for  setting  it  to  break  the  circuit  at 
a  higher  value  of  the  current  it  will  permanently  carry, 
and  this  no  doubt  accounts  for  the  fact,  pointed  out 
by  Mr  Ram  in  the  above  letter,  that  it  is  common 
practice  to  use  fuses  set  to  open  the  circuit  at  3  times  the 
working  Irad. 


most  nearly  to  meet  our  requirements :  the  melting 
point  is  low,  the  metal  is  strong  and  not  too  ductile, 
and  it  is  practically  free  from  deterioration  at  tempera- 
tures below  the  melting  point. 

In  order  to  admit  of  the  ready  testing  of  a  fuse,  we 
consider  it  advisable  to  specify  the  current  at  which 
the  fuse  will  melt  in  one  minute  from  the  application  of 
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Fig.  /), — Fusing  currents  of  a  0064  in.  pure  tin  wire  up  to   i  hour,  and  probable  maximum  carrying  cipacity. 


For  the  type  of  fuse  we  have  in  mind,  therefore, 
it  seems  evident  that  we  must  use  a  metal  having  a 
low  melting  point  and  one  that  is  as  nearly  as  possible 
non-oxidizable  at  any  lower  temperature  than  its 
melting  point. 

The  choice  appear?  to  lie  between  lead,  solder,  and 
tin.  Lead  suffers  from  the  disadvantage  of  being  too 
soft  for  handling,  and  good  connection  not  being  obtain- 
able when  it  is  directly  clamped  under  terminals,  owing 


the  current,  starting  from  cold,  rather  than  the  present 
practice  of  specifying  the  current  at  which  it  will 
eventually  melt,  as  such  a  test  carried  out  with  reason- 
able accuracy  would  require  hours  for  its  completion. 

Figs.  3  and  4  show  some  characteristic  curves  for  tin 
fuse  wire  o  064  inch  diameter  with  different  typical 
mountings. 

Fig.  3  shows  the  fusing  currents  up  to  3-minute 
intervals    from    the    application    of    the    current,    and 
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Table    i. 

Single  0064  Inch  Diameter  Pure  Tin  Fuse. 


A 

B 

C 

D 

T>-pe  of  Fuse 

Fusing  Current 
(I  min.) 

Probable  maximum  carrying 
capacity 

Proposed  working  current 
66-6  %  of  A 

Per  cent  overload  allowed 
on  Cable 

6 J  in.  bridge 

amp. 
25 

amp. 
19 

amp. 
16 -66 

I4-05 

3  in- 

30 

23 

20 -o 

15-00 

7  m.  open 

20 

16 

13-33 

20-00 

3  in.     „ 

25 

23 

16-66 
50  per  cent  of  A 

38-00 

6  in.  dust 

31 

20-5 

15-5 

32-25 

3  'n.      „ 

34 

23-0 

17-0 

35-25 

Table    2. 

Typical  Sizes  of  Single    Rubber-insulated    Lead-covered    Cables. 

Revised  March  1910.) 


(Table    IVa.     B.E.S.A.    Report,     Xo.   7. 


Current 

Length  of 

Cable  to 

Ai^a  of 
Conductor 

Thickness 
of  Lead 

Diameter 
over  Lead 

Area  of  Lead  Sheath 

Resistance 

of 

Lead  Sheath 

per 

give  Cu 

rrent  I, 

Allowed  by 
I.E.E.  Rules= 

Fault  Current  to 
blow  fuses.    I.= 

With 

With 

Lead 

Copper 

1,000  Yards 

Working 

Working  Current 

Voltage 

Voltage 

Equivalent  * 

Current 

plus  50  per  cent 

of  too 

of  200 

S.W.G. 

sq.  in. 

in. 

in. 

sq.  in. 

sq.  in. 

ohms 

amp. 

amp. 

yd. 

yd. 

1/18 

o-ooi8 

0-031 

0-196 

0-0161 

0-00129 

18-6 

7-2 

10-8 

500 

1,000 

1/17 

0-0025 

0-031 

0-206 

0-017 

0-00136 

17-7 

9-8 

14-7 

385 

770 

3/20 

0-003 

0-033 

0-236 

0-021 

0-00168 

14-3 

12-0 

l8-o 

390 

780 

7/18 

0-0125 

0-037 

0-330 

0-034 

0-00272 

8-85 

34-0 

510 

222 

444 

19/16 

0-06 

0-047 

0-562 

0-076 

0-0061 

3-94 

83-0 

124-5 

204 

408 

10/13 

o- 125 

0-056 

0-748 

0-I22 

0-00975 

2-46 

134-0 

201 -o 

202 

404 

37/14 

0-1S2 

0-062 

0-888 

O-16I 

0-0129 

1-86 

172-0 

258-0 

208 

416 

*  Conductivity  of  lead  taken  as  8  per  cent  that  of  copper. 


Table    3. 
Twin   Rubber-insulated   Lead-covered   Cables   for   House   Wiring.     (Table   IVa.     B.E.S.A.   Report.) 


Current 

Length  of  Cable  to 

Area  of 

Thickness 

Diameter 

Area  of  Lead  Sheath 

Resistance 

of 
Lead  Sheath 

give  Current  I, 

Allowed  by       Fault  Current  to 

Size  of 

Conductor 

Conductor 

of  Lead 

per 
1,000  Yards 

I.E.E.  Rules=:    blow  fuses.     I,= 
Working          Working  Current 

With             With 
^■oltage        Voltage 

Equivalent  • 

Current            plus  50  per  cent 

of  100     (      of  200 

S.W.G. 

sq.  in. 

in. 

in. 

sq.  in. 

sq.  in. 

ohms 

amp.                       amp. 

yd.       '       yd. 

1/18 

0 • 00 I 8 

0-031 

0-370 

0-033 

0  -  00264 

9- 10 

7-2                      10-8 

1,020         2,040 

1/17 

0-0025 

0-031 

0-392 

0-035 

0-0028 

,8-60 

9-8                      14-7 

790          1.580 

3/20 

0-00? 

0-033 

0-448 

0-043 

0-00345 

6-95 

12  -0 

18-0 

800     .    1,600 

7/18 

0-0125 

0-037 

0-638 

0-070 

0-0056 

4-30 

34-0 

51 -o 

456             912 

19/16 

0-06 

0-047 

I -168 

0-165 

0-0132 

1-82 

83-0 

124-5 

442      1        884 

19/13 

o- 125 

0-056 

1-544 

0-260 

o-02o8 

1-155 

134-0 

202 -o 

432             864 

37/14 

0-182 

0-062 

1-820 

0-340 

0-0272 

0-885 

172-0 

258-0 

438             876 

•  Conductivity  of  lead  taken  as  3  per  cent  that  of  copper. 
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Table    4. 
SiMiL.\R  Det.\ils  Worked  Out  for  -Vulcanized   Indiarubber  Braided  Cables  in  Steel  Conduit. 


! 

Area  of 
Conductor 

Size  of  Conduit 
(Outside 
Diameter) 

in. 
IX  0-064 

IXO-072 
1^X0-08 
2X0-092 

.          c              Copper 
/"^«^  °           Equivalent  of 
Condmt            londuitt 

sq.  in. 

0-II2            0-014 
O-181            0-0226 
0-357            0-0445 
0-550            0-0685 

Resistance  of 
Conduit  per 
1,000  Yards 

Current 

Length  of  Conduit  to  give 
Current  I, 

Size  of 

Allowed  by 
I.E.E.  Rules= 
Working  Current 

Fault  Current  to 
blow  fuses.   I,= 
Working  Current 
plus  50  per  cent 

amp. 
18-0 
51-0 

124-5 
201  -0 

Conductor 

With 
100  volts 

With 
200  volts 

S.W.G. 
3/20 

7/18 
19/16 
19/13 

sq.  in. 
0-003 
0-0125 
0-06 
0-  125 

ohms 
I  -72 
1-065 
0-540 
0-350 

amp. 
12-0 
34-0 
83-0 
134-0 

yd. 

3.240 
1,840 
1,490 
1,420 

yd. 

6.480 
3,680 
2,980 

2,840 

t  Steel  taken  as  having  rai  per  cent  conductivity  of  copper. 


Table    5. 
Low-tension  Single  Paper-insulated  and  Lead-covered  Cables.     (Table  IIIa.     B.E.S.A.  Report.] 


i 

1 

.\rea  of 
Conductor 

Thickness 
of  Lead 

Diameter 
over  Lead 

.\rea  of 

Lead  Sheath 

Resistance 

of 
Lead  Sheath 

per 
1,000  Yards 

Current 

Length  of 
give  Cu 

Cable  to 
rrent  I, 

.\llowed  bv       Fault  Current  to 

Size  of 

With 
Voltage 
of  100 

Conductor 

Lead 

1        Copper 
Equivaleat  * 

I.E.E.  Rules= 
Working 
Current 

blow  fuses.    I ,  = 
Working  Current 
plus  50  per  cent 

With 
Voltage 
of  200 

S.W.G. 

i/i8 

sq.  in. 
0-0018 

in. 
0-06 

in. 
0-35 

sq.  in. 
0-0545 

sq.  in. 
0-00435 

ohms 
5-52 

amp. 
7-2 

amp. 
10-8 

yd. 
1.680 

yd. 
3,360 

3/20 

0-003 

0-06 

0-38 

0060 

1      0-0048 

5-00 

12-0 

18-0 

1,110 

2,220 

7/iS 

0-0125 

0-06 

0-44 

0-0715 

0-0057 

4-21 

50-0 

75-0 

317 

634 

7/16 
sq  fn. 
0-05 

0-022 

0-06 

0-49 

o-oSi 

1      0  -  0065 

3-70 

75-0 

I12-5 

240 

480 

0-05 

0-06 

0-59 

0- 100 

'      0  -  008 

3-00 

I20-0 

180-0 

186 

372 

o- 10 

0-10 

0-07 

0-75 

0- 150 

0-012 

2- 00 

191  -o 

286-5 

175 

3.50 

0-25 

0-25 

0-09 

1-05 

0-272 

0-022 

1-09 

343  0 

514-5 

179 

358 

0-50 

0-50 

0- 10 

1-36 

0-395 

.      0-032 

0-75 

540-0 

810-0 

165 

330 

0-75 

075 

0-  II 

1-57 

0-500 

0-04 

o-6o 

738-0 

1,107-0 

150 

300 

I  -00 

I  -00 

0-12 

1-82 

0-640 

0-051 

0-47 

1       932-0             1,398-0 

152 

304 

•  Conductivity  of  lead  taken  as  8  per  cent  that  of  copper. 


Table   6. 
Low-tension   Twin   Paper-insulated   Lead-covered   Cables.     (Table    IIIa.     B.E.S..\.  Report. 


Area  of 
Conductor 

Thickness 
of  Lead 

Diameter 
over  Lead 

Area  of  Lead  Sheath 

Resistance 

of 
Lead  Sheath 

per 
1,000  Yards 

ohms 
2-30 
2-18 
1-94 

1-37 
0-975 
0-535 
0-358 

Current 

Length  of  Cable  to 
give  Current  li 

Allowed  by 

I.E.E.  Rules  = 

Working 

Current 

Fault  Current   to 
blow  fuses.    1 ,  = 
Working  Current 
plus  50  per  cent 

Size  of 

With 
Voltage 
of  100 

yd. 

2,420 

610 

460 

405 
360 
364 
345 

Lead 
_. 

sq.  in. 
0-130 
0-138 
0-155 

0-220 
0-308 
0-562 
0-840 

Copper 
Equivalent  * 

With 
Voltage 

of   2(X> 

S.W.G. 
3/20 
7/18 
7/16 
sq.  in. 
0-05 
0-  10 
0-25 
0-50 

sq.  in. 
0-003 
0-0125 
0-022 

0-05 
o-io 

0-25 

0-50 

in. 

o-oS 
0-08 
0-08 

0-09 
0-  10 
0-13 
0-I5 

in. 

0-60 
0-63 
0-7 

0-87 
I -08 
I-5I 
1-95 

sq.  in. 
0-0104 
O-OII 

0-0124 

0-0176 
0-0246 

0-045 

0-067 

amp. 
12-0 
50 -0 
75-0 

120-0 
I91-O 
M3-0 
540-0 

amp. 

18-0 

75-0 

II2-5 

180-0 
286-5 

514-5 
810-0 

yd. 
4,840 
1,220 

920 

810 
720 
728 
690 

*  Conductivity  of  lead  taken  as  8  per  cent  that  of  copper. 
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Fig.   4   the    fusing    currents   up    to    i    hour    and    the 
probable  maximum  carr^nng  capjcity. 

The  results  are  set  out  in  Table  i,  from  which  it 
can  be  seen  that  a  sufficient  allowance  for  determining 
the  working  current  is  to  deduct  33J  per  cent  from 
the  i-minute  fusing  current,  which  will  make  the  fusing 
current  50  per  cent  above  the  working  current.  This 
gives  with  a  tin  fuse  wire  a  sufficient  margin  over  the 
working  current  to  allow  for  variables,  such  as  size,  etc., 
for  all  types  except  dust  fuses.  This  tvpe  of  fuse, 
not    being    generally    used    in    connection    with    wiring 


a  given  size  of  wire  cannot  be  stated  unless  both  its 
environment  and  length  are  known. 

The  Sub-Committee  therefore  recommend  that  the 
Institution  Rules  should  specify  the  use  of  pure  tin 
fuse  wiies  only,  and  that  these  should  be  so  propor- 
tioned to  their  type  of  mounting,  for  all  sizes  of  fuses, 
that  they  will  interrupt  the  current  in  one  minute 
from  the  first  application  of  a  current  50  per  cent  above 
the  maximum  working  current  allowable  by  the  Rules 
to  be  carried  by  the  smallest  section  of  cable  protected 
by  the  fuse. 


WorkiDg  Conductor 


Table  7. 
Paper-ixsul.\ted    Cables. 


Bare  Earth  Wire 


Size  of 

Area  of 

Conductor 

Conductor 

(") 

(b) 

S.W.G. 

sq.  in. 

1/18 

0-0018 

1/16 

00032 

7/22 

0 ■ 004  2 

7/20 

0-007 

7/18 

0-0125 

7/16 

0-022 

7/14 

0035 

7/0-097 

0-05 

19/16 

0-06 

19/15 

0-075 

19/0-083 

o-ioo 

19/13 

0-125 

37/15 

0-15 

3  7/0  ■083 

02 

37/0-092 

0-25 

37/0-104 

0-30 

61/0-092 

0-40 

61/0- 104 

0-50 

6i/o- 112 

o-6o 

91/0- lOI 

0-75 

91/0- 108 

0-80 

91/0-118 

I  -00 

J.E.E. 

Working 

Current  for 

Paper- 
insiilated 

Cables 


(c) 


Fault 
J^vvli-llL        Theoretical  Area  to  give 

Current  plus    p^^,a,u^/„^th  50  percent 
50  per  cent        ^^^^.^  Working  Current 
flowing  continuously 


(d) 


(«) 


amp. 

amp. 

sq.  in. 

7-2 

10-8 

I 

condr.  0-00104 

12-9 

19-35 

0-002256 

17-0 

25-5 

0-003257 

28-0 

42-0 

0-00632 

50-0 

75-0 

0-01370 

750 

II2-5 

0-0238 

97 -o 

145-5 

0-03366 

120-0 

iSo-o 

0-04449 

1350 

202-5 

2 

;ondr.  0-02061 

I57-0 

^355 

2 

0-02531 

191  -0 

286-5 

2 

0-03285 

219-0 

328-5 

2 

,,       0-03941 

246-0 

369-0 

2 

0-04581 

296-0 

444-0 

3 

.,       0-0343 

343-0 

514-5 

3 

„       0-04173 

385-0 

577-5 

4 

.,       0-03317 

464-0 

696-0 

4 

0-04246 

540-0 

910-0 

5 

„       0-03871 

624-0 

936-0 

5 

0-04676 

738-0 

1,107-0 

6 

0-04581 

776-0 

1 ,  1 64  -  0 

7 

0-04012 

932-0 

1,398-0 

8 

0-04264 

Nearest  Size  of  Conductor  and 
Equivalent  Area  of  the  same 


if) 


(?) 


No.  and  S.W.G. 


I  X 
I  X 
IX 
I  X 
I  X 
I  X 
IX 


I/I4 
I/I4 
I/I4 
7/20 

7/17 
7/15 

7/14 
I X  19/17 

2  X     7/16 

2X  7/15 
2X  7/14 
2X  19/17 
2X  19/17 

3X    7/14 

3X19/17 

4X  7/14 
4  X  19/17 
5x19/17 
5x19/17 
6x  19/17 
7x19/17 
8x  19/17 


sq.  m. 
I  X  O ■ 005 
I  X  O -  005 
I  X  0-005 
I  X 0-007 

I  X  0-017 
I  X  0-028 

1X0-035 

1  X 0-046 

2  X 0-022 
2X0-028 
2X0-035 
2X0-  046 
2X0-046 
3X0-035 
3X0-  046 
4X0-035 
4X0-046 
5X0-046 
5X0-046 
6x0-046 
7X0-  046 
8x0-046 


Relative  Size  of 
Total  Area  of   '    Earth  Wire  to 
Earth  Wires  in  I       Conductor 
Column  {e) 


(A) 


sq.  in. 
0-00104 
0-002256 
0-003257 
0-00632 
0-01379 
0-0238 
0-03366 
0-04449 
0-04122 
0-05062 
0-0657 
0-07882 
0-09162 
o- 1029 

0-12519 
0-13268 

o- 16984 
o- 19355 

0-2338 

0-27486 
0-28084 
0-34II2 


('1 


per  cent 
57-8 
70-5 
77'5 
qo-2 

IIO-2 

108 -I 
96-2 
89-0 
68-7 
67-4 

65-7 
63-1 
6i-o 


51-4 
50-1 
44-2 
42-4 
38-7 
38-9 
36-6 

35-1 
34-1 


Note. — ^The  areas  of  wires   stated  in  column  (e)  are  calculated  upon  the  assumption  that  the   numbers  of  separate 
conductors  stated  are  used,  and  so  spaced  from  each  other  as  to  have  an  inappreciable  heating  effect  on  each  other. 
Column  if). — If  strip  earthing  conductors  are  used  they  should  not  be  of  less  section  than  Column  (e). 


work,  can  either  be  ignored  in  the  Institution  Rules  or, 
preferably,  be  provided  for  by  making  the  working 
current  50  per  cent  of  the  i -minute  cuirent  for  this 
type  of  fuse,  which  would  then  give  a  sufficient  margin 
between  the  working  current  and  the  current  at  which 
the  fuse  would  u'timately  open  the  circuit  with  a  pro- 
longed load. 

It  will  be  seen  from  the  curves  in  Pigs.  3  and  4, 
that  the  environment  of  a  fuse  has  a  marked  effect 
both  on  its  ultimate  carrying  capacity  and  on  the  value 
of  the  current  at  which  it  wOl  break  circuit  in  a  given 
time.  It  is  therefore  desirable  that  any  new  Rules 
should  make  it  clear  that  a  standard  fusing  current  for 


The  Sub-Committee  also  recommend  that  where 
mechanical  circuit  breakers  are  used  they  shall  be  so 
designed  that  the  conductors  protected  by  them  cannot 
exceed  the  limits  of  temperature  allowable  with  wire 
fuses,  that  is  to  say,  a  circuit  breaker  can  safeh'  operate 
with  an  increasing  overload  the  shorter  its  time  e'ement  : 
in  round  figures  250  per  cent  if  the  circuit  is  to  be  opened 
in  10  seconds  from  the  time  of  the  overload  and  400  per 
cent  if  in  5  seconds,  but  the  Sub-Committee  recommend 
that  400  per  cent  should  be  the  extreme  limit  of  over- 
load however  much  less  than  5  seconds  the  time  element 
may  be. 

It  will  be  seen  on  reference  to  Table  i  (Col    D)  thai 
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the  worst  case  we  have  to  meet  is  the  type  of  fuse- 
niounting  which  allows  of  a  prolonged  overload  of 
38  per  cent  above  the  working  current  on  the  cables ; 
and,  following  the  formula  already  referred  to  in  con- 
nection with  calculations  of  temperature,  we  find  that 
this  will  give  us  an  increase  of  36  degrees  F.  in  the 
case  of  rubber  cafiles  and  95  degrees  F.  in  the  case  of 
paper  cables.  Assuming  the  atmospheric  temperature 
of  So^  F.  already  referred  to,  we  have  a  maximum 
tcmpeiature  of  116°  F.  for  rubber  cables  and  175°  F. 


one  earth,  but  as  the  minimum  length  of  150  yards  for 
any  one  size  at  the  lower  voltage  is  well  within  the 
limits  of  practical  requirements  in  all  but  very  excep- 
tional cases,  we  suggest  that  it  be  adopted  as  the  maxi- 
mum length  allowable. 

As  the  wire  armouring  when  used  on  rubber-covered 
cables  has  a  carrying  capacity  in  excess  of  that  provided 
by  lead  covering  if  used,  we  suggest  that  the  same 
rule  should  apply. 

The   Sub-Committee  are  of  opinion   that   the   Rules 


Table   8. 
Rubber-insulated   Cables. 


Woricing  Conductor 

I.E.E.Working 
Current   for 
Rubber- 
insulated 
Cables 

Fault  Current 

Bare  Earth  Wire 

=  Working 

Theoretical  Area  to  give 

Size  of 
Conductor 

Area  of 
Conductor 

Current  plus 
50  per  cent 

300  deg.  F.  rise  in  Tem- 
perature with  50  per  cent 
above  Working  Current 

Nearest  Size  of  Conductor  and 
liquivalent  Are.i  of  the  same 

Total  Area  of 

Earth   Wires  in 

Col.  M 

Relative  Size  of 

Eartli  Wire  to 

Conductor 

Howing  continuously 

(a) 

(6) 

{0) 

W 

ie) 

if) 

fe) 

W 

(i) 

S.W.G. 

sq.  in. 

amp. 

amp. 

sq.  in.    "-" 

No.  and  S.W  G. 

sq.  in. 

sq.  in. 

per  cent 

1/18 

o-ooi8 

7-2 

10-8 

I  wire  0-00104 

I  X    1/14 

I  x  0-005 

0-00104 

57-8 

1/16 

0-0032 

12-9 

19-35 

0-002256 

IX     1/14 

I x  0  -  005 

0-002256 

705 

7/22 

0-0042 

17-0 

25-5 

„      0-003257 

IX     1/14 

1X0-  005 

0-003257 

77-5 

7/20 

0-007 

24-0 

36-0 

0  -  005 1 5 

IX   3/18 

1X0-0053 

0 -  005 1 5 

73-5 

7/18 

0-0125 

34-0 

51-0 

0-00835 

I  X   7/19 

I  X  0  -  0086 

o- 00835 

668 

7/16 

0-022 

46-0 

69-0 

0-01245 

IX   7/18 

I  XO-0125 

0-01245 

566 

7/14 

0-035 

60-0 

90-0 

0-01766 

I  X   7/16 

I  X 0-022 

0-01766 

505 

7/0-097 

0-05 

74-0 

1  lo-o 

„     0-0232 

1  X   7/0-068 

I  X 0-025 

0-0232 

46-4 

19/16 

o-o6 

83-0 

'-'4-5 

,.      0-0275 

IX   7/15 

I  XO-028 

0-0275 

45-8 

19/15 

0-075 

97-0 

145-5 

0-0336 

IX   7/14 

1 X 0-035 

0-0336 

44-8 

19/0-083 

0- 100 

n8-o 

177-0 

..      00433 

IX  19/17 

I  X  0  -  046 

0-0433 

433 

19/13 

0-125 

i34'o 

20I  -0 

2  wires  00204 

2X     7/16 

2  XO-022 

0  -  0408 

32-7 

37/15 

0-15 

152-0 

228-0 

,,       00243 

2X     7/0-068 

2  XO-025 

0  -  0486 

324 

37/0-083 

0-2 

184-0 

276-0 

„       0-0314 

2X     7/14 

2  X  0 • 035 

0-0628 

314 

37/0-092 

0-25 

214-0 

321-0 

0-03S0 

2x19/17 

2x0-046 

0-0760 

304 

37/0-104 

0-30 

240.0 

360-0 

,,       0-0445 

2x19/17 

2  X  0-046 

0  -  0890 

297 

61/0-092 

0-40 

288-0 

432-0 

3  wires  0033 

3X    7/14 

3X0-035 

0 • 0990 

24-7 

61/0- 104 

050 

332-0 

498-0 

0040 

3x19/17 

3X0-046 

o- 120 

240 

61/0- 112 

0-60 

384-0 

576-0 

4  -K-ires  0-033 

4X    7/14 

4X0035 

0- 132 

220 

91/0- lOl 

0-75 

461  -0 

691-5 

0-0422 

4x19/17 

4X0-046 

0-1688 

22-5 

91/0- 108 

0-80 

488-0 

732-0 

..       0-0452 

4x19/17 

4X0-046 

0-1808 

226 

91/0-118 

1  -00 

595 -o 

892-5 

5  wires  0-044 

5x19/17 

5X0-046 

0-220 

220 

Note. — The  areas  of  wires  stated   in  column   (e)  are   calculated  upon  the  assumption  that  the   numbers  of  separate 
conductors  stated  are  used,  and  so  spaced  from  each  other  as  to  ha\-e  an  inappreciable  heating  effect  on  each  other. 


for  paper  cables,  which  compare  with  the  maximum 
working  temperatures  laid  down  in  Rule  44  of  130°  F. 
and  176°  F.  respectively. 

We  have  investigated  the  cairying  capacities  of 
conduits  and  the  lead  coverings  of  cables,  and  particulars 
are  given  in  Tables  2,  3,  4,  5  and  6.  From  these  it  will 
be  seen  that,  provided  the  path  of  a  leakage  current 
equal  in  volume  to  the  main  current  does  not  exceed 
the  lengths  given  in  the  last  two  columns,  the  current 
traversing  the  sheathing  or  conduit  is  bound  to  exceed 
the  carr^'ing  capacity  of  the  fuse,  and  the  circuit  will 
therefore  be  opened  before  any  undue  heating  can  take 
place. 

Theoretically,  for  each  size  of  cable  sheathing  or 
conduit  a  different  length  can  safely  be  wotked  with 


should  clearly  state  that  tape  armouring  must  not  be 
used  for  earthing  purposes. 

Tables  7  and  8  give  particulars  of  the  sizes  of  earth 
wires  required  for  various  sections  of  working  conductors, 
paper  and  rubber  insulated  respectively.  In  the  case 
of  paper  cables,  owing  to  the  larger  working  current 
allowed,  the  earth  wires  need  to  be  larger  than  for 
rubber-insulated  cables,  and  even  larger  than  the 
working  conductor  itself  in  the  smaller  sizes.  Earth 
wires  for  both  types  become  progressively  smaller 
relatively  to  the  working  conductor  as  the  size  of  the 
latter  increases  (It  should  be  noted  that  the  first 
5  sizes  are  out  of  proportion  owing  to  the  carrying 
capacity  having  been  worked  out  in  the  Wiring  Rules 
Tables  at  4.000  amperes  per  square  inch  inste.id  of  on 
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the  formula — see  Wiring  Rule  43 — whereas  all  the 
other  and  larger  sizes  are  in  our  table  worked  out  upon 
Melsom  &  Booth's  formula  both  for  main  conductor 
and  for  earth  wires.) 

Two  alternative  rules  can  be  formulated.  One  is 
a  series  of  approximations  such  as  : — 

No  earth  wire  shall  be  less  than  i  14  S  AV.G.  Subject 
to  this,  earthing  conductors  for  paper  cables  shall, 
for  all  sizes  of  working  conductors  up  to  and  including 
0-05  square  inch,  be  equal  in  area  to  the  working  con- 
ductor. 

For  sizes  from  005  up  to  and  including  015  square 
inch,  they  shall  be  equal  to  66  per  cent,  and,  for  sizes 
over  015  square  inch,   equal  to  50   per  cent. 

Subject  to  the  same  limitation  as  to  1/14  S.W.G. 
being  the  minimum,  earthing  conductors  for  rubber- 
insulated  cables  shall,  for  00125  sfd  0022  square 
inch  working  conductors,  be  equal  in  area  to  66  per  cent 
of  the  main  conducto"". 

For  sizes  o  035  to  010  sq.  in.  inclusive         . .     50% 
For  sizes  0125  to  03  sq.  in.  inclusive  .  .     33% 

Above  03  sq.  in.  ..  ..  ..  ..     25% 

The  Sub-Committee,  however,  think  that  a  specified 
size  and  number  of  earth  wires  should  be  named  for 
each  size  of  main  conductor,  and  the  paiticulars  given 
in  the  form  of  a  column  to  be  added  to  the  particulars 
of  carrying  capacity,  etc.,  of  conductors  given  in  the 
Appendix  to  the  I  E.E.  Wiring  Rules. 

Upon  the  assumption  that  the  foregoing  suggestions 
arc  adopted,  we  recommend  that  :-- 

(i)  Earthing  conductors  must  be  of  the  numbers  and 
sizes  set  forth  in  the  tables  attached  to  the 
rules  for  each  size  of  working  conductor. 

(2)  That  they  should  be  of  high  conductivity  copper, 

tinned  or  otherwise  protected  against  corrosion, 
arid  protected  against  mechanical  injury. 

(3)  That    the    smallest    allowable    size    of    earthing 

conductor  should  be  i  14  S.W.G  ,  and  the 
largest  individual  conductor  should  be  19/17 
S.W.G.,  and  that  all  conductors  larger  than  1/14 
S.W.G.  should  be  stranded. 

(4)  \Mien    a    larger    section    of    earthing    conductor 

than  19/17  S.W.G.  is  necessary,  separate 
conductors  must   be   u'sed,   and  if  earth   plates 


or    cylinders    are    employed,    separate    ones  for 
each  conductor  must  also  be  used. 

(5)  Buried  earth   plates  or  cylinders  must  have  an 

earth  contact  of  not  less  than  4  square  feet, 
and  be  surrounded  on  all  sides  by  not  less  than 
12  inches'  depth  of  finely  broken  coke.  They 
should  preferably  be  of  cast  iron  or  other  durable 
metal  and  the  place  selected  for  burying  them 
must  be  permanently  wet  or,  at  least,  damp. 

[Note  :  We  have  deleted  the  requirement  of 
the  present  rule  to  the  eSect  that  the  coke 
used  must  be  free  from  sulphur.  The  sulphur 
now  contained  in  coke  does  not  in  practice 
exceed  2  per  cent  and  it  is  not  in  such  chemi- 
cal form  as  to  be  readUy  converted  into 
sulphuric  acid.] 

(6)  Wherever  an  earth  wire  is  connected  to  a  pipe, 

or  conduit,  or  cable  sheath,  or  armouring,  a 
substantially  designed  clip  must  be  used. 
Sweating  sockets  also  must  be  used  at  each 
end  of  the  earth  conductor  for  all  sizes  larger 
than  1/14  S.W.G.  For  armoured  cables  sub- 
stantial clamps  must  be  used,  so  designed  as 
to  grip  firmly  the  whole  of  the  wires  of  the 
armouring  without  damage  to  the  insulation. 

(7)  VMiere    special    earth    plates    are    not    provided, 

extreme  care  must  be  taken  to  see  that  onl)' 
such  earths  are  used  as  are  easily  capable  of 
carrying  the  maximum  current  which  can  be 
allowed  to  flow  by  the  largest  fuse  used  in  the 
circuit  in  question  From  this  point  of  view 
water  pipes  directly  in  connection  with  the 
street  water-mains  make  excellent  earths. 
Steel  frameworks  of  buildings  must  not  be  u;ed 
as  earths. 

In  conclusion  the  Sub-Committee  strongly  recommend 
that  Rule  2  (6),  providing  for  the  need  of  earthing  all 
metal  other  than  the  conductor  on  circuits  where 
medium  pressures  are  used,  be  extended  to  include 
low-pressure  circuits  also,  and  that  it  also  be  extended 
to  prescribe  the  earthing  of  all  metal  liable  to  be 
electrically  charged,   such  as  constructional  steel-work. 


[The   discussion    on    this    Report   will   be   found    on 
page  476.] 
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Discussion  on  Mr. 


Mii.ne's  P.\per  and  the  Report  on  "Earthing, 
The  Institution,  25   March,  1920. 


BEFORE 


Mr.  J.  'W.  Beauchamp  :    The  subject  of  Mr.  Milne's 
paper  is  of  extreme  interest,  and  is  one  which  will  he 
of  very  real  money  value  to  the  industry  in  the  near 
future.     The  author  has  put  forward  some  figures  of 
great    value    with    regard    to    the    cost    of   wiring.     In 
collecting  figures  I  have  found  a  very  great  diversity 
of  opinion  as  to  what  is  a  reasonable  price  for  wiring 
working-class  houses.     Some  contractors  quote  prices, 
for  what  are  generally  known  as  the  cheaper  systems, 
greater  than  those  one  would   expect  to  pay  for  tube 
systems.     I   think  that   is   due   to   the  fact  that   very 
little    experience    has    been    achieved    in    wiring    large 
numbers  of  houses  en  bloc,  and  also  to  the  disturbance 
produced   by  shortened   hours   and   changes   of  wages. 
We  really  have  to  find  out  the  price  at  which  we  can  do 
this  class  of  work.     It  appears  obvious,  however,  that 
more  and  more  of  the  money  must  be  spent  in  the  .fac- 
tory and  less  and  less  on  the  actual  building  site.     That 
is  the  underlving  meaning  of  all  surface  wiring  systems  : 
to  devise  cable  and  fittings  that  can  be  handed  to  the 
wiremen  almost  as  a  complete  installation  only  needing 
to  be  fixed  up.     The  figures  the  author  has  put  before 
us  amount  in  the  highest  case  to  about  3  per  cent  on 
a  ;^700  house,  and  in  the  lowest  case  to  about   i   per 
cent — an  extremely  small  increase   in  the  cost  of   the 
house.     Those  are  the  figures  for  wiring,  but  one  really 
ought   to   talk  of   the   difference   between   wiring   and, 
say,  piping  for  gas,  inasmuch  as  if  these  houses  do  not 
have  electricity  they  will  almost   certainly  have  gas  ; 
so  that  we  are  only  dealing  with  the  difference,  if  a,ny, 
a  very  small  percentage  on  the    total    cost.     I  should 
like  to  emphasize  in  every  possible  way  the  urgency  of 
getting    electric    light    into    these    new    working-class 
dwellings.     Even  if  there  is  a  difficulty — as  there  will 
be  for  some  time — in  getting  electric  heating  and  cooking 
apparatus  installed  in  some  of  the  colonies,  we  ought 
to  make  every  endeavour  and  spend  money,  if  necessary, 
to  get  electric  light  installed.     If  electricity  is  adopted 
for  lighting,  other  uses  will  probably  follow.     Whereas, 
if  we  do  not  get  the  lighting,  electrical  apparatus  may 
be  kept  out  of  these  houses  for  10  years.     Some  inter- 
esting figures  appeared  in  the  daily  Press  this  morning 
with  regard  to  the  amount  of  business  to  be  done  in 
these   working-class   houses.     We   have  been   promised 
100,000   this   year,    and   altogether   half   a   million   are 
wanted.     Assuming  that  only  one  quarter  of  a  milhon 
are  within  the  reach  of  electricity  supply,  there  is  some- 
thing like   2^  million  pounds  worth  of   electrical  work 
waiting  for  the  manufacturers  and  contractors  and  the 
workmen  employed  on  the  houses,  and  that  for  lighting 
only.     Lamp  renewals  and  energy  must  also  represent 
very    important    business.      Whether     we     get     these 
working-class  houses  or  not  for  electricity  depends,   I 
think,    not   on   the    excellence    of    electric    light — most 
people  are  convinced  on  that  score — but  on  those  who 
have  the  giving  out  of  the  w'ork — local  representatives, 
members  of  Councils,  labour  people,  and  others  inter- 
ested  in   the   erection   of   houses.     Those   people,  with 


their  architects  and  surveyors,  have  got  to  be  shown 
that  the  use  of  electric  light  in  these  houses  will  be  for 
the  benefit  of  the  people's  health,  will  mean  that,  if 
necessary,  lower  ceilings  can  be  used,  and  will  save 
money  in  upkeep  and  decoration.  Presumably  the 
inaintenance  of  these  houses  will  be  undertaken  by  the 
local  authorities,  and  they  will  probably  get  a  higher 
rent  than  they  at  present  expect,  if  the  houses  are  really 
well  designed  and  fitted  with  labour-saving  equipment. 
It  is  possible  that  these  houses  may  not  be  immediately 
remunerative  to  the  supply  undertakings,  but  it  would 
be  well  worth  while  for  them  to  secure  the  business 
and  to  persuade  the  local  authorities  and  other  bodies 
interested  to  allow  as  much  money  as  possible  for 
installations,  and  to  see  that  a  proper  supply  is  given. 
As  the  years  go  by  we  shall  get  better  and  cheaper 
electric  cooking  apparatus,  and  we  may  find  the  hot- 
water  problem  partly  solved  by  the  use  of  waste  heat 
from  the  generating  stations  or  by  storage  systems  and 
24-hour  supply  methods. 

Mr.  G.  S.  Ram  :  I  should  like  to  explain  how  the 
question  of  earthing  came  to  be  taken  up  bv  the  Insti- 
tution. In  inspecting  electrical  installations  I  have  often 
noticed  that  the  size  of  the  earth  wires  appeared  to 
be  too  small.  I  have  in  some  cases  found  earth  wires 
which  have  been  fused.  I  know  of  at  least  two  fatal 
accidents  from  shock  where  the  earth  wires  connected 
to  the  apparatus  concerned  were  fused,  and  consequently 
failed  to  prevent  the  accidents.  When  considering 
what  sizes  of  wires  should  be  used  as  conductors  for 
the  circuits,  contractors  look  to  the  table  in  the  Insti- 
tution Wiring  Rules,  and  it  is  only  natural  that  they 
should  do  the  same  with  regard  to  the  size,s  of  earth 
wires  that  ought  to  be  installed.  It  is  well  known  that 
the  table  giving  sizes  of  conductors  was  worked  out 
on  a  scientific  basis  from  experiments  carried  out  at 
the  National  Physical  Laboratory,-  and  those  sizes  are 
generally  accepted  ;  but  the  sizes  for  earth  wires  do  not 
appear  to  have  been  worked  out  on  any  such  basis. 
The  sizes  for  earth  wires  in  Rule  34  seemed  to  me  to 
be  altogether  too  small,  and,  as  far  as  I  could  sec, 
they  were  so  small  that  the  w-ires  might  even  fuse.  1 
therefore  wrote  to  the  Institution  suggesting  that  the 
matter  should  be  considered  by  the  Wiring  Rules  Com- 
mittee, with  the  result  that  a  small  Sub-Committee 
was  formed  to  go  into  the  matter,  and  the  Report  now 
under  discussion  is  the  report  of  that  Sub-Committee. 
The  first  thing  the  Sub-Committee  did  was  to  make 
experiments  on  earth  wires  on  the  basis  of  the  existing 
Rule.  It  was  proved  first  of  all  that  my  surmise  was 
correct  ;  that  the  earth  wires  would  get  very  much  too 
hot.  The  temperature  which  a  conductor  or  earth  wire 
will  reach  is  dependent  on  the  maximum  current  it  is 
allowed  to  carry  and  the  time  during  which  that  current 
flows,  and  these  limitations  depend  upon  the  latitude 
allowed  by  the  existing  regulation  as  regards  fuses. 
Rule  98(6)  permits  double  the  working  current,  or  more 
precisely  an\^hing  just  under  double  the  working  current 
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to  ilow  for  an  unlimited  time.  It  was  then  worked  out 
and  found  that  under  these  conditions  the  circuit 
conductors  would  get  too  hot — that  is  to  say,  they  would 
get  hotter  than  the  limit  prescribed  in  Rule  '44.  In 
order  to  get  over  that  difficulty,  three  suggestions  are 
made  in  the  Report,  the  third  being  the  one  that  is 
recommended,  namely,  that  the  margin  for  fuses  should 
be  reduced.  If  that  is  done,  the  existing  sizes  for  the 
circuit  conductors  can  remain.  The  Report  is  based 
on  the  assumption  that  this  pi'oposal  will  be  adopted, 
and  the  corresponding  sizes  for  earth  wires  are  worked 
out  accordingly.  The  limit  of  temperature  proposed 
for  earth  wires  is  that  of  the  melting  point  of  solder. 
The  diagram  (Fig.  A)  gives  an  idea  of  the  relative  sizes 
of  the  conductor  and  earth  wires.  Curve  No.  i  is  based 
on  the  existing  rule  for  the  size  of  rubber-covered  con- 
ductors ;  No.  2  is  for  paper-insulated  conductors  ;  No.  3 
shows  the  proposed  corresponding  size  for  earth  wires  ; 
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Fig.  a. — Diagram  showing  I.E.E.  sizes  of  conductors  and 
earth  wires,  and  the  Sub-Committee's  proposed  sizes  of 
earth  wires. 


and  No.  4  shows  the  existing  rule  for  earth  wires,  rising 
b}'  steps.  In  conclusion,  I  would  say  that  a  great  deal 
of  trouble  was  taken  over  the  matter,  and  a  large 
number  of  experiments  were  carried  out  by  Mr.  Nisbett, 
,many  more  than  are  indicated  in  the  Report. 

Mr.  H.  H.  Berry  :  In  the  first  place  I  should  like 
to  refer  to  Mr.  Milne's  suggestion  in  connection  with 
encased  cleat  wires  for  ordinary  dwellings.  Personally, 
I  think  it  is  excellent.  My  chief  desire  in  speaking  on 
that  point  is  to  invite  comments  for  consideration  by 
the  Wiring  Rules  Committee,  as  I  am  sure  that  the 
Committee  would  be  only  too  glad  to  recei\'e  any  helpful 
suggestions  on  this  particular  point.  The  correspondence 
which  is  now  being  considered  by  the  Sub-Committees 
appointed  in  connection  with  the  revision  of  the  Wiring 
Rules,  shows  a  considerable  expression  of  opinion  in 
regard  to  the  necessity  of  providing  adequate  double- 
pole  switches  on  the  heating  circuits  in  the  ordinary 
house.  We  are  informed  in  this  correspondence  that 
the  Institution  Rule  is  practicallv  never  observed. 
The  reason  why  it  has  not  been  practicable  up  to  the 
present  to  install  a  double-pole  switch  having  a  greater 
carrying  capacity  than,  say,  2  kw.  on  each  heater  in  a 
room,  is  that  there  is  no  such  switch  on  the  market. 
Consequently  the  Rule  has  been  ignored,  and  naturally   i 


the  members  of  the  Committee  desire  to  have  all  the 
assistance  they  can  in  rectifying  httle  anomahes  like 
that.  Mr.  Milne  says  in  his  paper  :  "  A  meter  for  each 
separate  consumer  is  a  heavy  charge  for  the  anticipated 
revenue,  and  where  Ughting  only  is  installed  consumers 
might  be  charged  a  fixed  annual  rate  and  a  meter 
ehminated."  He  points  out  that  in  certain  cases  this 
has  led  to  extravagant  consumption  and  to  the  dis- 
honest use  of  lighting  points  for  electric  kettles  and  so 
forth.  I  quite  see  his  point  in  that  respect,  and  it  is 
a  very  useful  one  ;  but  I  desire  to  make  a  suggestion 
for  his  consideration.  I  suggest  the  use  of  a  special 
adapter  on  the  principle  of  the  "  fixed  price  "  lamp- 
holder,  which  allows  only  a  certain  utensil  of  a  given 
carrj'ing  capacity  to  be  apphed  to  that  particular  lamp- 
holder.  It  seems  to  me  that  an  adapter  might  be  made 
so  that  it  would  be  possible  to  have,  as  it  were,  a  fixed- 
price  piece  of  apparatus  that  is  non-interchangeable. 
With  regard  to  Mr.  Milne's  suggestion  that  it  is  desirable, 
where  possible,  to  avoid  installing  two  meters,  one  for 
lighting  and  one  for  power,  I  think  everj^thing  that 
can  be  done  to  further  that  end  should  receive  our 
united  support.  There  is  no  doubt  that  at  present 
progress  is  retarded  by  the  fact  that  in  small  houses 
there  has  to  be  practically  a  double  installation,  with 
the  result  that  the  average  price  is  increased  by  from 
100  to  130  per  cent.  Unless  that  difficulty  is  met, 
electricity  in  the  home  must  receive  a  very  serious 
set-back.  Mr.  Milne  suggests  the  abolition  of  'flues  and 
chimneys,  and  mentions  that  perhaps  the  matter  has 
not  been  receiving  the  consideration  it  deserves.  There 
are  many  of  us  who  have  been  devoting  a  great  deal 
of  thought  to  that  particular  subject.  Personally  it 
has  been  a  matter  of  intense  regard  to  me  for  the  last 
year  or  two,  and  I  have  come  to  the  conclusion  that 
electricity  in  artisan  dwellings  is  absolutely  within 
our  reach  on  an  economical  basis.  There  are  one  or  two 
matters  I  should  hke  to  suggest  which  I  do  not  think 
have  been  referred  to  in  the  paper.  One  is  a  system  by 
which  electricity  can  be  used,  as  Mr.  Milne  has  suggested, 
for  the  purpose  of  "  topping  up."  I  do  not  think  he  has 
referred,  in  connection  with  communal  dwellings,  to  a 
suggestion  that  the  primarj'  heat  for  hot  water  should 
be  supplied  from  some  communal  source.  There  are 
difficulties  that  will  occur  to  all  of  us  at  once  -vvith 
regard  to  obtaining  hot  water  which  can  be  used  for 
domestic  purposes  and  also  for  raising  the  temperature 
of  the  house  to  about  55°  F.  Obviously,  if  a  man  has 
a  free  supply  of  hot  water  from  a  communal  source, 
he  may  be  extravagant  and  allow  the  water  to  be  used 
unnecessarily.  De\-ices  ha\-e,  however,  already  been 
introduced  to  deal  with  that  problem  ;  so  that  even  the 
heat  taken  from  a  convector,  which  is  often  ^vrongly 
alluded  to  as  a  radiator,  can  be  correctly  metered  and 
a  charge  made  for  the  number  of  degrees  F.  of  the 
room.  The  other  point  to  which  I  wish  to  refer  is 
communal  supply.  I  have  been  devoting  a  great  deal 
of  attention  to  the  apphcation  of  that  or  similar  sup- 
plies obtained  from  some  such  independent  source  as 
is  suggested  by  the  author,  using  the  hot  water  received 
from  that  source  to  keep  the  electric  cooker  always 
hot,  so  that  it  is  in  reality  a  hot  cupboard  at  all  times, 
to  which  it  is  only  necessarj^  to  apply  electricity  for 
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topping  up.  That  reduces  the  current  to  a  very  con- 
siderable extent  and  also  the  time  taken  to  cook.  I 
apply  the  same  method  of  heating  to  rooms,  raising  the 
temperature  to  55°  F.,  and  replacing  the  appearance 
of  a  coal  fire  by  something  which  has  its  practical 
equivalent  in  effect  ;  so  that  we  have  radiant  heat  with 
which  we  can  quickly  raise  the  temperature  up  to  the 
normal,  which  in  this  country  is  about  62"  F.  for  a 
man  of  ordinary  vitality. 

Mr.  J.  Frith  :  I  think  the  metering  question  in 
artisan  dweUings  could  be  very  well  solved  by  a  maximum 
demand  meter,  a  very  much  cheaper  apparatus.  It 
would  be  quite  a  good  plan  to  charge  merely  on  the 
maximum  demand.  With  regard  to  the  Report  on 
"  Earthing,"  the  main  thing  on  which  the  Report 
either  stands  or  falls  is  the  statement  that  the  earth 
wire  is  provided  primarily  to  open  the  circuit  in  the 
case  of  a  fault.  It  has  got  to  carry  the  current  which 
blows  the  fuse  or  opens  the  circuit  breaker,  and  that 
makes  it  essential  to  consider  the  question  of  earth  wires 
along  with  the  question  of  fuses.  Mr.  Ram  has  shown 
that  the  Institution  Rules  for  the  carrying  capacity  of 
cables  and  the  carrying  capacity  of  fuses  are  incom- 
patible ;  one  or  other  will  have  to  be  altered.  We 
suggest  in  the  Report  that  tin  fuses  should  be  used, 
which  will  open  on  a  smaller  overload.  Copper,  which 
is  now  in  ordinary  use,  is  not  satisfactory  when  one  is 
running  a  cable  very  near  the  dangerous  load,  as  the 
Institution  Rules  quite  rightly  allow  ;  we  must  have 
a  fuse  which  will  open  nearer  to  its  normal  carrying 
capacity.  The  corollary  of  this  is  that  the  earth  wire 
must  safely  carry  the  current  which  will  open  the  fuse, 
and  that  does  not  seem  to  have  impressed  itself  suffi- 
ciently on  people's  minds.  It  leads  in  some  cases  to 
a  large  earth  wire,  but  that  is  much  better  than 
a  fused  earth  wire  and  relying  on  protection  which  no 
longer  exists.  There  is  a  small  note  at  the  end  of  the 
Report  which  I  will  emphasize,  because  it  may  escape 
notice,  namely,  that  the  rules  for  the  provision  of  earth 
wires  and  the  effective  earthing  of  motor  carcases,  tubing 
for  wiring  and  switchgear,  should  apply  to  all  electrical 
apparatus  and  not  only  to  those  at  medium  voltage. 

Mr.  'W.  R.  Rawlings  :  I  do  not  approve  of  the 
system  which  the  author  advocates,  namely,  the  open 
wire  system  or  the  cleat  system,  whichever  he  likes 
to  call  it.  I  suggest  that  any  such  wiring  in  artisan 
dwellings  is  likely  to  cause  trouble.  When  run  in  a 
horizontal  position,  it  would  be  convenient  for  hanging 
pictures.  It  would  also  form  a  splendid  grip  for  a 
swing  or  a  clothes'  line.  Any  system  which  leaves  a 
space  between  the  wire  and  the  wall  is  open  to  objection 
in  artisan  dwellings.  I  know  it  was  used  in  the  War 
Office,  but  only  as  a  temporary  measure.  I  am  sur- 
prised the  author  has  not  referred  to  some  of  the  well- 
known  systems  of  a  solid  character  and  low  in  price, 
namely,  Henley's,  Callender's,  and  the  Stannos  systems. 
He  might  have  referred  to  the  fixed-price  light  system, 
which  I  suggest  is  one  that  will  overcome  many  of  the 
difficulties  referred  to  in  the  paper.  This  system 
eliminates  all  main  switches,  meters,  and  meter  readers, 
and  there  is  only  one  service  for  each  block  of  houses. 
A  single  Stannos  wire  is  run  along  the  face  or  the  rear 
of  the  buildings,   a  tee  joint  is  made  for  each  house, 


and  a  single  Stannos  wire  (the  outer  being  used  as  the 
return  conductor)  is  taken  inside  the  building,  a  single- 
pole  fuse  being  attached  from  which  the  wiring  for  the 
usual  four  or  six  lamps  is  run.  I  am  well  aware  that 
a  one-wire  system  could  only  be  adopted  with  alternating 
current.  This  system  is,  in  my  opinion,  the  only  one 
which  deals  with  the  problem  of  supplying  electricity 
to  artisan  dwelhngs,  as  the  cost  of  meters,  main  switches, 
and  a  separate  service  to  each  house  is  really  prohibitive. 
I  will  now  proceed  to  the  Report  on  "  Earthing."  The 
information  contained  in  the  Report  cannot  be  found 
in  any  textbook,  namely,  the  conductivity  of  the  lead 
sheathing  and  conduits.  The  Sub-Committee  have 
also  shown  that  the  present  Wiring  Rules  as  to  earthing 
should  be  altered,  having  regard  to  the  overload  allowed 
on  fuses  in  conjunction  with  the  sizes  of  earth  wires. 
I,  for  one,  am  convinced  that  the  facts  and  arguments 
set  forth,  backed  up  as  they  ha\'e  been  with  a  great 
amount  of  research,  will  be  accepted  by  the  Wiring 
Rules  Committee.  Among  other  things  which  must 
be  seriously  considered  is  the  recommendation  of  the 
Sub-Committee  that  the  fuse  wire  should  be  reduced 
to  a  50  per  cent  overload.  I  am  not  sure  that  that  is 
a  sufficient  margin  to  allow  for  oxidation  and  damage 
in  connecting  up.  As  Mr.  Frith  and  Mr.  Ram  have 
rightly  pointed  out,  the  fuse  and  the  earth  wire  must 
be  jointly  considered. 

Mr.  H.  J.  Cash  :  One  part  of  Mr.  Milne's  paper  in 
particular  is  of  great  interest  to  me.  I  believe  the 
author  is  right  in  suggesting  that  on  the  neutral  side 
of  systems  there  is  an  enormous  number  of  faults  which 
we  know  nothing  about  and  which  are  never  repaired, 
for  the  simple  reason  that  they  do  not  declare  them- 
selves. In  the  case  of  the  very  small  percentage  of 
installations  that  are  regularly  tested,  they  are  of 
course  discovered.  The  author  states  that  he  "  cannot 
find  any  case  in  which  it  has  been  observed  that  the 
occurrence  of  a  fire  was  coincident  with  the  development 
of  a  fault  between  the  outer  and  neutral  on  the  system." 
I  think  that  point  is  of  extreme  interest,  and  I  hope 
some  of  the  Inre  Office  authorities  will  give  us  their 
views  on  it  ;  because  it  appears  that  if  there  was  no 
fault  between  the  outer  and  neutral  of  the  supply 
authority's  system  immediately  prior  to  the  fire,  such* 
fire  could  not  have  been  caused  by  the  altered  potential 
of  the  neutral  side  of  the  house  wiring,  and  the  insulation 
of  such  neutral  side  becomes  materially  less  important 
than  some  of  us  have  thought  in  the  past.  Mr.  Beau- 
champ  has  said  that  at  all  costs  electricity  must  be 
got  into  artisan  dwellings.  I  submit  that  if  we  are 
going  to  do  it  at  all  costs,  the  cutting  down  of  the  cost 
of  the  installation  is  a  far  better  and  more  comprehensive 
measure  to  adopt  than  the  spending  of  a  large  amount 
of  money  in  propaganda.  If  we  adopt  propaganda, 
we  shall  persuade  a  certain  percentage  of  the  people 
who  control  these  artisan  dwellings  to  put  in  electricity  ; 
but  we  shall  get  a  far  larger  percentage  if  we  keep  the 
cost  of  the  electrical  installation  below  that  of  gas, 
and  that  is  what  the  author  is  driving  at.  With  all 
respect  to  Mr.  Rawlings,  I  doubt  very  much  whether 
any  of  the  existing  systems  can  keep  the  cost  down 
to  the  figure  indicated  by  Mr.  Milne's  suggestion  as 
regards   the    new   form   of   wiring.     Mr.    Rawlings    has 
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raised  objections  to  open  wiring.     I  quite  agree,  and  I 
think  that  in  all  artisan  dwellings  open  wiring  should 
be  avoided  if  possible.     The  author,  however,  has  not 
committed  himself  to  open  wiring,   and  it  appears  to 
me   he   contemplates   that   the   horizontal   runs  should 
be   under   the   floors,    the   cleats   being   fixed   half   way 
down  the  joists,  so  that  they  are  out  of  the  way  of  the 
floor    nails.     Presumably    the   wire   would    go    straight 
through  the  centre  of   the  joists,  still  maintaining  the 
insulation  on  a   porcelain  insulator.     If  his   suggestion 
is  adopted   of  a  switch   ceiling-rose,  coupled  with   the 
horizontal  running  of  cables  under  the  floor,  there  would 
be  practically  no  open  wiring  at  all.     The  vertical  runs 
disappear   except   when   they   come   up   from   floor   to 
floor  in   the  insulated   tubing.     The  switch  ceiUng-ros3 
should    be    rapidly    developed.     I    entirely    agree    with 
Mr.  Milne  that  half  the  cost  of  the  wiring  installation, 
if  not  more,  lies  in  the  switch  drop.     A  switch  ceiling- 
rose  has  been  put  on  the  market,  and  in  my  opinion 
it    should    reduce    the    cost    enormously.      It    may    not 
have  the  same  life  as  the  ordinary  tumbler  switch  which 
has  been  in  use  for  30  or  40  years  and  is  now  reaching 
perfection,  but  as  soon  as  consulting  engineers  specify 
switch    ceiling-roses    I    am    confident   that    an    equally 
good  working  article  can  be  obtained.     I  do  not  alto- 
gether agree  with  Mr.  Milne's  suggestion  that  the  switch 
ceiling-rose  should  be  placed  near  to  the  door.     I  think 
the  length  of  flexible  cord  along  the  ceiling  should  be 
reduced,   and   that  it  should  be  as  near  the   point   of 
light  as  possible.     Its  operation  can  be  facilitated  by 
simply  extending  the  pull  chain,  if  that  is  necessary. 
I  very  much  doubt  whether  in  the  small  rooms  of  artisan 
dwellings  it  is  necessary  to  give  operation  at  the  door. 
Operation  in  the  middle  of  one  of  the  walls  of  the  room 
is  generally  within  6  feet  of  the  door.     Another  point 
is  that  Mr.  Milne,  by  putting  his  switch  ceiling-rose  at 
the  door,   contemplates  running  a  flexible   cord   across 
the   ceiling   obhquely.     I   suggest   that   such   cords   are 
too  long  and  that  they  would  also  be  unsightly.     In 
discussing  the  question  of  two  meters,  one  for  lighting 
and   one  for  power,   Mr.   Milne   admits  that  the  ideal 
system  has  still  to  be  found.     One  of  the  serious  diffi- 
culties is  in  connection  with  the  size  of  the  wire.     If 
we  are  wiring  a  house  cheaply  for  lighting  we  are  up 
against  a   very    considerable   difficulty  if    we  have    to 
provide  for  heating  services  on  the   same   wire,  as   we 
must  if  we  are  not  to  go  in  for  expensive  double  wiring. 
I  also  entirely  agree  with  Mr.  Milne  in  the  statement 
that  "  the  stumbling-block  to  electrical  cooking  is  the 
question  of  domestic  hot-water  supply."     The  principal 
difficulty  there,   I  believe,   could  be  solved.     Electrical 
water  heating  in  quantity  is  at  the  present  moment  in 
an    experimental    stage.     Unfortunately,     one    cannot 
experiment  on  a  really  large  scale  ;  and  only  on  a  large 
scale    can    economy    be    obtained.     The    author's    sug- 
gestion   of    an    electrically-heated    airing    cupboard    is 
also  a  subject  which  electrical  engineers  generally  have 
overlooked.     I     beUeve     an     electrically-heated     airing 
cupboard  is  the  most  economical  form  of  heating  that 
can  be  found,  and  yet  the  use  of  such  articles  is  exceed- 
ingly small.     In  conclusion,  the  artisan  is  quite  clever 
enough  to  remove  a  fixed-price  lampholder  and  put  in 
one  of  his  own. 


Mr.  W.  Cross  (partly  communicated)  :  Mr.  Milne 
suggests  using  a  twin  cable  with  one  uninsulated  con- 
ductor connected  to  the  neutral  side  of  the  system, 
and  that  this  neutral  joint  is  always  at  earth  potential. 
This  is  not  the  case  in  practice,  as  earthing  is  only 
permitted  at  the  supply  station  or  substation.  In  one 
instance  it  was  found  that  without  a  fault  on  the  system 
the  neutral  was  50  volts  above  earth  due  to  unbalanced 
load  on  the  naains.  I  therefore  do  not  think  it  would 
be  safe  to  connect  an  uninsulated  conductor  to  the 
supply  mains.  The  omission  of  the  switch  run  down 
the  wall  will  certainly  appreciably  reduce  the  cost  of 
an  installation,  and  I  think  that  pull  switches  should 
be  quite  satisfactory  in  artisan  dwellings.  I  do  not 
like  the  idea  of  running  flexible  cable  on  insulated 
hooks,  as  it  will  almost  certainly  be  damaged  by  the 
tenants.  The  costs  given  on  page  464  are  not  excessive  ; 
and  the  one  mentioned  on  page  465  seems  to  me  to  be 
optimistically  low.  I  estimate  that  the  cost  of  main 
and  branch  switches  and  fuses  will  be  at  least  £^  ;  if 
we  omit  the  main  switch  and  reduce  this  to  £i  los., 
the  cost  of  cables,  protection,  sundries,  and  all  labour 
will  be  only  £^  los.  or  7s.  4d.  per  light,  which  is  to-day 
little  enough  for  labour  only.  I  suggest  that  a  system 
using  metal-covered  twin  cable  with  the  covering  effi- 
ciently bonded  and  earthed  is  worth  confideration.  If 
an  independent  supply  is  given  through  a  small  trans- 
former with  one  wire  earthed,  a  metal-covered  concentric 
system  could  be  used,  further  reducing  the  cost.  The 
cost  of  service  cables  is  most  important,  and,  in  the 
figures  given  by  the  author,  exceeds  the  cost  of  the 
installation.  I  think  that  in  buildings  such  as  we  are 
considering,  mains  could  be  run  through  the  false  roof 
of  a  row  of  houses.  I  favour  the  use  of  a  separate  meter 
(which  not  need  cost  more  than  45s.)  for  each  consumer, 
unless  the  generating  costs  are  very  low  indeed  ;  and  I 
am  afraid  trouble  would  result  if  a  check  meter  were 
used  for  a  section  of  tenants,  each  of  whom  would  be 
interested  in  obtaining  a  rebate,  and  would  think  his 
neighbours  used  too  much  current.  I  believe  that 
there  would  be  little  difficulty  in  making  a  fixed  charge 
plus  a  small  sum  per  unit,  as  all  houses  would  be  of 
similar  type  and  rateable  value  ;  and  this  is  certainly 
fairest  to  both  the  supply  authority  and  the  consumer. 
Electric  cooking  is  very  economical,  clean,  and  saves 
labour  ;  the  consumption  of  current  mentioned  is 
high,  the  figure  in  practice  being  about  30  units  per 
week  for  a  family  of  5  or  6  persons.  I  believe  that 
owing  to  the  more  efficient  generation  of  electricity 
and  the  utilization  of  waste  heat  for  that  purpose,  the 
use  of  electricity  in  artisan  dwellings  will  rapidly  extend 
because  it  will  be  the  c'.ieapest  and  most  efficient  for 
illumination,  cooking,  and  heating.  To  do  th's,  the 
co-operation  of  architects,  builders,  supply  authorities, 
and  contractors  is  essential,  so  that  the  design  of  the 
house  may  be  modified  and  the  cost  of  service  and 
installation  reduced  to  as  low  a  figure  as  possible  with 
safe  and  good  work. 

The  Report  of  the  Earthing  Sub-Committee  is  a 
valuable  contribution  to  a  subject  that  has  received 
httle  attention,  and  appears  to  show  that  our  existing 
Rules  are  unsatisfactory,  as  the  temperature  of  earth 
wires  may  exceed  the  melting  point  of  solder   (about 
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392°  F.)-  I"  practice,  however,  very  few  accidents 
occur  through  the  small  size  of  earth  wires  (most  faults 
occur  at  joints  or  connections  to  apparatus,  often  badly 
carried  out),  but  if  the  fuse  be  designed  to  blow  at 
double  the  working  current  (three  times  in  smaller 
sizes)  in  accordance  with  the  present  Rules,  certain 
figures  in  the  tables  will  be  altered  and  the  size  of  earth 
wire  should  be  larger  than  that  shown.  It  is  assumed 
that  fuses  are  used  of  a  size  which  will  not  melt  with 
the  maximum  current  that  the  cable  will  carry.  This 
is  usually  incorrect  with  the  smaller  cables,  which  are 
seldom  fully  loaded,  the  size  of  fuse  being  based  upon 
the  current  taken  by  the  apparatus  protected  by  the 
fuse.  I  consider  it  to  be  most  undesirable  that  a  fuse 
should  blow  at  50  per  cent  above  the  working  current  ; 
in  many  cases,  especially  on  motor  loads,  the  current 
at  switching  on  is  considerably  greater  than  normal, 
and  a  margin  must  also  be  allowed  for  the  deterioration 
of  the  fuse's  carrying  capacity  during  use.  The  Coal 
Mines  Regulations  call  for  an  earthing  conductor  (separate 
cable  or  metal  covering)  having  an  area  not  less  than 
half  of  one  of  the  current-carrying  conductors,  with 
a  minimum  size  of  0-022  square  inch.  I  suggest  that 
this  rule  could  be  adopted  with  the  following  modifica- 
tions : — That  up  to  002 2  square  inch  inclusive,  the 
earth  conductor  shall  have  the  same  conductivity  as 
one  of  the  current-carrying  conductors,  the  smallest 
earth  wire  being  0005  square  inch  for  mechanical 
strength.  The  extra  cost  of  this  alteration  to  the 
old  rule  will  not  be  great  if  expressed  as  a  percentage 
of  the  cost  of  the  job,  and  will  certainly  decrease  the 
chance  of  accidents,  especially  if  the  conductivity  of 
the  earthing  connections  to  the  apparatus  be  improved. 
I  do  not  think  it  is  desnable  to  call  for  two  earth  wires 
when  the  area  exceeds  0046  square  inch,  as  such  a  rule 
would  not  be  observed,  and  there  does  not  appear  to 
be  a  good  reason  for  it.  It  is  often  very  difficult  to 
find  a  good  position  for  an  earth  plate,  and  I  certainly 
do  not  think  it  necessary  to  fix  as  many  as  is  suggested 
in  the  Report.  Copper  may  theoretically  be  unsuitable 
for  fuses,  but  in  practice  it  is  better  than  tin.  Fig.  2 
shows  the  behaviour  of  a  copper  fuse-wire  melting  at 
36  amperes,  the  maximum  working  current  being 
18  amperes  and  the  average  current  being  probably 
less,  and  at  this  point  the  temperature  of  the  wire  is 
not  excessive.  It  is  an  advantage  for  the  fuse  to  oxidize 
and  eventually  melt  at  less  than  the  initial  melting 
point,  as  a  continuous  slight  fault  will  then  cause  the 
fuse  to  blow.  The  hot  metal  is  quite  safe  in  the  present 
patterns  of  fuse  enclosure,  and  the  damage  done  by 
a  copper  fuse  when  blowing  is  less  than  that  done  by 
a  tin  fuse  owing  to  the  smaller  amount  of  metal  set 
free.  I  agree  with  the  statement  in  the  last  paragraph 
of  the  Report,  that  low-pressure  circuits  should  be 
earthed,  as  the  risk  of  accident  is  almost  as  great,  and 
I  believe  that  all  metal  enclosing  electrical  apparatus 
should  be  earthed,  including  the  cases  of  meters  and 
service  fuses.  I  do  not  think  it  is  possible,  however, 
to  enforce  any  rule  for  earthing  constructional  steel- 
work, as  this  is  not  erected  by  electrical  firms. 

Mr.  F.  Pooley  :  Cheap  wiring  has  undoubtedly  got 
to  come,  and  very  soon  too.  I  have  always  been  favour- 
ablv  disposed  towards  the  cleat  system   of  wiring,   for 


many  reasons.  One  is  that  there  has  been  a  lot  of 
cheap  wire  on  the  rharket,  and  the  more  we  have  that 
in  front  of  our  eyes  the  better  chance  we  have  of  looking 
after  the  troubles  it  causes.  With  regard  to  compara- 
tive costs,  I  should  imagine  that  the  figures  given 
by  Mr.  Milne  are  fairly  correct.  I  do  not  altogether  like 
the  idea  of  semi-insulation.  Apart  from  the  fact  that 
the  wire  itself  is  very  unsightly,  I  do  not  think  we  can 
depend  on  always  getting  the  uninsulated  wire  on  the 
neutral  side  of  the  system,  assuming  that  there  is  a 
neutral  side.  Although,  perhaps,  in  artisan  dwellings 
appearance  is  not  of  quite  so  much  importance  as 
utility,  it  is  not  very  difficult  to  anticipate  damage 
being  done  to  the  visible  wiring,  but  the  artisan  wants 
light,  and  if  he  hangs  his  clothes  on  the  wire  or  swings 
things  from  it  he  will  be  without  light  for  a  time,  so 
that  I  do  not  suppose  he  will  do  those  things  a  second 
time.  With  regard  to  the  question  of  ceiling-rose 
switches,  a  rotary  switch  operated  by  pulling  a  cord 
always  in  the  same  direction,  such  as  was  invented 
by  Mr.  Browett  over  20  years  ago,  would  do  what 
Mr.  Milne  suggests.  Co-operation  between  architects 
and  wiring  contractors  would  get  over  many  of  the 
difficulties  in  the  way  of  using  the  cleat  system,  because 
if  a  main  duct  were  provided  in  one  position  in  a  building 
from  which  the  branch  circuits  could  be  taken  it  would 
be  possible  to  use  a  high-class  well-insulated  rubber 
cable  for  the  main  leads  in  the  duct,  and  a  cheaper 
wire  for  distribution  to  the  various  points.  I  like  the 
idea  of  grouping  the  houses  and  allowing  a  certain 
amount  of  electricity  to  be  used  on  condition  that  if 
less  were  used  a  certain  amount  of  money  would  be 
returned  at  the  end  of  the  quarter.  The  idea  of  making 
every  neighbour  a  sort  of  detective  is  an  excellent  way 
of  preventing  the  waste  of  current.  With  regard  to 
the  actual  supply  to  these  groups  of  houses,  instead 
of  running  the  wires  along  the  chimneys  I  suggest 
that  a  better  position  is  under  the  eaves,  for  two  or 
three  reasons.  One  is  that  no  damage  would  be  done 
to  the  roof,  which  is  always  a  difficult  question  in  con- 
nection with  the  repairs  of  houses.  These  wires  running 
along  under  the  eaves  would  be  very  much  more  acces- 
sible and  could  be  reached  by  a  ladder  from  the  street. 
I  do  not  know  that  the  woman  of  the  house  would 
altogether  like  the  idea  of  having  the  supply  company's 
apparatus  upstairs.  I  think  the  question  of  hot-water 
supply  can  be  left  to  the  hot-water  engineers  to  deal 
with.  They  have  already  made  considerable  progress, 
and  by  the  time  we  get  the  artisan  dwellings  I  think  we 
shall  find  the  hot  water  is  already  there. 

Mr.  P.  Rosling  :  I  agree  with  what  Mr.  Milne  says 
on  the  necessity  of  reduction  in  the  cost  of  wiring, 
but  I  think  it  is  necessary  to  consider  the  cost  of  main- 
tenance as  well  as  the  first  cost.  I  do  not  think  we 
shall  get  architects  and  others  concerned  in  the  erection 
of  these  artisan  dwellings  to  regard  the  open  cleat 
system  as  being  likely  to  be  low  in  maintenance  costs 
in  an  artisan  dwelhng.  Mr.  Milne  has  given  some 
figures  for  different  types  of  wiring,  but  he  has  not 
alluded  to  a  class  of  wiring  which  has  been  on  the  market 
for  10  years  and  which  has  had  a  great  deal  of  thought 
bestowed  upon  it,  namely,  the  metal-covered  twin  wiring 
svstem.     That  svstem  carries  out  to  a  certain  extent 


(I 


DISCUSSION    OX    MR.    MILNES    PAPER   AND    THE    REPORT   OX    "  EAR'l  HIXG."      4Hl 


one  of  the  requirements  which  has  been  suggested  by 
a  previous  speaker,  namely,  that  the  equipment  should 
be  worked  out  in  the  factory  so  that  it  could  be  put  up 
very  quickly  in  the  dwellings.  Some  costs  that  I  have 
for  one  of  the  types  of  twin  lead-covered  cable  came 
to  just  a  little  over  those  given  for  the  open  cleat  system, 
which,  I  take  it,  allows  for  bringing  the  wire  down  to 
the  switches.  The  single-wire  concentric  metal-covered 
system,  which  would  compare  with  Mr.  Milne's  sug- 
gestion of  twisting  a  20-gauge  wire  round  an  insulated 
conductor  and  braiding  it,  brings  the  price  down  still 
lower,  but  it  is  only  used  at  present  in  private  instal- 
lations off  self-contained  plants,  or  off  a  double-wound 
transformer.  The  cost  of  the  twin-wire  metal-covered 
system  before  the  war  was  between  7s.  6d.  and  15s.  a 
point.  That  has  risen  now  to  something  like  25s  or 
26s.  a  point,  which  does  not  come  much  over  the  author's 
figure  for  open  cleat  wiring.  From  statistics  which  I 
have  before  me  there  must  be  tens  of  thousands  of 
artisan  dwellings  now  wired  with  this  metal-covered 
system,  so  that  it  is  not  new  ;  it  has  been  well  tried  ; 
and  the  cost  of  upkeep  and  maintenance  is  practicallv 
nil. 

With  regard  to  the  Report  on  "  Earthing,"  I  should 
like  to  raise  a  protest  against  insisting  on  the  dis- 
continuance of  tinned  copper  wire  for  fuses.  This  has 
served  the  purpose  very  well,  an\-way  in  the  smaller  sizes 
up  to  now  ;  there  must  be  millions  of  copper-wire  fuses 
in  use,  and  I  have  not  heard  of  many  accidents  occur- 
ring with  them.  It  seems  to  me  that  sufficient  allowance 
has  not  been  made  for  the  time  element  in  the  tables. 
We  have  made  a  test  in  a  lo-ampere  fuse  box  with  a 
tinned  copper  fuse  wire  which  will  carry  10  amperes 
continuously  ;  and  with  a  current  of  15  amperes  we  find 
the  fuse  blows  in  2  minutes,  while  with  25  amperes  it 
blows  in  5  seconds,  so  that  within  the  fusing  time  the 
cable  or  wire  protected  would  not  rise  to  a  dangerous 
temperature. 

Mr.  G.  H.  Elliott  :  I  agree  with  what  has  been  said 
as  to  the  desirability  of  doing  awav  with  the  switches 
at  hand  height  in  the  class  of  houses  under  discussion. 
This  is  really  the  only  sort  of  thing  we  can  do  in  artisan 
dwellings  where  there  may  be  a  number  of  mischievous 
children.  By  substituting  a  cord  or  rod  we  save  all 
the  troubles  that  they  may  cause.  I  would  also  suggest 
that  the  ceiling  rose  be  ehminated  as  well.  There  is 
no  necessity  to  use  an  expensive  flexible  cord  ;  we 
could  use  the  same  tsvin  wire  up  to  the  lampholder, 
simply  looping  it  into  the  switch  near  the  ceiling.  We 
must  remember  that  we  have  to  provide  something 
that  will  compare  in  cost,  in  appearance,  and  in  dura- 
bility with  a  f  in.  gas  tube.  For  the  better-class  houses 
there  is  another  way  of  reducing  costs.  Up  to  the 
present,  all  switches  and  ceihng  roses,  etc.,  have  been 
designed  by  people  whose  interest  has  finished  when 
they  have  provided  a  terminal  for  the  wire.  No  effort 
has  been  made  to  correlate  the  fitting  with  the  protection 
for  the  wires.  It  has  been  necessary  for  the  wireman 
to  adapt  and  fit  wood  blocks,  and  spend  a  lot  of  time  on 
work  which  can  be  much  better  done  in  the  factory. 
Switches  and  similar  fittings  which  are  definitely  designed 
with  bases  for  direct  entr%r  of  conduits,  lead-covered 
wire,  or  any  other  approved  protection  for  the  wiring. 
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would  be  of  value  in  reducing  costs  and  ensuring  better 
work.  With  regard  to  the  electric  water-heating  prob- 
lem, we  have  to  provide  about  4J  kw.  for  the  oven, 
and  have  to  supply  hot  water  at  times  in  good  quantities 
for  washing-up,  spring-cleaning,  etc.  The  ordinary 
24-hour  load  water-heater  is  generally  useless  in  case 
of  heavy  demand  or  emergency.  Could  we  not  use  the 
4 J  kw.  for  boosting  up  the  hot  water  supply  ;  it  could 
be  arranged  with  a  throw-over  switch  in  connection 
with  the  oven,  so  that  it  could  not  be  kept  on  all  the 
time,  or  a  9  kw.  demand  made  on  the  mains. 

Mr.  G.  C.  Burnand  :  I  absolutely  agree  with  what 
Mr.  Rawlings  and  Mr.  RosUng  have  said  in  regard  to 
cleat  wiring.  I  do  not  think  that  cleat  wiring  in  the 
ordinary  working-class  cottage  would  be  a  great  success. 
I  have  had  considerable  experience  in  connection  with 
the  wiring  of  working-class  dwellings,  and  I  find  that 
we  are  deahng  there  with  quite  a  different  class  of 
person,  who  does  not  realize  that  the  current  is  flowing 
in  the  wire  at  all.  Mr.  Rawlings  mentioned  the  fixed- 
price  light  system,  and  there  are  one  or  two  additional 
facts  with  regard  to  it  which  I  should  like  to  mention 
because  I  think  they  may  be  of  interest  to  the  members. 
I  have  had  numbers  of  inquiries  from  engineers  all 
over  England  in  connection  with  the  fixed-price  light 
system,  mainly  for  the  purpose  of  working-class  dwellings 
under  the  Government  Housing  Scheme.  It  may 
interest  members  to  know  that  this  system  is  in  opera- 
tion at  Sevenoaks,  Egham  and  Staines,  Hindhead,  and 
Leatherhead,  and  the  Beckenham  Urban  District 
Council  have,  I  believe,  just  been  granted  a  loan  from 
the  Government  to  enable  the  Council  to  adopt  the 
system  in  connection  with  their  housing  scheme.  In 
the  case  of  some  of  the  towns  mentioned  there  is  a 
three-phase  four-wire  distribution,  and  where  this  is 
the  case  the  Board  of  Trade  have  granted  permission 
for  them  to  work  with  a  continuously  earthed  neutral. 
In  such  cases  the  whole  of  the  wiring  and  distribution 
is  carried  out  by  a  wire  with  metal  sheath  used  con- 
centrically without  any  transformers  between  the  com- 
pany's mains  and  the  wiring,  and  there  are  of  course 
no  meters.  As  the  author  states,  the  objection  to  the 
fixed-price  Ught  system  is  that  it  might  lead  to  extrava- 
gant consumption  of  current.  In  the  cases  I  have  in 
mind  this  objection  has  been  partly  overcome  by  the 
use  of  the  specially  designed  lampholder  mentioned  by 
Mr.  Berry,  and  it  is  found  that  there  is  no  tendency 
for  consumers  to  disconnect  this  lampholder  and  put 
in  one  of  their  own.  I  may  say  that  I  have  never  known 
this  to  happen,  although  there  are  some  4,000  or  5,000 
consumers.  At  the  same  time  a  special  lampholder 
makes  ^t  certain  that  the  consumers  cannot  put  a 
50-watt  lamp  into  a  30-watt  socket,  and  as  they  have 
to  buy  all  their  lamps  through  the  company  a  record 
is  kept  of  the  number  of  lamps  that  go  out  and  of  their 
life.  I  have  found  in  practice  that  the  tendency  to 
leave  lamps  burning  all  night  or  for  exceptionally  long 
periods  has  been  greatly  exaggerated,  and  that  the 
actual  annual  consumption  of  current  per  lamp  is  far 
less  than  one  would  anticipate.  On  the  \\"imbledon 
and  Waterloo  systems  of  the  Fixed  Price  Light  Company 
the  average  annual  consumption  of  current  works  out 
at  a  httle  under  28  units  per   ^o-watt  lamp  installed. 

3-2 
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The  figures  obtained  from  the  Waterloo  and  Rotherhithe 
districts,  which  are  both  decidedly  working-class  neigh- 
bourhoods, compare  favourably  with  the  figures  obtained 
from  the  Wimbledon  district,  which  is  a  better-class 
residential  neighbourhood.  The  charges  at  Wimbledon 
average  4d.  per  3o-\vatt  lamp  and  5d.  per  50-watt 
lamp  per  week,  and  I  should  be  pleased  to  explain  at 
any  time  the  method  employed  in  arriving  at  these 
figures,  which  I  may  say  show  a  fair  profit  to  the  com- 
pany. With  regard  to  heating  and  cooking,  the  antici- 
pated revenue  would,  as  the  author  states,  doubtless 
be  suiificient  to  justify  the  cost  of  a  meter,  but  at  the 
same  time  I  feel  that  with  sufficient  reliable  data  one 
could  possibly  evolve  a  scheme  for  charging  on  the 
fixed-price  basis. 

Mr.  S.  W.Melsom  :  The  Sub-Committee  on  Earthing 
have  produced  a  Report  which  is  distinctly  courageous 
if  somewhat  provocative  of  criticism,  and  they  have 
probably  done  wisely  in  bringing  earthing  and 
fusing  together.  One  really  fundamental  question  is 
the  definition  of  the  function  of  an  earth  wire  given 
on  page  464  as  follows  :  "  The  whole  object  of  an  earth 
wire  is  to  enable  a  fuse  to  open  the  circuit."  The  present 
Wiring  Rules  obviously  do  not  provide  for  this,  and  it 
is  certain  that  any  such  definition  will  have  to  be 
carefully  considered  by  the  Wiring  Rules  Committee 
before  it  could  be  adopted.  If,  however,  the  definition 
is  accepted,  the  work  of  drafting  the  clauses  relating 
to  earthing  will  be  very  much  simplified,  although  the 
cost  of  an  installation  will  probably  be  increased.  The 
question  is,  however,  not  wholly  one  of  the  size  of 
earth  wires  ;  consideration  must  also  be  given  to  the 
resistance  of  the  other  portion  of  the  circuit  through 
which  the  current  must  flow.  The  Report  is,  in  this 
respect,  not  altogether  consistent,  since  the  Sub-Com- 
mittee provide  only  for  a  large-section  conductor  down 
to  an  earth  plate  (page  471),  and  appear  to  regard  the 
remainder  of  the  circuit  as  having  no  resistance.  I 
felt  rather  dubious  about  the  resistance  of  the  earth 
when  contact  is  made  by  means  of  an  earth  plate,  and 
had  two  plates  buried  under  the  conditions  suggested 
in  the  Report.  The  holes  were  cut  right  down  on  to 
the  Thames  ballast,  with  a  protecting  layer  of  clay 
above  it,  the  soil  being  very  wet.  The  plates  were  buried 
in  coke,  and  were  15  feet  apart.  The  resistance  between 
plate  and  the  coke  was  practically  zero  ;  and  between 
plate  and  plate  it  was  60  to  70  ohms.  Obviously  this 
resistance  is  far  too  high  to  allow  of  sufficient  current 
to  heat  up  a  cable,  and  if  earth  plates  are  to  be  allowed 
it  is  clear  that  the  size  of  earth  wire  permitted  by  the 
present  Wiring  Rules  is  more  then  sufficient.  I  have 
no  definite  figures  for  water  pipes — these  are  no  doubt 
of  much  lower  resistance — but  I  doubt  whether  their 
resistance  is  sufficiently  low  ;  and  in  the  event  of  the 
Wiring  Rules  Committee  adopting  the  proposal  of  the 
Sub-Committee  and  regarding  the  earth  wire  as  a  pro- 
tector of  the  cable,  it  seems  probable  that  some  system 
of  continuous  conductOL'  protector  will  be  required  if 
currents  of  the  magnitude  suggested  in  the  Report  are 
to  be  dealt  with.  Before  going  on  to  the  question  of 
fuses,  I  should  like  to  say  that  I  cannot  agree  with 
Mr.  Frith's  remarks  that  the  present  Wiring  Rules 
allow  of  a  current  density  which  approaches  the  danger 


point  for  cables.  Actually  the  temperature-rise  with 
the  currents  allowed  will  be  only  20  degrees  F.  for 
rubber-covered  cables  and  50  degrees  F.  for  paper- 
insulated  cables.  The  air  temperature  is  taken  to  be 
80°  F.,  a  figure  which  is  higher  than  the  normal 
air  temperature  in  this  country  ;  but  even  under  these 
conditions  the  final  temperature  would  be  ioo° 
F.  for  rubber  cables  and  130"  F.  for  paper  cables. 
The  figures  for  safe  temperature  for  the  different 
types  of  cables  are  130°  F.  and  iSo"  F.,  so  that  there 
is    a    margin    of    30    degrees  F.  for  rubber  cables  and 

Table  A. 

Fusing  and  Safe  Running  Current  for  Fuses  carried  in 
Vitrified  Earthemvare  Holders. 

The  fusing  current  was  determined  for  various  sizes  of 
bare  copper  wire  over  a  range  of  from  10  to  150' 
amperes.  In  these  tests  the  fusing  current  was 
taken  to  be  that  which  would  melt  a  given  size  of 
wire  in  a  period  of  approximately  one  minute. 


Size  of  Wire 

Fusing  Current 

Preece's  \'alms 
from  "  Munro 
and  Jamieson  " 

S.W.G. 

3^ 

Amps. 

10-8 

Amps. 

"•5 

30 
28 

132 
17-0 

14 
18 

26 

23  "7 

24-7 

24 

31-2 

33 

23 
22 

35-5 

44 

48 

21 

52 

— 

20 
19 

65 

78 

70 

18 

103 

107 

17 
16 

129 
161 

166 

The  safe  running  current  for  the  various  sizes  of  wire 
may  be  taken  as  being  from  55  to  60  per  cent  of 
the  fusing  current.  The  safe  running  current  is 
that  at  which  there  is  little  or  no  oxidation  of  the 
fuse  wire.  With  currents  appreciably  higher  than 
from  55  to  60  per  cent  of  the  fusing  current  the 
decrease  in  section  of  the  wire  due  to  slow  oxida- 
tion will  result  in  the  wire  fusing  at  a  lower  current 
than  that  given  above. 

50  degrees  F.  for  paper  cables.  Not  only  have  we  a  wide 
margin  as  regards  heating,  but  it  must  be  borne  in 
mind — and  this  is  a  point  which  needs  emphasis — that 
even  if  a  particular  wire  attains  for  a  short  period  the 
maximum  temperature  allowed  by  the  Wiring  Rules 
it  is  not  necessarily  ruined.  The  process  of  deteriora- 
tion of  a  dielectric  by  a  high  temperature  is  very  slow, 
and  the  cable  would  probably  withstand,  for  a  short 
time,  without  any  appreciable  change  a  higher  tempera- 
ture than  the  outside  limits  above  mentioned.  With 
regard  to  fuses,  the  Report  suggests  that  tin  fuse  wire 
only  should  be  allowed,  a  recommendation  which  is  in 
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vay  opinion  open  to  serious  objection,  since  it  will 
tend  to  prevent  a  better  material  being  introduced. 
It  is  much  better  to  specify  the  requirements  for  fuse 
metals  and  leave  the  manufacturers  free  to  use  any 
material  that  will  comply  with  such  requirements.  The 
use  of  copper  is  almost  universal,  and  there  is  httle 
doubt    that    with    properly    designed    fuse-holders    and 

Table  B. 

Energy  Losses  with  Fuses  of  I'arious  Lengths. 

The  loss  is  given  for  some  of  the  larger  sizes  of  fuses 
when  running  contmuously  at  5o  per  cent  of  their 
normal  fusing  current.  The  losses  given  for  the 
fuse-wire  lengths  of  3J  inches  and  6  inches  are 
calculated  from  the  values  obtained  with  the  actual 
length  of  4J  inches,  assuming  for  the  purpose  of 
calculation  that  the  resistance  of  the  fuse  with  the 
current  flowing  is  in  proportion  to  its  length. 


Watti  lost  in  12  Fuses  at  Normal  Running  Current,  i.e.  fio  per  cent  of 
Fusing  Current 


Current 

Length  of  Fuse  between  Terminals 

Size  of  Wire 

3iin. 

Normal, 
4}  in. 

6  in. 

S.W.G. 
16 

Amps. 
965 

148 

190 

2.i3 

18 

62-3 

107 

138 

184 

19 

47 

83 

107 

142 

20 

39 

72 

92 

123 

Table  C. 

Temperature  Rise  in  a  Fuse  Box. 

The  rise  of  temperature  above  that  of  the  surrounding 
air  was  taken  after  eight  fuses  had  been  running 
continuously  until  the  temperature  had  reached 
a  steady  state.  The  fuse  wire  used  was  No.  i6 
S.W.G.  with  a  current  of  96- 5  amperes. 


Temperature  Rise  inside  Case 

Outside  of  Case 

At  Bottom 

Top 

Upper  Fuse 
Terminal 

Top 

20  deg.  C. 

34  deg.  C. 

70  deg.  C. 

20  deg.  C. 

intelligent  use  it  is  a  fairly  satisfactory  material.  Closer 
limits  between  safe  running  current  and  fusing  current 
are,  however,  most  desirable,  but  it  is  equallv  important 
that  the  contact  should  be  good,  and  I  think  that  rather 
more  information  on  this  point  is  required  before  a 
specification  can  be  drafted  which  is  based  on  the 
performance  of  tin  wire.  Various  points  regarding 
fusing  currents,  etc.,  of  copper  afe  raised  in  the  Report, 


and  the  figures  given  below  for  coppor  fuses  may  be  of 
interest.  They  refer  to  actual  tests  made  with  a  fuse 
bo.x,  and  in  Table  A  is  given  the  fusing  current  of 
various  sizes  of  copper  wire  when  carried  in  appropriate 
holders.  It  will  be  noted  that  the  values  are  not  very 
different  from  those  given  by  Sir  William  Preece. 
Table  B  gives  the  energy  loss  in  copper  fuses  of  various 
lengths — another  point  that  has  to  be  considered  in 
connection  with  any  revision  of  the  Rules,  and  Tatle  C 
the  temperature  rise  at  various  parts  of  an  iron  box 
containing  eight   fuses. 

Mr.  Charles  A.  Baker  :  I  have  had  occasion  to 
consider  the  matter  of  wiring  artisan  dwellings  mainly 
from  the  point  of  view  of  getting  something  which 
must  be  absolutely  safe  and  which  must  be  reasonable 
in  cost  :  the  installation  must  be  fireproof  and  fool- 
proof, and  I  have  come  to  the  conclusion  that  screwed 
tubing  is  the  best  solution  of  the  problem.  In  order 
to  avoid  going  in  for  hea\'y  capital  expenditure,  I 
suggest  putting  in — whilst  the  houses  are  being  built — 
a  skeleton  screwed-tube  system  running  from  the  nearest 
point  at  which  the  supply  can  be  taken  to  a  central 
p>oint  in  the  house  :  that  would  be  a  horizontal  run  ; 
then  there  would  be  a  run  from  the  top  to  the  bottom 
of  the  house,  and  the  shortest  possible  branches  of 
tubing  to  reach  each  of  the  principal  rooms  and  the 
staircase.  I  am  inclined  to  think  that  design  achieves 
what  Mr.  Beauchamp  referred  to  as  a  sort  of  ready- 
made  system  which  could  be  fitted  into  all  the  houses 
of  equal  pattern.  (I  do  not  think  it  is  intended  to 
make  many  of  these  houses  of  identical  pattern,  but 
to  some  extent  they  must  be  so.)  The  tube  might  be 
sent  on  to  the  job  cut  into  correct  lengths,  with  suitable 
bends  and  boxes  :  there  must  be  a  plug-box  near  the 
ceiling  ;  then  lower  down  nearer  the  ground  one  wants 
a  plug  into  which  any  kind  of  cooking  or  heating 
apparatus  can  be  fitted,  but  I  do  not  think  such  appar- 
atus should  form  part  of  the  original  installation.  If  a 
man  goes  to  live  in  a  house  he  provides  himself  with  a 
candle  or  a  lamp  or  anything  else.  He  finds  in  these 
houses  of  which  I  am  speaking  a  conduit  with  an 
arrangement  of  plugs,  and  if  he  likes  he  can  buy  or  hire 
lighting  or  cooking  apparatus  with  fle.xible  wire  and 
plug,  and  easily  get  this  apparatus  connected.  The 
important  point  is  to  put  into  these  houses  as  they 
are  built  by  the  hundred  and  thousand  a  skeleton  tube 
arrangement  which  will  not  cost  a  very  large  amount 
of  money  and  into  which  can  be  drawn  wires  for  any 
purpose  required — either  a  small  wire  for  lighting  or 
a  larger  wire  for  heating — without  interference  with 
the  floors  and  ceiling  and  without  irritating  the  archi- 
tect after  the  house  is  built.  After  a  house  is  constructed 
the  less  one  has  to  interfere  with  the  builders'  work 
the  better.  It  has  surprised  me  to  hear  various  speakers 
talk  of  the  chain-pull  switch  as  something  of  a  novelty  : 
I  have  had  some  in  my  own  house  for  a  long  time  and 
recommend  them.  By  simply  giving  the  chain  a  pull 
the  light  comes  on  or  goes  off  ;  it  is  a  rotary-  switch. 
I  believe  such  switches  are  not  obtainable  just  at  the 
present  time,  but  the  type  should  be  well  known.  I 
have  endeavoured  to  get  such  switches  used  in  connection 
with  school  lighting,  where  the  ceilings  are  high,  12  or 
13  feet,  and  consequently  the  drop  to  the  switch  is  rather 
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a  long  one,  but  I  have  never  found  that  contractors 
would  make  any  reduction  on  their  contract  price  for 
putting  in  chain  -  pull  switches  instead  of  dropping 
down  with  conduit  and  wires  to  the  usual  tumbler 
switch.  I  agree  with  Mr.  Cash  that  in  artisan  dwel- 
lings switches  should  be  close  to  the  lights  ;  the  fact 
that  a  man  has  to  walk  across  the  room  to  the  switch 
is  not  material  in  a  small  house.  I  am  afraid  Mr. 
Milne  will  have  to  face  the  condition  of  putting  in  at 
least  one  meter.  I  agree  that  there  should  not  be  two  : 
the  average  house  using  electricity  for  several  purposes 
might  very  well  be  assessed  as  to  the  amount  of  energy 
used  for  lighting  purposes,  which  would  have  to  be  paid 
for  at,  say,  6d.  or  8d.  per  unit,  and  for  anything  beyond 
this  assessed  quantity  a  very  much  lower  price  should 
be  charged,  but  always  assuming  that  the  actual  total 
consumption  is  accurately  known. 

Dr.  A.  W.  Ashton  [communicated)  :  One  of  the  chief 
obstacles  to  progress  in  the  appUcation  of  electricity 
to  the  lighting  of  small  houses  is  the  high  initial  cost, 
i.e.  of  house  service,  supply  meter,  and  wiring.  The 
practice  of  charging  a  flat  rate  for  residence  lighting, 
entailing  the  installation,  maintenance,  and  the  period- 
ical reading  of  a  meter  for  each  house,  becomes  par- 
ticularly disadvantageous  when  applied  to  small  cot- 
tages, in  which,  provided  the  full  advantage  of  electric 
lighting  is  to  be  obtained,  i.e.  by  the  installation  of 
lamps  at  all  useful  points,  the  load  factor  becomes 
so  low  that  the  running  costs  for  energy  are  almost 
negligible  compared  with  the  stand-by  charges.  Ex- 
perience has  shown  that  in  small  houses  using  electricity 
for  lighting  only,  not  more  than  400  hours'  use  per 
annum  of  the  total  lamps  installed  can  be  expected. 
Under  these  conditions  the  stand-by  charge  for  energy 
is  from  three  to  four  times  the  running  cost,  and  it  is 


more  logical  to  apply  a  fixed  rental  per  week  (or  per 
annum)  based  upon  the  total  lamps  installed.  Such 
a  charge  can  generally  be  included  in  the  rent,  which 
materially  lessens  the  cost  of  collection.  The  meter 
can  be  dispensed  with,  and  the  cost  of  house  services 
can  be  considerably  reduced.  The  main  difficulty  in 
the  apphcation  of  such  a  tariff  is  the  possibihty  of  the 
consumer  either  (a)  increasing  the  consumption  of  the 
lamps  installed,  or  (b)  wasting  energy,  by  neglecting  to 
switch  off  lights  not  required.  Provided  the  consumer 
is  made  to  understand  clearly  that  lamps  have  only  a 
certain  "  life,"  the  cost  of  renewals  will  keep  down 
the  waste  under  (&)  to  a  reasonable  amount.  An 
unauthorized  increase  in  maximum  demand  can  only 
be  prevented  by  the  installation  of  some  form  of  cur- 
rent-limiting device.  On  alternating-current  circuits 
the  series  condenser  system  offers  certain  advantages 
when  applied  to  the  lighting  of  small  houses  :  (i)  The 
demand-limiting  effect  is  so  gradual  in  its  operation 
as  to  be  barely  perceptible,  yet  it  is  impossible  for  the 
circuit  of  a  200-volt  i-ampere  condenser  (for  instance) 
to  take  more  than  140  watts.  (2)  Owing  to  the  fact 
that  short-circuits  are  quite  harmless,  the  cost  of  wiring 
can  be  considerablv  reduced  without  risk  of  fire. 
(3)  Where  mains  are  overloaded  with  lagging  currents, 
to  add  connections  on  this  system  reduces  the  current 
to  be  carried  by  the  cables.  (4)  In  small  cottages  there 
are  a  number  of  points  where  a  25-watt  lamp  is  too  large. 
With  a  condenser  a  lo-watt  lamp  can  be  used.  In 
spite  of  the  small  number  of  new  houses  built  during 
the  last  five  years,  over  400  installations  of  the  series 
condenser  system  have  been  put  in  operation  ;  in  nearly 
all  cases  the  cost  of  lighting  has  been  collected  as  rent. 
[Mr.  Milne's  reply  to  the  discussion  on  his  paper  will 
be  found  on  page  489.] 


Dundee   Sub-Centre, 


30  April, 


iq20. 


Mr.  H.  Richardson  ;  I  propose  to  digress  somewhat 
from  the  actual  subject-matter  of  the  paper  and  refer 
to  the  contract  system  of  charging.  The  whole  object 
of  this  tariff  is  to  popularize  electricity  for  every- 
day use  and  for  every  purpose,  as  we  know  it  to-day. 
It  would  appear  that  it  is  not  much  good  trying  to 
popularize  the  use  of  electricity  for  all  purposes  by 
cheapening  installations,  if  there  are  obstacles  to  the 
complete  use  of  electricity  by  methods  of  charge,  or 
other  obstructions,  intentional  or  unintentional,  put 
upon  the  supply.  It  seems  to  me  that  if  we  adhere 
to  the  use  of  two  separate  meters  for  the  ordinary 
installation,  one  for  lighting  and  one  for  power,  we 
shall  never  do  much  in  the  way  of  complete  populariza- 
tion of  the  use  of  electricity.  We  must  get  away  from 
the  old  pohcy  that  there  is  any  difference  between 
light  and  power. 

Mr.  S.  Ponsford  :  The  author  proposes  to  use  a 
special  wire,  but  in  the  event  of  a  change  of  polarity 
of  that  wire,  what  will  happen  ?  The  neutral  wire 
which  is  uninsulated  will  become  alive.  I  agree  that 
there  is  not  co-operation  between  the  architect  and 
the  contractor,  and  in  connection  with  artisans'  houses 
wired    under    the    proposed    system,    before    a    lay-out 


or  plan  can  be  prepared  it  will  always  be  necessary  to 
know  the  style  of  the  house  to  be  built.  Mv  impression 
is  that  if  an  artisan's  house  is  built  on  the  square  sj'stem, 
with  four  or  five  rooms  opening  out  of  one  vestibule, 
the  matter  of  wiring  is  quite  simple  cither  in  wood  casing 
or  steel  tubing.  I  do  not  agree  that  main  switches 
should  be  eliminated,  but  some  form  of  combined 
switch  and  fuse  would  be  desirable.  Such  apparatus 
is  on  the  market  at  present  and  could  be  very  quickly 
fitted.  It  also  seems  to  me  that  some  simplification 
of  the  methods  of  charging  is  necessary. 

Mr.  R.  Kilpatrick  :  With  regard  to  the  installation 
of  electric  light  in  connection  with  the  present  housing 
schemes,  the  cost  of  installing  such  installations  is 
only  about  2-.',  per  cent  of  the  cost  of  the  complete 
building,  so  that  I  do  not  see  what  great  gain  can  be 
made  by  cheapening  the  cost  of  wiring  when  the  actual 
cost  is  such  a  small  percentage  of  the  total. 

Mr.  R.  B.  Mitchell:  It  is  not  only  impossible  now- 
adays to  supply  two  meters  but  it  is  questionable 
whether,  for  these  smaller  consumers,  we  can  afford 
even  one  meter  at  present  prices.  The  meters  of  the 
smallest  size  now  cost  appro.ximately  £^  each,  and  with 
therevenueto  be  anticipated  it  would  not  pay.     In  these 
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housing  schemes  it  would  be  quite  impossible  to  have 
one  service  cable  for  one  consumer,  so  long  as  the 
supply  is  for  lighting  only,  "  The  small  installation 
does  not  pay  at  the  present  time,  but  everything  is 
being  done  and  will  be  done  by  most  supply  authorities 
to  encourage  the  use  of  electricity  for  ever\-  purpose. 
We  have  in  Glasgow  a  system  of  charging  which,  in 
my  opinion,  is  as  perfect  as  possible  for  the  purpose. 
We  assess  flats  and  houses  on  the  lightincj  maximum 
demand  taken  and  used  for  a  number  of  hours  per 
annum,  and  the  units  registered  up  to  the  assessed 
amount  are  charged  at  the  high  rate,  with  a  low  charge 
for  units  over  this  amount.  The  year  is  divided 
into  five  periods,  the  number  of  units  chargeable  at 
the  high  rate  allocated  to  any  period  being  based  on 
the  number  of  hours  of  darkness  in  that  period.  The 
result  is  that  the  consumers  usually  have  low-rate 
units  in  each  period,  and  this  system  has  the  distinct 
advantage  that  the  consumer  pays  only  for  the  energy 
actually  consumed.  Each  period  stands  by  itself, 
i.e.  consumers  are  not  required  to  make  up  high-rated 
units  not  used  in  one  period  in  any  other  period. 

Mr.  R.  D.  Archibald :  I  should  hke  to  ask  the 
author  w^hether  a  method  could  not  be  devised  of 
lighting  two  rooms  with  one  lamp. 

Mr.  J.  C.  Christie  :  This  paper  deals  particularly 
with  the  type  of  house  about  to  be  built  under  the 
Government  Housing  Scheme.  In  this  district  it  is 
proposed  to  charge  a  rent  of  from  £2=,  to  £^^0  per  annum 
for  one  of  these  houses,  and  the  class  of  tenant  who  will 
pay  this  rent  is  one  likely  to  wish  to  have  electric  light. 
He  will  enter  a  new  house  with  all  wallpapers  and 
decorations  clean  and  it  will  be  worth  his  while  to 
use  electric  light  to  maintain  them  in  that  condition 
as  long  as  possible.  Also,  the  local  authorities  in 
this  district  are  permitting  these  houses  to  be  built 
with  ceilings  considerably  lower  than  has  hitherto 
been  allowed,  and  for  the  sake  of  ventilation  electric 
light  will  be  desirable.  We  mav  take  it  then  that  the 
supply  will  be  wanted,  and  it  is  important  to  keep 
down  the  cost  so  far  as  to  make  the  installation  possible. 
It  is  up  to  us,  however,  to  see  that  this  is  not  done  by 
any  methods  which  will  endanger  the  soundness  of  the 
wiring,  but  rather  by  cutting  out  those  luxuries  of 
electric  lighting  which,  though  desirable,  are  not 
essential.  Thus,  plain  pendants  should  be  used  through- 
out, and  one  lamp  only  must  be  provided  in  each  room. 
I  think  the  number  of  lamps  allowed  is  too  great  for 
the  size  of  house  and  might  well  be  reduced  from  nine 
to  six.  The  convenience  of  wall  plugs  must  be  given 
up,  as  well  as  such  luxuries  as  two-way  switches.  We 
shall  then  get  a  very  simple  installation  which  should 
be  thoroughly  sound  so  far  as  it  goes,  and  which  will 
be  moderate  in  price,  without  that  cheapness  being 
attained  by  doubtful  methods  of  wiring  such  as  flexible 
cables  run  along  the  roof  with  their  usual  accompanying 
band  of  black  upon  the  ceiling,  or  switches  on  the 
roof  operated  by  cords  hanging  down  the  wall.  I  do 
not  approve  of  the  use  of  a  semi-insulated  wire  for  the 
neutral.  Either  the  wire  requires  to  be  insulated  or 
it  does  not,  and  if  it  does  it  should  be  done  thoroughly. 
I  assume  that  the  great  majority  of  the  houses  wired 
under  this  scheme  will  be  connected  to  public  supply 
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mains,  and  in  most  cases  the  use  of  such  a  semi-insulated 
wire  would  not  be  permitted.  In  the  case  of  a  direct- 
current  three-wire  system,  everj'  time  that  a  fault 
to  earth  occurs  upon  one  of  the  outers  it  means  that 
the  potential  of  the  neutral  wire  throughout  the  system 
rises  to  something  approaching  the  full  working  pressure, 
and  if  this  cable  is  not  thoroughly  insulated  there  will 
inevitably  be  trouble. 

Mr.  D.  Martin  :  It  may  be  of  interest  to  mention 
that  in  November  last  certain  costs  were  worked  out 
on  actual  work  undertaken  in  widely  divergent  cities 
of  the  Kingdom  with  the  following  results.  All  the 
prices  are  per  point  : — 


London  : — 

V.I.R.  in  screwed  conduit 
V.I.R.  in  wood  casing 
C.T.S.  cleated  up 

Birmingham  : — 

V.I.R.  in  screwed  conduit 
C.T.S.  cleated  up 

Warrington  : — 
V.I.R.  in  screwed  conduit 
C.T.S.  cleated  up 

Glasgow  : — 

V.I.R.  in  screwed  conduit 
C.T.S.  cleated  up 


Since  these  costs  were  worked  out,  both  wages  and 
the  prices  of  materials  have  advanced  considerably  so 
that  I  do  not  put  them  forward  as  current  prices. 
They  are  mainly  interesting  from  two  points  of  view  : 
first,  they  establish  the  claim  that  a  first-class  and 
inexpensive  job  can  be  carried  out  with  cab  tyre 
sheathed  cables  ;  and  second,  the  wide  divergence  in 
costs  between  various  districts  due  mainly  to  the 
difference  in  wages  rates  of  the  workmen  concerned, 
and  the  aptitude  of  some  men  to  switch  on  to  a  new 
svstem  more  quickly  than  their  fellows.  Apart  from 
the  price  there  are  many  reasons  why  cab  tyre  sheathed 
cables  should  be  used  in  an  artisan's  dwelling  of  the 
type  described  by  the  author,  rather  than  the  uninsulated 
outer-conductor  type  which  he  mentions.  Reference 
has  aheady  been  made  to  the  great  risks  involved  in 
the  event  of  such  an  uninsulated  conductor  receiving 
the  potential  of  one  of  the  outers  in  a  three-wire  system, 
instead  of  being  at  neutral  potential.  With  cab  tyre 
sheathed  cables  such  changes  in  polarity  or  potential 
would  be  of  no  account  from  that  point  of  view. 
Further,  there  is  the  question  of  standardization  to  be 
considered.  Theoretically  the  cable  advocated  hy  the 
author  should  cost  less  than  one  with  both  conductors 
insulated,  but  in  practice  it  will  cost  more  than  the 
nearest  standard.  Regarding  the  prejudice  against  the 
use  of  cab  tyre  sheathed  cable,  this  probably  is  due 
mainly  to  lack  of  experience  on  the  part  of  the  supply 
engineer  and  contractors,  and  partly  to  opposition 
from  the  workmen  on  account  of  the  reduction  in  time 
required  to  install  the  cable. 

Mr.  R.  A.  Ure  :  With  regard  to  the  cost  of  installation, 
I  think  that  the  rates  which  the  author  has  taken  are 
much  too  low.     I  am  also  of  the  opinion  that  nothing 
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should  be  done  to  cheapen  the  wiring  of  an  artisan's 
house,  as  the  best  possible  type  of  wiring  is  desirable 
in  such  houses.  The  conditions  in  Scotland  are  a  little 
different  from  those  in  England,  as  here  houses  are  let 
by  the  month  and  as  soon  as  there  is  a  surplus  of  houses 
the  new  ones  may  be  inhabited  by  a  class  of  tenant 
who  will  ill-use  the  installation.  For  these  reasons 
it  is  not  desirable  to  cheapen  the  wiring.  The  total 
cost  of  the  electrical  installation  is  a  small  matter 
when  we  take  into  consideration  the  life  of  a  good 
installation.  Apart  from  the  above  remarks,  the 
author's  ideas  regarding  the  cheapening  of  the  wiring 


would  not  meet  with  the  requirements  of  the  supply 
companies,  etc.,  in  Scotland. 

Mr.  E.  J.  B.  Lo'wdon  :    As  regards  semi-insulated  or 

,    covered    wires,    I    consider    that    for    electric    lighting, 

power,  or  heating  there  should  be  only  two  different 

kinds    of   wire    used,    namely,    one    entirely    bare,    run 

overhead  in  the  open  on  insulators  only,  and  the  other 

insulated   to   pass   any   reasonable   test.     1   think   that 

I    semi-insulated  or  covered  wires  will  only  lead  to  trouble 

I   sooner  or  later,  and  I  never  use  them  on  any  installation. 

[Mr.  Milne's  reply  to  the  discu.':sion  on  his  paper  will 

be  found  on  page   489.] 


North  Midl.\nd  Centre,  at  Leeds,  ii  May,  iq^o. 


Mr.  T.  B.  Johnson  ;  Up  to  the  present  I  have  been 
under  the  impression  that  whereas  electricity  is  obviously 
the  best  means  of  lighting  a  house  and  of  providing 
such  small  domestic  comforts  as  electric  heaters,  irons, 
and  vacuum  cleaners,  when  it  comes  to  heating,  gas 
is  so  much  more  economical  that  it  is  difficult  to  justify 
the  use  of  electricity.  The  Fuel  Research  Board 
recently  published  a  table  showing  that  the  cost  of 
100,000  therms  with  gas  at  4s.  2d.  per  1,000  cubic  feet 
was  lod.,  whilst  with  electricity  at  2d.  a  unit  it  was 
58d.,  that  is  approximately  six  times  as  much  for  elec- 
tricity as  for  gas.  No  one  will  be  better  pleased  than 
I  shall  be  if  I  am  wrong,  but  when  we  are  called  upon 
for  our  opinion  we  do  not  want  to  go  too  far  in  recom- 
mending heating  by  electricity  if  there  is  a  better  way. 
The  author  thinks  that  it  is  practically  impossible  to 
get  people  to  give  up  the  open  fireplace.  I  hope  he 
is  mistaken,  because  the  gain  from  a  health  point  of 
view,  by  eliminating  the  fireplace,  would  be  so  great 
that  it  is  worth  a  big  effort  to  try  to  effect  it.  If,  how- 
ever, we  cannot  do  without  the  open  fireplace,  it  seems 
doubtful  whether  we  can  do  without  a  coal-fire  kitchen- 
range  ;  and  if  we  must  have  the  coal-fire  kitchen-range, 
I  think  that  is  the  means  whereby  we  should  get  the 
supply  of  hot  water.  In  the  paper  the  author  does  not 
go  into  the  cost  of  maintenance,  but  merely  states 
the  cost  of  current  ;  and  I  think  that  in  some  instances 
he  has  gone  somewhat  too  far  in  the  way  of  saving 
first  cost,  and  that  he  would  lose  money  in  subsequent 
maintenance.  For  example,  on  page  465  he  proposes 
to  dispense  with  switch  drops  and  to  place  a  combined 
switch  and  ceiling  rose  on  the  wall  near  the  ceiling  level, 
operating  the  switch  by  a  cord  or  rod  attachment.  If 
he  does  that,  he  will  find  that  the  maintenance  costs 
will  soon  cancel  the  saving  on  the  twin  flexible,  which  is 
really  not  very  much,  although  it  is  stated  at  40  per  cent. 
I  am  under  the  impression  that  this  method  has  been 
tried  more  than  once  and  has  been  abandoned  because 
the  cost  of  maintenance  soon  offset  the  saving  in  capital. 
On  the  same  page  the  author  proposes  that  the  supply 
from  house  to  house  of  a  group  should  be  made  by 
means  of  bare  overhead  wires.  I  suggest  there,  too, 
that  the  initial  saving  would  be  offset  by  subsequent 
troubles  in  maintenance.  These  wires  will  be  low, 
they  will  be  at  a  height  which  will  make  it  awkward  for 
many  vehicles  to  pass  under  them,  and  the  wires  would 
be    interfered    with    either    maliciously    or    playfully. 


Lastly,  although  we  do  not  expect  that  telephone  wires 
will  be  wanted  on  each  of  these  houses,  they  would  be 
unquestionably  wanted  on  some,  and  bare  telephone 
wires  and  bare  electric  wires  do  not  go  well  together. 
At  the  top  of  page  466,  the  author  suggests  that  a  group 
of  12  to  20  houses  should  be  taken,  and  that  a  common 
charge  should  be  made  to  the  occupiers  of  those  houses, 
a  rebate  being  given  for  economical  use  of  the  current. 
Good  neighbourly  relations  could  not  be  carried  on 
under  such  a  system  as  that. 

Mr.  W.  H.  Wraith  :  I  certainly  think  that  the  idea 
on  page  46O  of  having  groups  of  consumers  would  lead 
to  economy  and  ought  to  be  applied.  I  do  not  agree, 
however,  that  an  extra  charge  should  be  made  for  small 
industrial  apparatus.  An  electric  iron  usually  takes 
only  a  very  small  current,  and  the  charge  for  nine  lights 
could  easily  allow  for  the  extra  current.  I  am  not  in 
favour  of  electric  heating,  and  I  do  not  fin;:!  it  as  cheap 
as  a  fire. 

Mr.  G.  F.  Davidson  :  The  cost  of  wiring  with  twin 
wires  for  a  heating  plug  is  given  by  the  author  as  about 
1 8s.  The  cost  of  a  moderately  good  combined  switch 
plug  to-day,  without  any  wiring,  is,  however,  in  the 
region  of  i8s.  I  do  not  know  how  the  author  has 
arrived  at  the  costs  stated  in  the  paper.  I  also  do  not 
agree  with  this  cost  of  a  lighting  installation.  Only  last 
week-end  I  had  to  estimate  for  500  houses  on  one  estate. 
The  installations  were  to  be  carried  out  in  screwed 
tube,  with  CM. A.  cable,  complete  with  opal  shades 
and  lamps,  and  the  lowest  possible  prices  worked  out 
as  follows  :  For  a  7-light  house,  lighting  only,  ;^22  5s.  ; 
8  lights,  £2=,  los.  ;  8  lights  in  blocks  of  four,  £2g  los. 
per  house.  The  variation  in  those  prices  is  due  to  the 
cost  of  7/16  S.W.G.  interconnecting  mains.  The  supply 
authority  proposes  to  put  in  one  service  for  each  pair 
of  houses,  and  one  service  for  blocks  of  four,  and  it  is 
suggested  to  interconnect  inside  by  7/16  S.W.G.  mains. 
In  blocks  of  four  this  increases  the  cost  to  my  mind 
rather  unduly,  on  account  of  the  arrangement  of  the 
end  house.  The  internal  runs  are  rather  longer  and 
more  costly.  Cleat  wiring  I  do  not  agree  with  at  all. 
I  think  that  after  the  houses  have  been  occupied  about 
a  week  the  wires  in  the  kitchen  will  be  used  for  hanging 
up  clothes.  I  am  sure  that  the  cost  of  repairs  to  those 
houses  with  cleat  wiring  would  be  very  much  more 
than  if  a  good  job  were  made  in  the  first  case.  The 
lamps  should  be  fairly  high,  and  probably  in  the  living 
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room  should  be  suspended  by  a  tube  rather  than  by  a 
tiexible  cord.  I  think  1/18  S.W.G.  or  3/32  S.W.G.  is 
quite  small  enough,  and  I  do  n"ot  agree  at  all  with  the 
author's  suggestions  regarding  the  use  of  uninsulated 
wires.  I  think  it  is  very  desirable  that  there  should 
be  a  separate  meter  for  each  house.  I  would  encourage 
people  to  use  special  apparatus  such  as  washing  machines, 
irons,  and  so  on.  I  do  not  see  why  there  should  be 
any  difficulty  in  charging  for  the  current  without  putting 
in  two  meters.  Why  should  not  supply  authorities 
put  a  card  in  front  of  each  meter  stating  that  "  You 
are  entitled  to  so  many  units  per  quarter  at  such  and 
such  a  rate  ;  if  you  exceed  that  number  of  units,  you 
will  be  charged  at  a  lower  or  special  rate  "  ?  It  is  very 
desirable  to  fix  a  very  good  type  of  switch,  which  should 
be  earthed.  I  do  not  find  that  many  switches  are  earthed, 
and  in  one  or  two  instances,  especially  with  steel- 
framed  concrete  houses,  there  have  already  been  one 
or  two  nasty  accidents.  More  attention  should  be 
paid  to  this  matter.  The  average  cost  of  a  house  is 
something  like  /i,ooo,  and  if  £zo  to  {z^  of  that  is  spent 
on  electric  lighting  it  is  a  very  low  figure  and  would 
■  never  be  considered  after  the  first  installation  was  put 
in.  The  heating  problem  I  agree  is  very  difficult,  and 
as  far  as  I  can  see-  at  the  present  time  electrical  heating 
will  not  be  apphed  to  artisan  houses,  at  any  rate  in  the 
north.  With  regard  to  cooking,  the  cost  of  an  electric 
oven  with  hot-plates  is  to-day  considerably  higher  than 
the  cost  of  the  chimneys  in  the  house,  which  the  author 
gives  as  ^25  per  house.  I  agree,  however,  that  the  cost 
of  electric  cooking  apparatus  ought  to  be  very  con- 
siderably reduced. 

Mr.  H.  Moss  :  On  looking  at  the  costs  from  the 
contractor's  point  of  view,  I  cannot  see  how  with  present 
prices  a  house  could  be  wired  at  £\i,  in  close-joint  tubes 
with  continuity  fittings.  Whilst  I  should  very  much 
like  to  see  a  cheaper  method  of  wiring  adopted  I  do  not 
see  at  the  moment  how  we  are  going  to  do  it.  I  have 
been  a  strong  advocate  for  some  years  of  trying  to  get 
cheap  installations  for  private  houses,  and  I  must  differ 
from  some  previous  speakers,  inasmuch  as  I  consider 
that  overhead  mains  are  highly  satisfactory  for  dis- 
tribution from  house  to  house  when  blocks  of  buildings 
are  being  put  up  together  ;  and  it  is  far  cheaper  than 
to  run  supply  mains  through  basements  in  a  row  of 
houses.  I  have  been  connected  with  installations 
where  we  have  adopted  overhead  mains,  and  it  has 
been  the  means  of  cheapening  the  cost  considerably. 
In  the  smaller  class  of  houses  I  do  not  see  why  we  should 
not  have  aerial  wires  run  on  insulators.  I  would  not 
go  so  far  as  to  fix  them  to  the  chimneys,  because  I 
think  they  could  be  put  out  of  the  way  by  running  on 
the  backs  of  the  houses  where  they  would  also  be  far 
more  out  of  sight.  A  case  I  have  in  mind  is  not  many 
miles  from  Leeds,  where  there  are  also  telephone  wires. 
There  has  been  an  electric  supply  for  the  last  10  years, 
and  I  have  never  heard  of  any  difficulty  arising  through 
the  telephone  wires  coming  in  contact  with  the  hght- 
ing  wires.  So  far  as  the  service  is  concerned,  I  strongly 
advocate  aerial  wires  where  unsightliness  has  not  to 
be  considered  too  much,  and  those  wires  I  should  like 
to  see  run  at  the  backs  of  the  streets,  and  not  the  front. 
1  think  it  is  only  fair  that  every  consumer  should  pay 


for  what  he  uses,  and  every  consumer  should  therefore 
have  a  meter.  The  cost  of  meters  to-day  is  rather 
prohibitive,  and  the  rentals  are  sometimes  rather  heavy ; 
but  numbers  of  consumers  would,  if  they  had  the 
chance,  buy  their  meters  outright  rather  than  pay  the 
rental  year  after  year.  Where  a  consumer  is  prepared 
to  buy  the  meter,  I  do  not  see  why  he  should  not  be 
allowed  to  do  so,  provided  that  it  is  sealed  by  the  supply 
authority  and  no  one  has  access  to  it  except  the  supply 
authority's  inspectors.  The  grouping  of  consumers 
would  be  satisfactory  only  if  each  used  approximately 
the  same  amount  of  Ught  and  each  had  installed  the 
same  number  of  irons,  cookers,  radiators,  etc.  Regard- 
ing the  author's  suggestion  about  a  cheap  method  of 
wiring  with  a  twin  wire,  I  should  like  to  know  if  any 
of  this  work  has  been  carried  out  under  present  condi- 
tions. When  he  suggests  that  a  9-light  installation 
could  be  put  in  for  ^7,  i.e.  at  an  average  cost  of  i6s.  gd. 
per  light,  and  that  radiator  plugs  should  be  put  in  for 
i8s.  per  point,  I  fail  to  see  what  kind  of  radiators  he 
proposes  to  use,  as  it  is  impossible  at  present  to  put  a 
radiator  circuit  in  for  that  figure  with  any  kind  of  wiring 
and  with  suitable  flexible  cable,  switches  and  fuses  that 
would  pass  the  rules  and  regulations  of  any  supply 
authority.  £^  per  plug  is  a  common  price  to-day  for 
radiator  plugs  in  houses,  and  I  do  not  see  how  we  can 
reduce  it  to  i8s.  per  point.  I  think  it  is  always  policy 
to  have  every  radiator  plug  on  separate  fuses,  which 
means  a  separate  pair  of  wires  from  a  fuse  board  into 
every  room.  In  conclusion  I  am  afraid  we  shall  be  a 
long  time  before  we  get  electricity  adopted  tmiversally 
for  heating  and  cooking  i.i  artisans'  dwellings. 

Mr.  H.  Adams  :    The  author  has  compared  the  cost 

of  au   electrical   installation   with   the   present   cost  of 

building.     Would  it  not  be  better  to  take  the  cost  of 

an  electric  installation  compared  with  the  cost  of  a  gas 

installation  ?    He  also  suggests  replacing  the  main  switch 

by  fuses.     Assume  that  we  have  only  a  pair  of  fuses.     If 

\   either  of  these  fuses  blow,  the  whole  of  the  house  would 

j    be  in  darkness  ;    I   therefore  suggest  that  two  sets  of 

fuses   would    be   preferable.     If   twin   wire   be  used,  it 

will  undoubtedly  result  in  a  lot  of  waste  if  the  ceiling 

;    rose  and   the  switch  are   not  placed   together,   as  the 

author  suggests  ;    *id  as  it  is  the  general  practice  to 

have  the  switch  at  the  door,  to  enable  the  light  to  be 

switched  on  when  entering  the  room,  I  think  the  addi- 

I   tional  cost  in  wiring  is  fully  warranted.     Cleat  wiring 

I   will    undoubtedly   save    expense,    but    no    matter   hov.' 

j    neatly  it  is  done,  it  will  at  some  time  or  other  become 

unsightly,    especially    when    the    rooms    are    papered. 

Moreover,  if  the  wall  is  distempered  it  wiU  not  do  the 

wire  any  good,  especially  if  only  braiding  is  used  as  a 

protection.     The   author    mentions    on    page    465    that 

there  is  a  possibility  of  electrol}-tic  action,  and  he  has 

made  allowances  for  that  by  having  a  f  inch  insulating 

tube.     At  that  rate,  this  possibiUty  will  also  be  present 

wherever  the  wiring  is  in  contact  with  the  building. 

Co-operation  with  the  architects  in  building  is  a  point 

i    worthy  of  consideration,  and  if  the  runs  could  be  fixed 

during  building  operations  and  wood  plugs  placed  in 

suitable   positions,    a   great   saving  would   be   effected. 

1    As  regards  the  method  of  leading  in  wires,  the  overhead 

proposal   has   great   weaknesses,   in   the   way   of   faults 
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and  leakage.  There  will  be  excessive  leakage  in  wet 
weather  and  during  snow  unless  very  good  insulators 
are  used,  and  double-shed  insulators  are  rather  expensive. 
Would  it  not  be  better  to  have  some  system  of  block 
wiring,  similar  to  that  which  the  Post  Office  uses  at  the 
present  time  in  large  buildings  ?  The  supply  is  brought 
to  a  pothead  outside,  and  from  this  branches  are  taken 
to  the  various  offices.  It  would  be  quite  a  neat  arrange- 
ment, and  preferable  to  open  work.  The  fiat-rate 
system  would  undoubtedly  lead  to  extravagance,  but, 
on  the  other  hand,  would  it  not  be  possible  for  each 
article  which  consumes  more  than  an  ordinary  6o-watt 
lamp  to  be  registered  before  it  is  sold,  and  these  certifi- 
cates to  be  sent  to  the  supply  authorities  ?  If  we  had 
a  flat  rate,  it  would,  as  the  author  suggests,  act  as  a 
stimulus  for  the  sale  of  electrical  apparatus  and  the 
use  of  the  same.  On  page  465,  it  is  stated  that  ^25 
per  house  would  be  saved  by  the  omission  of  chimneys. 
This  saving  alone  warrants  consideration  and  would 
allow  for  a  first-class  electric  light  installation  for  an 
ordinary  house.  With  regard  to  the  airing  cupboard, 
the  type  of  artisan's  house  which  I  have  seen  is  very 
small  and  I  do  not  think  there  would  be  space  for  a  cup- 
board. To  sum  up,  I  should  undoubtedly  recommend 
a  good  class  installation  using  light  grip  tubing  and  well- 
insulated  wire,  as  the  e.xtra  initial  cost  would  be  more 
than  covered  by  the  saving  effected  in  subsequent 
repairs.  Another  most  important  point  for  the  con- 
tractor to  watch  is  the  efficiency  of  all  electrical  appar- 
atus, as  upon  this  the  future  development,  or  I  should 
say  the  future  use  of  electricity  by  the  householder 
depends. 

Mr.  A.  Pickersgill  :  I  am  interested  in  the  wiring 
of  artisans'  dwellings.  Cleckheaton  Council  expect 
to  put  up  300  houses  on  the  garden  city  plan.  The 
surveyor  asked  me  to  get  out  details  of  the  electrical 
devices.  I  have  done  that  so  far  as  I  could  from  his 
plans,  but  the  question  of  wiring  the  houses  and  how 
the  service  is  to  be  run  was  rather  a  moot  point.  I 
considered  the  possibility  of  taking  the  cables  through 
the  chimney  tops,  as  at  Feli.xstowe.  It  did  not  seem' 
to  me  to  be  a  feasible  proposition  so  far  as  our  area 
was  concerned,  owing  to  the  sulphur  and  acids  in  the 
air  from  the  galvanizing  works  a«d  dye  works.  The 
wires  would  soon  be  corroded  and  the  service  would  col- 
lapse. We  also  studied  the  possibility  of  erecting  j 
a  pole  at  the  end  of  each  block  of  houses  and  of  going 
through  the  under-drawings.  This  would  not  be  done 
without  being  unsightly,  and  we  therefore  decided  to 
run  a  separate  service  into  each  block  of  houses.  To 
me  the  sole  point  about  wiring  is  not  the  cost  or  quality 
of  the  material,  but  the  workman.  One  contractor 
quoted  me  £5  a  light  for  about  40  lights  in  a  motor 
garage,  and  I  got  another  man  to  do  it  for  32s.  per  light 
with  twin  lead-covered  wire  and  it  was  a  good  job  too. 
Contractors  do  not  look  after  their  men,  and  owing  to 
ca'  canny  they  do  not  get  through  the  job.  That  is 
why  the  cost  of  wiring  artisans'  dwellings,  mills  and 
workshops  is  prohibitive.  During  the  last  fi\e  months 
I  have  connected  more  consumers  to  my  mains  owing 
to  getting  some  competition  in  the  town  than  I  have 
done  in  si-x  years. 

Mr.  S   B.  Reid  :    As  I  am  connected  with  the  housing 


scheme  at  Morley,  I  am  fully  alive  to  the  fact  that  electric 
lighting,  for  the  houses  of  the  working  classes,  will  not 
generally  be  adopted   until  it  compares  in  initial  cost 
favourably  with  gas  installations.     This  question  should 
be  considered  very  carefully  by  electrical  contractors, 
and  if  rigorous  economy  be  practised  to  reduce  the  first 
cost  there  will  be  no  difficulty  in  displacing  gas,  and  I 
have  no  doubt  that  the  Housing  Commissioner  would 
welcome     this.     The     Commissioner    is     compelled     to 
e.xercise  economy  in  every  possible  direction,  and  many 
schemes    have    been    delayel    owing    to    high    tenders. 
In  the  Morley  Housing  Scheme  the  tender  per  house 
for  a  7-point  gas  installation  is  ;^i2,  exclusive  of  mantles 
and   shades.     To   effect   economy  in   wiring   I   propose 
to  use  bare  overhead  conductors  supported  on  insulators 
close  to  the  eaves,  which  are  about  15  ft.  6  in.  above 
the   ground    line.     The   conductors   will   be   tapped    at 
the   centre   of   each   house   and   the   external   insulated 
cables  on  cleats  will  be  carried  down  the  walls  to  the 
first  floor-level,  where  they  are  led  into  the  house  at  a 
point   just    below   the    ground-floor   ceiling,    thence    to 
the    meter    and    replacement    fuses.     Insulated    cables 
are  carried  into  the  under-drawing  and  radiate  to  the 
various  ceiling  roses  for  lights  on  the  ground  floor,  while 
the  bedroom  lights  are  coupled  to  the  nearest  cables 
in    the    under-drawing    by    means    of   insulated    cables 
which  are  protected  in  tubes  or  casing  where  exposed, 
and  run  up  the  wall  to  the  lamp  bracket.     All  lamp- 
holders  are  to  be  provided  with  a  key  switch.     In  the 
case   of   the   principal    bedrooms   a    combined    dimmer 
and    switch    may    with    advantage    displace    the    key 
switch    lampholder,    the    ordinary    lampholder    being 
substituted.     The  dimmer  should  be  fixed  just  below 
the    bracket.     Returning    to    the    outside    conductors, 
these  may  be  supported  on  insulators  on  the  various 
blocks    of   buildings.     The    conductors    would    be   well 
OLit  of  reach  and  completely  obscured  by  the  trees  on 
the    verges    of   the   streets.     In    the    most    fashionable 
parts  of  Calcutta,  "  the  City  of  Palaces,"  bare  overhead 
conductors  are  carried  from  the  streets  to  the  buildings 
without    impairing    the    architectural    features.     Some 
years  ago  I  installed  a  combined  ceiling  rose  and  switch 
operated    by   means   of   cords.     This    was    a   complete 
failure,  and  as  an  alternative  a  rod  with  a  hook  attach- 
ment was  substituted,   much  to  the  discomfort  of  all 
i   parties    concerned.       Finally    the    whole    building    was 
re-wired    in    the    usual    way.     Regarding    the    saving 
effected     by    eliminating     fireplaces    and    chimneys,    I 
do  not  agree  with  the  author.     In  the  present  housing 
schemes  a  good  supply  of  hot  water  is  ensured  from 
1   fire-back  boilers,  and  considerable  improvements  would 
]   have  to  be  made  before  this  is  accomplished  by  electric 
geysers     suitable     for     artisan     dwellings.     Gas-heated 
geysers    are    also     very     unsatisfactory.     The    author 
refers  to  a  pilot  burner,  but  there  are  some  types  without 
pilot  burners  ;    these  are  undoubtedly  more  economical 
in  gas  consumption,  in  addition  to  facilitating  inspiection 
and  repairs.     Seventy-five  cubic  feet  of  gas  per  geyser 
corresponds    to    the    guarantee    given    by    some    well- 
known   makers,    the   calorific   value   being   630   therms 
per    cubic    foot    of    gas.     Recent    quotations    for    gas- 
heated  geysers  are  in  the  neighbourhood  of  ;^6o,    and 
anything  approaching  this  figure  for  a  geyser  would  not 
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be  entertained  by  the  Housing  Commissioner.  With 
regard  to  electrical  cooking,  I  do  not  think  such 
appliances  would  appeal  to  ttie  average  artisan.  He 
would  prefer  the  ordinary  cooking  range  with  a  coal 
fire.  The  artisan  must  be  gradually  educated  to  the 
uses  to  which  electricity  can  be  put.  Give  him  electric 
light  first  ;  he  will  ask  for  the  other  appliances  as  soon 
as  he  sees  their  utihty.  Electrical  cooking  appliances 
that  I  installed  at  Calcutta  and  in  other  important 
towns  proved  very  successful,  but  it  was  amongst  the 
better  class  of  people  who  readily  appreciated  the 
advantages  arising  from  the  use  of  such  appliances. 
^\"ith  reference  to  fires  caused  by  cleat  wiring,  this  is 
not  possible  when  the  wires  are  properly  installed. 
A  number  of  buildings  were  equipped  at  Calcutta  on 
the  cleat  wiring  system  with  considerable  success  and 
at  a  reduced  cost.  Not  a  single  case  of  fire  was  reported 
in  any  of  these  installations,  whilst  I  do  know  of  cases 
where  fires  have  been  caused  in  the  enclosed  systems 
due  to  careless  workmanship.  In  conclusion,  I  am  in 
agreement  with  the  author  respecting  economic  wiring 
of  houses  for  the  working  classes. 

■  Mr.  L.  Jessop  :  With  regard  to  the  author's  sug- 
gestion to  use  combined  switches  and  ceiling  roses,  or 
the  separate  articles  fixed  on  one  block,  I  think  this 
is  quite  all  right.  I  have  fixed  some  thousands  of  them 
in  factories  and  have  a  great  number  under  maintenance 
at  the  present  time.  I  find  that  these  switches  will 
last  four  or  five  years  without  any  maintenance  being 
required.  The  type  used  is  the  usual  "  Wandsworth  " 
or  "  Tucker  "  fish-tail  with  a  couple  of  chains  attached  ; 
in  addition,  I  fix  an  extra  chain  to  carry  the  weight 
of  the  shade  and  lamp  and  I  do  not  see  any  objection 
to  using  similar  methods  in  an  artisan's  dwelling.  I 
do  not  think  that  this  is  the  time  to  go  in  for  all  the 
luxuries  that  are  attendant  on  electricity  supply.  In 
an  artisan's  dwelling  it  is  necessary  to  provide  an  instal- 
lation of  electric  light  as  cheaply  as  possible.  The 
householder  has  been  accustomed  to  go  to  the  gas  and 
turn  on  a  tap  ;  relieve  him  of  the  necessity  of  providing 
a  match,  but  leave  the  tap,  and  I  think  we  can  make  a 
good  job  there.  With  regard  to  the  author's  suggestion 
of  co-operation  between  the  architect,  builder,  and 
electrician,  so  that  wood  fixing-blocks  would  be  built 
in  by  the  builder,  I  do  not  think  electrical  contractors 
would  find  that  it  would  cheapen  installations,  because 
the  architect  would  make  it  a  condition  in  his  contract 
that  as  the  building  was  in  progress  the  electrical  con- 
tractor would  have  to  keep  his  man  in  attendance 
to  put  in  the  fixing-blocks  and  be  responsible  for  their 
accuracy.  With  regard  to  metering  of  current,  there  is 
one  system  which  has  not  been  dealt  with  bj-  the  author, 
and  that  is  the  fighting  of  artisans'  dwellings  from 
alternating-current  supply,  using  a  condenser  for 
hmiting  the  current.  I  have  had  the  opportunity  of 
inspecting  some  houses  which  have  been  done  on  that 
system,  and  with  a  charge  of  6d.  per  week  the  company 
supplying  electricitj-  make  a  profit.  The  houses  have 
five  or  six  lights,  with  50-c.p.  lamps  in  the  living  rooms 
and  30-c.p.  lamps  in  the  bedrooms,  which  is  similar 
to  what  is  provided  by  the  ordinary  incandescent  gas 
burners.  In  those  houses  a  considerable  saving  in 
the  cost  of  wiring  was  effected,  and  also  a  very  consider- 


able saving  due  to  the  absence  of  meters,  meter  readers, 
and  inspectors.  The  wiring  is  carried  out  almost 
entirely  with  single  cables,  all  lamps  being  in  series. 
Instead  of  being  switched  out  in  the  usual  way  the 
lamps  are  short-circuited.  A  good  quafity  wire  can  be 
used  and  the  cost  of  seven  lights,  including  a  con- 
denser, and  reasonable  shades  and  lamps,  would  not 
exceed  ;^io  10s.  In  the  case  of  a  direct-current  supply 
I  do  not  see  why  a  reasonable  current-limiter  should 
not  be  used  instead  of  a  meter.  In  an  artisan's  house 
the  tenant  does  not  require  the  whole  of  the  house 
lighting  at  one  time  ;  two  lights  will  probably  be  the 
utmost  required.  Therefore  if  a  current-limiter  be  in- 
stalled which  will  limit  the  supply,  say,  to  two  50-c.p.  or 
one  50-c.p.  and  two  25-c.p.  lamps,  that  would,  I  think, 
be  quite  sufficient.  By  adopting  this  method  we  do 
away  with  the  cost  of  meters  and  inspection  and  also, 
in  the  case  of  alternating-current  supply,  the  necessity 
of  fuses  on  the  secondary  side  of  the  condenser.  If  a 
lampholder  is  short-circuited,  nothing  happens. 

Mr.  W.  W.  Firth:  I  should  hke  to  support  the  re- 
marks which  have  been  made  regarding  the  comparative 
cost  of  electricity  and  gas  and  the  question  of  the  Health 
Commissioner  or  Building  Commissioner.  In  Dews- 
bury  at  the  present  time  the  building  of  probably  200 
houses  is  being  considered,  and  we  have  come  on  the 
scene  after  the  prices  have  been  fixed.  The  only 
thing  we  can  compete  against  is  12s.  6d.  per  point  for 
gas.  That  has  not  only  been  cut  down  by  the  Com- 
missioner, but  agreed  to  by  the  plumbers.  I  think  that 
until  the  Institution  deals  far  more  directly  with  the 
Health  Commissioners  in  the  sense  of  trying  to  impress 
upon  them  the  fact  that  there  are  other  points  besides 
first  cost,  it  is  not  much  use  going  into  the  question  of 
cost,  because  the  lowest  figure  given  by  the  author 
comes  out  at  about  25s.  per  fight.  We  have  been  told 
by  the  Borough  Surve}-or's  Department  that  unless 
we  can  bring  our  price  down  to  12s.  6d.  it  is  no  use.  That 
is  the  maximum  cost  which  he  is  allowed,  and  he  has 
to  get  the  cheapest  lighting  he  can. 


Mr.  L.  Milne  (in  reply,  communicated)  :  Several 
speakers  have  drawn  attention  to  the  omission  of  any 
estimate  of  the  cost  of  wiring  on  the  Henley,  Stannos 
and  Kaleeco  systems,  etc.  The  estimates  on  page  464 
were  given  for  comparison  only,  and  I  purposely 
refrained  from  giving  comparative  estimates  of  systems 
in  which  there  may  be  proprietarv  rights,  although  I  am 
fullv  aware  of  the  many  advantages  which  some  of 
these  systems  possess. 

Mr.  Cross  and  some  other  speakers  consider  the 
estimates  given  on  page  465  to  be  optimistically  low. 
All  the  estimates  given  were  formed  on  exactly  the 
same  basis,  •providing  the  same  percentage  for  con- 
tractors' establishment  charges  and  profit.  On  examin- 
ing Mr.  Cross's  figures  I  am  inclined  to  think  he  has 
taken  to-day's  prices  for  the  articles  he  enumerates, 
and  has  deducted  these  from  estimates  which  are  based 
on  prices  ruling  in  the  autumn  of  1919.  The  percentage 
saving  in  cost  of  hard  wires  and  flexibles  of  the  types 
suggested  are  based,  not  on  theoretical  considerations, 
but  on  actual  quotations  from  an  important  member 
of  the  Cable  Makers'  Association. 
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Many  speakers  raise  objections  to  any  form  of  cleat 
wiring  and  point  out  that  the  housewife  may  use  these 
wires  for  attaching  a  clothes  line,  etc.  Should  this  be 
done,  nothing  very  serious  will  happen  beyond  incon- 
venience to  the  housewife  from  a  probable  interruption 
ot  the  supply.  It  is  much  easier  to  tie  a  clothes  line 
between  two  flexible  pendants,  within  convenient 
hand  reach,  than  to  climb  up  to  the  ceiling  to  tie  a 
line  on  to  the  cleated  wires,  and  yet  I  do  not  find  the 
suggestion  made  that  flexible  pendants  should  be 
abolished  because  clothes  lines  may  be  tied  to  them. 

Mr.  Beauchamp  says  we  must  have  propaganda. 
Mr.  Cash  says  we  must  have  reduction  in  costs.  Surely 
we  must  have  both.  We  cannot  have  too  much  propa- 
ganda ;  but  propaganda  will  be  enormously  assisted 
if  instead  of  approaching  a  local  authority  with  a 
proposition  to  provide  all  the  admitted  advantages  of 
an  electrically  equipped  home  at  an  additional  cost  of. 
say,  ^30  a  house,  we  can  offer  all  these  advantages  and 
in  addition  a  saving  in  the  total  cost  of  building.  I  am 
convinced  that  we  can  do  this. 

Mr.  Cash  suggests  cleat  wiring  under  floors.  A  large 
amount  of  this  class  of  work  has  been  done  in  permanent 
buildings  by  the  War  Department  at  Aldershot.  So 
long  as  the  wires  run  parallel  with  the  joists  it  is  cheap, 
but  it  ceases  to  be  cheap  when  holes  have  to  be  bored 
in  the  centre  of  the  joists  in  situ  for  transverse  runs. 

I  agree  with  Mr.  Cross  that  the  figure  given  for  con- 
sumption of  current  for  electric  cooking  is  probably 
high,  but  as  our  experience  of  electric  cooking  in  artisan 
dwellings  is  at  present  limited,  I  intentionally  gave  a 
conservative  figure. 

1  am  surprised  that  no  member  has  been  able  to 
suggest  any  case  of  the  coincidence  of  an  outbreak  of 
lire  and  the  development  of  a  fault  on  a  distribution 
system.  This  confirms  my  argument  that  slight 
insulation  only  on  the  neutral  wire  is  sufficient. 

Mr.  Ponsford  raises  the  question  :  What  will  happen 
in  the  event  of  a  change  of  polarity  ?  By  reason  of 
the  large  number  of  undiscovered  faults  now  existing  on 
the  neutral  side,  this  is  a  real  danger  at  the  present 
time,  and  will  be  diminished  rather  than  increased 
when  station  engineers  know  they  cannot  rely  on  the 
insulation  of  the  neutral  side  and  take  proper  precau- 
tions to  guard  against  an  accidental  change-over.  The 
nearest  approach  I  can  find  to  such  coincidence  as 
I  have  been  seeking  occurred  in  the  manner  Mr.  Pons- 
ford suggests.  Accidentally  the  neutral  in  a  section  of 
a  three- wire  distribution  was  connected  to  an  outer 
and  at  the  same  time  a  fire  developed  in  a  buUding 
on  tMs  section. 

The  case  cited  by  Mr.  Cross  where  under  nornial  con- 
ditions a  pressure  of  50  volts  existed  between  the  neutral 
wire  and  earth  is,  I  imagine,  of  the  rarest  occurrence 
and  should,  I  think,  be  met  rather  by  the  improvement 
of  the  system  of  supply  than  by  the  condemnation  of  the 
suggested  sj'stem  of  wiring.  A  difference  of  pressure 
between  the  neutral  and  earth  lower  than  what  is  suffi- 
cient to  maintain  an  arc  involves,  I  believe,  no  fire  risk. 


Mr.  Berry's  suggestion  of  a  communal  supply  of  hot 
water  is  of  much  interest  and,  from  an  economic  point 
ot  view,  is,  I  think,  sound.  It  is,  however,  open  to  the 
same  objection  as  is  raised  to  the  metering  of  houses 
collectively,  viz.  the  individualistic  prejudices  of  the 
people. 

With  regard  to  bare  overhead  services,  the  best 
position  for  these  depends  on  the  design  of  the  houses  ; 
in  some  cases  it  will  be  on  the  chimneys,  in  others  under 
the  eaves,  and  again  in  others  tlirough  the  houses 
themselves.  The  point  I  would  emphasize  is,  that  the 
electrical  engineer  should  be  consulted  at  an  early  stage 
and  not  left  to  find  the  best  way  after  the  houses  are 
designed  and  built.  As  to  maintenance,  my  experience 
is  that  the  cost  of  repairs  on  overhead  services  is  lower 
than  on  underground  services  ;  although  repairs  are 
required  rather  more  frequently,  the  cost  of  each  repair 
is  markedly  less. 

Mr.  Baker  states  that  he  has  not  found  any  contractor 
who  would  reduce  his  contract  price  by  substituting 
chain-pull  switches  for  switches  at  hand-level.  He 
himself  gives  the  reason  in  a  preceding  sentence,  namely, 
the  difficulty  existing  until  recently  in  obtaining  these 
switches.  Dispensing  with  switch-drops  eftects  a  larger 
saving  than  any  one  of  the  other  economies  I  have 
suggested,  and  when  there  is  a  demand  in  large  quantities 
for  these  combined  chain-pull  switches  and  ceiling 
roses,  it  will  doubtless  be  met.  In  the  meantime,  an 
effective  substitute  is  available  by  the  use  of  a  separate 
ceiling  rose  and  tumbler  switch  with  chain  or  rod 
attachment. 

It  is  not  contended  that  the  suggestions  made  will 
give  an  electrical  installation  of  the  same  quality  as 
when  carried  out  in  solid  drawn  steel  tube  with  an 
ample  provision  of  draw-in  and  inspection  boxes.  The 
practical  question  before  us  is  not  what  is  absolutely  the 
best  method  of  wiring  a  small  house,  but  whether  we 
shall  install  a  cheap  yet  efficient  electric  installation  or 
allow  these  houses  to  be  lighted  by  gas  or  paraffiii 
lamps. 

With  this  alternative  before  us,  I  should  unhesitat- 
ingly give  the  preference  to  a  cheap  but  efficient  electrical 
installation  on  the  grounds  of  convenience,  health,  and 
immunity  from  fire  risk.  An  electrical  installation  is, 
in  the  nature  of  things,  so  free  from  fire  risk  that 
electrical  engineers  have,  I  feel,  made  somewhat  a 
fetish  of  this  point.  If  we  were  asked  to  install  such 
a  dangerous  piece  of  apparatus  as  a  paraffin  lamp  we 
should  hold  up  our  hands  in  horror  and  insist  that 
such  a  dangerous  thing  should  be  securely  screwed  to 
the  floor  so  that  it  should  not  be  knocked  over,  and 
even  then  we  should  probably  ask  that  the  apparatus 
should  be  fitted  with  a  fire  extinguisher  in  case  the  bowl 
of  the  lamp  should  burst. 

.\lthough  I  would  in  no  way  minimize  the  importance 
of  fire  risk,  I  would  strongly  urge  that  the  practical 
alternatives  open,  with  prices  as  they  stand  to-day,  are 
a  cheap  electrical  installation,  or  lighting  by  gas  or 
paraffin  lamps,  involving  a  f.\r  greater  fire  risk. 
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(Paper  first  received  2y  January,  and  in  final  form  8  May,    1920.' 


SUMM.\RY. 

(i)   The    distinction    between  "  in    phase  "   and   "  quadra- 
ture "  relays. 

(2)  The    reasons    for    adopting    the    non-inductive    shunt 

value  in  this  paper. 

(3)  The  vector  diagrams  of  a   track   circuit   without   im- 

pedance bonds,  and  the  phase  displacement  obtained 
with  two  types  of  relays. 

(4)  The    vector    diagrams    of    a    track    circuit    with    non- 

resonated  impedance  bonds,  and  the  phase  displace- 
ment obtained  with  two  types  of  relays. 

(5)  The  vector  diagrams  of  a  track  circuit  with  resonated 

impedance     bonds,    and     the     phase     displacement 
obtained  with  two  types  of  relays. 

(6)  The  effect  of   introducing    the   relay  transformer  into 

the    track    circuit,    and    the    diagrams    referring    to 
this. 

(7)  A  method  of  varying  the  relay  track  winding  power 

factor,   and  the  effect  on  the  vector  diagram. 

(8)  A  method  of  feeding  the  track  circuit  using  capacity 

and    inductance    in   series    and    varying    the   power 
factor  of  the  current  supplied  to  the  track, 
(g)   The  phase  displacement  at  various  points  in  a  track 
circuit  as  shown  by  the  phase-meter. 

(10)  The    protection    of    relay  transformers  against  direct- 

current  soaking. 

(11)  The    impedance   bond,   non-resonated    and    resonated, 

its  characteristics  and  the  effects  of  direct-current 
unbalancing  with  various  air-gaps. 
{12)   Effect  of   direct  current  superimposed  on  alternating- 
current  relays. 

The  raethods  of  applying  alternating  current  to 
track  circuits  have  already  been  described  in  the  tech- 
nical Press  of  this  and  other  countries,  and  it  is  not 
the  author's  intention  to  deal  with  the  application  but 
rather  with  the  factors  that  must  be  taken  into  account 
when  deciding  on  the  apparatus  to  be  used.  The 
apparatus  forming  a  track  circuit  of  the  simplest  kind 
may  be  considered  as  comprising  a  transformer  or 
other  method  of  supply,  a  regulating  device  for  adjusting 
the  supply  and  a  relay.  The  alternating-current 
relay  has  been  developed  considerably  during  the 
last  few  years,  and  it  is  now  usual  to  use  a  track  relay 
in -which  a  large  proportion  of  the  power  required  to 
operate  the  relay  is  supplied  locally  and  only  a  small 
portion  is  supplied  from  the  track  circuit.  These 
relays  are  commonly  known  as  "  two-element  "  relays, 
as  distinct  from  "  single  element  "  relays  in  which 
the  whole  of  the  power  required  to  operate  the  relay 
is   taken   from    the  track   circuit.     The   single-element 

*  The  Papers  Committee  invite  written  communications  (with  a  view  to 
publication  ia  the  Journal  if  approved  hy  the  Committee)  on  papers  published 
in  the  Journal  without  being  read  at  a  meeting.  Communications  should  reach 
the  Secretary  of  the  Institution  not  later  than  one  month  after  publication  of 
the  paper  to  which  they  relate. 


alternating-current  track  relay  has  suffered  from 
the  disadvantage  of  its  heavy  current  consumption, 
and  although  it  is  still  of  great  value  for  short  track 
circuits,  this  has  not  been  held  sufficient  to  justify 
more  than  a  reference  to  it  at  the  present  time.  The 
two-element  relay  has  been  almost  universally  used 
for  medium  and  long  track  circuits,  and  it  has  therefore 
been  adopted  in  each  of  the  hypothetical  track  circuits 
shown  in  Figs.  3  to  20. 

To  include  the  whole  of  the  two-element  relay  class 
it  has  been  necessary  to  distinguish  between  those 
relays  which  are  designed  to  operate  with  the  currents 
in  the  two  elements  in  phase  or  i8o°  out  of  phase  with 
one  another,  and  those  relays  which  are  designed  to 
operate  with  the  currents  in  the  two  elements  in 
"  quadrature."  These  relays  are  hereafter  referred  to 
as  "  in  phase  "  and  "  qiiadrature  "  relays  respectively. 

It  is  only  by  carefully  choosing  the  relay,  inipedance 
bonds  and  method  of  feeding  the  track  circuit,  with  a 
view  to  the  operation  of  all  three  parts  as  a  combination, 
that  the  best  results  will  be  obtained.  If  we  consider 
a  few  cases,  each  with  a  different  combination  of  relay 
and  impedance  bonds,  this  will  be  clear.  For  the 
purpose  of  illustrating  the  good  and  bad  combinations 
of  relays  and  impedance  bonds,  the  vector  diagrams 
in  Figs.  3  to  20  have  been  drawn  with  the  "  in  phase  " 
and  "  quadrature  "  operating  values  of  the  relays  used, 
and  the  corrected  values  for  the  relays  operating  at 
the  phase  angles  shown  on  the  various  diagrams  have 
been  omitted  to  avoid  complication.  Those  who  wish 
to  obtain  the  corrected  relay-operating  values  at  any 
phase  displacement  can  do  so  by  the  graphical  method 
shown  in  Fig.  i.  Method  (a)  is  applicable  to  "  in  phase  " 
relays  and  method  (b)  to  "  quadrature  "  relays.  Two 
types  of  impedance  bonds  are  also  referred  to  :  the 
ordinary  form  of  bond  consisting  of  an  iron  core  and  a 
two  coil  winding,  and  the  resonated  impedance  bond 
in  which  a«  additional  winding  and  condenser  are 
added  to  increase  the  impedance  of  the  bond.  The 
"  distributed  leak  "  method  has  been  adopted  for 
purposes  of  showing  vectorially  the  electrical  state  of 
each  track  circuit,  as  this  method,  although  not  as 
accurate  as  that  using  hyperbolic  functions,  is  the 
one  more  generally  used  and  understood. 

The  vector  diagrams  of  the  tracks  shunted  at  the 
transformer  end  of  the  track  have  been  drawn  to  show 
a  unity  power  factor  shunt.  Various  statements  have 
been  made  as  the  result  of  experiments  and  calculations 
regarding  the  power  factor  of  the  train  shunt,  and  some 
explanation  is  due  for  adopting  the  non-inductive 
shunt  for  these  diagrams.  If  the  shunt  circuit  formed 
by  a  pair  of  wheels  joined  by  an  axle  and  standing  on 
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the  track  is  considered,  it  may  be  regarded  as  consisting 
of  three  parts  : 

(a)  The  contact  resistance  from  the  rail  to  one  wheel. 
(6)  The   inductive   circuit   formed   by   the   axle   and 

two  wheels. 
[c)  The   contact   resistance    from    the    second    wheel 

to  the  second  rail. 


fa)  "iN'PHASt 

RELAYS 

ADDITIONAL  CURRLliT      /~^ 
TO  OPERATE  AT             y/ 
PHA5E  ANGLE  8      // 

'ln'Phase'value  of  X/^ 
tragic  current  // 

\ 

\ 

^\ 

LOCAL    CUHKENT 


(6)"QM0HATu/ii:  /i£LArs 


//ADDITIONAL  CUfRtNT 
■      TO  OPERATE  AT 
PfiAS£  ANGLE  6 


LOCAL      CUHRLNT 


Fig.   I. — Method  of  correcting   relay   operating   figures   for 
phase  displacement. 
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Fig.  2. — Diagram  to  show  voltage  drop  across  shunt  formed 
by  wheels  and  a.xle. 

(a)  and  (c)  are  non-inductive  ;  (6)  is  inducti\-e  and, 
owing  to  the  half  loop  formed  by  the  wheels  and  axle 
and  the  skin  effect  of  both  these,  it  may  have  a  com- 
paratively low  power  factor.  Tests  made,  however, 
have  shown  that  the  contact  resistance  between  rail 
and  wheel  is  many  times  the  impedance  between  wheel 
and  wheel  and  we  therefore  have  a  series  circuit  with 


two  high  resistances  in  series  with  a  small  inductance, 
the  net  result  of  which  is  to  give  a  circuit  that  for  all 
practical  purposes  may  be  taken  as  non-inductive. 
This  is  still  more  the  case  when  the  rail  and  wheel 
contact  resistance  increases  to  a  value  which  would 
be  commensurate  with  the  shunting-out  value  of  the 
relay,  as  the  contact  resistance,  which  is  non-inducti\-e, 
will  then  be  so  many  times  greater  than  the  small 
impedance  between  wheels  that  the  latter  may  be 
neglected  and  the  shunt-circuit  power  factor  taken  as 
unity. 

Let  us  take  a  concrete  case  at  60  cycles,  which  may 
be  considered  to  be  the  highest  frequency  in  general 
use  for  signal  track-circuits.  The  following  figures 
are  quoted  from  the  results  of  tests  published  by  Mr. 
H.  McCready  in  the  United  States  : — 


Supply 


Total  Weight      .\mperes, 
in  lb.  on  Axle 

Track        I      Current 


Volts 
across 
Rails 


Impedance 


A.C.  60  cvcles       18,700         II2-T         0-I2      I    o-ooii 
D.C. . .  ..    '    18.700  5=;  0-022    i    0-0004 


Power  factor  = 


o • 0004 

O-OOII 


o  •  364 . 


If  now  the  contact  resistance  between  wheels  and 
rails  rises  to  a  point  where  it  might  concern  the  shunting 
out  of  the  relay,  say  0-2  ohm,  and  if  the  shunt  current 
is  in  the  neighbourhood  of  3  amperes,  the  vector  dia- 
grajri  would  be  as  follows  : — 

Drop  from  rail  A  to  lirst  wheel  B  =  3Xo-i=o-3  volt. 

P.F.  =  i-o. 
Drop  from  wheel  B  to  wheel  C  via  axle  =  3  x  o-ooii 

=  0-0033   volt.   P.F.  =  0-364. 
Drop   from  wheel  C    to    rail  D  =  3Xo-i=o-3  volt. 

P.F.  =i-o. 

It  will  be  seen  from  Fig.  2  that  the  vectorial  sum  of 
these  three  quantities  is  so  close  to  the  straight  line 
that  the  resultant  line  may  be  considered  to  be  of 
unity  power  factor  for  all  practical  purposes. 

Taking  first  the  simplest  form  of  alternating-current 
track  circuit  in  which  one  rail  is  given  up  wholly  for 
signallmg  purposes.  The  electrical  state  of  such  a 
track  circuit  with  an  "in  phase  "  relay  is  that  shown 
in  Fig.  3  when  the  track  is  clear,  and  as  shown  in  Fig.  4 
when  the  track  is  shunted  by  the  maximum  train  shunt 
at  the  transformer  end.  It  will  be  noted  in  Fig.  3 
that  the  relay  is  operating  with  the  track  current  32° 
displaced  in  phase  from  the  local  current,  and  we  must 
therefore  divide  the  "  in  phase  "  operating  values  by 
the  cosine  of  32°  to  get  the  correct  operating  values 
with  this  phase  displacement. 

When  the  track  is  shunted  by  the  application  of  a 
non-inductive  train  shunt  (resistance  i  -  4  ohms)  at 
the  transformer  end,  the  phase  displacement  between 
track  and  local  currents  is  reduced  to  23°,  and  the 
release  values  for  the  relay  will  accordingly  be  the 
"  in  phase  "release  values  divided  by  the  cosine  of  23". 
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These  diagrams  have  been  constructed  to  show  a 
thermal  resistance  between  the  track  transformer 
secondary  and  the  rails,  this  resistance  being  so  adjusted 
that  the  total  current  output  from  the  transformer  to 
the  track  may  be  said  to  remain  constant  whether  the 
track  is  occupied  or  not. 

Fig.  21  shows  the  values  of  such  a  resistance  and  it 
will  be  noted  that  with  a  pressure-rise  across  the  resist- 


Altemative  methods  which  have  been  used  to  prevent 

this  increase  of  current  when  the  track  is  shunted 
include  the  use  of  a  constant-current  transformer  and 
inductances  in  which  the  iron  is  worked  well  below  the 
"  knee  "  of  the  saturation  curve  when  the  track  is 
clear.  Both  these  methods,  however,  are  less  efficient 
from  the  point  of  current  consumption  than  the  oi.e 
shown.     A  further  method  of  feeding  the  track  circuit 
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Fig.  3. — Single  rail  track  without  impedance  bonds,  with 
a  resistance  in  feed,  and  galvanometer  relay.  Supply, 
S^i  cycles.  Track  circuit,  1,000  ft.  long.  (Track 
clear.) 

Galvo.  Relay.  Local  50  v.  o'36  amp.  0*77  P.F. 

Track  i  4  v.  o"675  amp.  o'72  P-F. 
Rail  Impedance,  Z,  o"i7ii  ohm  per  1,000  tt  at  o'399  P.F. 
Track  Conductance,  G      Ballast  Kcs.  10  ohms  per  l.ooo  ft. 

.'  .  G  =  o  1   per   1,000  fl. 
Relay  to  be  15  ft.  from  track.     30  ft  of  7  22. 
i'93 
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/=0-7^  AMPS 
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DLPOP  //v  TJPACI^  l£AOS  =  0-043v 
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Fig.  4. — Train  shunt  at  transformer  end   of  track. 

Relay  release  fibres    o'5  v.  0*325  amp.  o"77  P.F. 
Rail   Impedance  and  Track  Conductance  as  in  Fig    3. 
Drop  in  relay  leads    0058  X  0325  =  0"oi8  v. 
Shunt  amps.,  o'4  amp. 

.".   Resistance  of  shunt  ^^  ^—  =  l"4  ohms. 


Res.  of  relay  leads 


=  o"os8  ohm. 


Drop  in  relay  leads  =  o  058  X  u  67s  =  o  038  v 

\  i)!ts  on  track,  relay  end,  ^  .^  i"4  4-  o'038  =  i'42  v. 

Amperes  on  track,  relay  end.i^—  o  675  amp 

Total    amps..  1  —  0"67S  4-  o'i42  =  0'74  amp. 

Track  leads   15  ft    long.      (30  ft    of  7/22  )     Res.  o  C58  ohm. 

D'op  in  track  leads,  o'osS  x  0*74  =  0'0429  v. 

Toral  volts,  E  =  r4  4-  0038  4-  o*ii5  =  152  v. 


ance  from  476  volts  in  Fig.  3  to  the  5'4t>  volts  shown 
in  Fig.  4,  the  current  increase  would  be  practically  nil, 
as  we  should  be  working  on  the  flat  portion  of  the 
curve. 

If  we  substitute  for  this  thermal  resistance  a  resistance 
of  the  ordinary  type  to  obtain  an  equal  shunt,  we  must 
so  arrange  the  track  circuit  that  with  the  track  clear 
a  very  high  percentage  of  the  transformer  voltage  is 
lost  on  the  resistance  in  order  that  the  current  increase 
when   the   track   is   shunted   may   not   be   appreciable. 


with  a  capacity  and  an  inductance  in  series  has  been 
tried  and  the  results  obtained  by  using  this  method 
are    given    later    in    this    paper. 

Returning  to  Figs.  3  and  4  in  which  we  have  single- 
rail  track  circuits  with  "  in  phase  "  relays  it  will  be 
noted  that  the  relay  track  current  ^vector  is  compara- 
tively large,  and  it  is  obvious  that  if  we  can  increase 
the  relay  impedance  and  also  reduce  the  volt-amperes 
required  for  it  from  the  track,  we  shall  greatly  improve 
the  shunt  value.     Such  a  case  is  shown  in  Figs.  5  and 
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6,  which  represent  a  quadrature  relay  operating  on  the 
same  track  circuit  as  in  Figs.  3  and  4  but  at  a  higher 
frequency.     The  same  type  of  resistance  is  shown  in 


end,  although  the  relay  release  figures  are  not  a  much 
higher  percentage  of  the  operating  figures  than  was 
the  case  in  Figs.  3  and  4.     In  Figs.  5  and  6  we  must 


VOLTS    a/v     TfpACK     L^AOS 
TH£f?MA  L.     /r'£GUi.  A  TO/?S  =  S- ■fS  V. 


Scale  -.-so mm.  =  1  amp. 

25  mm.  =  I  VOLT 


VOLTAGE     =    6  V. 


VOLTS    Ofi    T^ACK  LeADS  & 
TH£/?MAL     ^£GCfLATO^S=S-06' 


0/?0P   //V    f?£LAY 
LfAOS   =  0-0I8  V. 


/?£L  A  Y     VOL  rS-0-3  V. 

£-0-33SV. 


T/?AAfS£Of?'^E/S    SSCO^OA^Y 
VOL  TAG£    =    G    V. 


Zt  =  0-03  V. 


e  -  0308  V. 


I-  0-23Af1fS. 

Ge  -  0-090S 


D/?OP  //V  /?£LAy _ 
'  LEADS  =  O-OOSZ 

*^LOCAL  CU<?^£»T         ^^'^^  ""^'^  "•■'^  " 


Zi=0-027 

e  =  o-^s/ 

SHUAir  AMPS'O-I/ 

I=iO-Z3AnPS. 

Ge  =  0-045l 


'^—(6  V.S£<:)0-ZSP.£ 


Fig.  5. — Single  rail  Track,  without  impedance  bonds,  with 
a  resistance  in  feed,  and  two-element  vane  relay. 
Supply,  50  cycles.  Track  circuit,  1,000  ft.  long. 
(Track  clear.) 

Relay.  Two-element  Vane.     Local  loo  v.  0-44  amp.  o"25  P.F. 
Track  o'o  v.  o'lS  amp.  o"8    P.F. 
Rail  Impedance,  Z,  o"3  per  1,000  ft.  at  o'5  P.F. 
Track  Conductance.     Ballast  Res.  10  ohms  per  1,000  ft. 

.  ■ .   G  =  o'l. 
Relay  to  be  15  ft.  from  track.     30  ft.  of  7  22. 

Res.  of  leads  — —    x  30  =  o'osS  ohm. 

1,000       ^  ■' 

Drop  in  relay  leads  =  o'O.'iS  x  0^8  =_o^i  v. 
Volts  on  track,  relay  end,  e  =  o"9  -f-  o-oi  =  o'goS  v. 
Amperes  on  track,  relay  end,  i  =  o*i8  amp. 
Total  amps.,  I  =  o-i8  -f  o'ogoS  =  0^23  amp. 
Total  volts,    E  =  0'9  -f  o"ol  +  0'03  =--  0"95  v. 
Track  leads  15  ft.  loner.      30  ft.  of  7  22, 
Res.  of  leads,  0*058  ohm. 
Drop  in  tractc  leads  =  0*058  X  0*23  =  o"oi5  v. 


Fig.  6. — Train  shunt  at  transformer  end  of  track. 

Relay  release  figures,  o'45  v.  0*09  amp.  o*8  P.F. 
Rail  Impedance  and  Track  Conductance  as  above. 
Drop  in  relay  leads,  o'o58  =  o'og  =  0*00522  v. 
Shunt  amps.  =  0*11  amp. 

.*.    Resistance  of  shunt  =  =  445  ohms. 

0*11 


the  feed  circuit,  but  the  angle  between  the  track  and 
local  currents  is  only  53°  instead  of  the  90°  required 
to  give  the  best  operating  figures  on  the  relay.  The 
shunt    in    this  case   is   4-45   ohms   at    the   transformer 


divide  the  relay-operating  figures  by  the  sine  of  the 
angle  between  the  local  and  track  currents  to  give  the 
correct  operating  figures  at  the  phase  displacements 
shown.     It  should  be  noted  that  in  the  case  of  Figs. 
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3  and  4  the  shunt  tends  to  improve  the  operation  of 
the  relay  by  bringing  the  local  and  track  currents  9° 
nearer  the  "  in  phase  "  condition,  but  in  Figs.  5  and  6 
the  shunt  makes  the  operating  conditions  of  the  relay 
worse,  as  the  phase  angle  between  the  track  and  local 


required  for  the  propulsion  return  current  the  addition 
of  the  impedance  bonds  necessary  to  carn^'  this  current 
alters  the  vector  diagram  as  shown  in  Figs.  7  and  8. 
In  the  case  of  Fig.  7,  a  track  circuit  in  which  impedance 
bonds  of  low  power  factor  are  connected  across  each 


Scale:-  ZOmm.  =  1  An  p. 
fO  mm.  =  I  VOLT 


T^ANSF-ORf 


tdY    SDA^D    A/-ff>S.=  /-3- 


X'SlAY-  AAfPS.=  2'/ 


\'Ox.rS    Of\f    T^ACK  t.£AOS       & 


^SAos  =  a-/Z2  V. 

Fig.  7. — Double  rail  track  with  impedance  bonds,  resist- 
ance in  feed,  and  galvanometer  relay.  Supply',  33} 
cycles.     Track  circuit,   1,000  ft.  long.      (Track  clear.) 

GaJvo.  Relay.     Local  50  v.  o'^iz  amp  062  P  F. 

Track  o  8  v   21  amp.  o'6S  P.F. 
Impedance  Bond.     Air-gap  o"ot  iu.     Imp.  05  at  o'i28  P  F. 
Rail  Impedance,  Z,  =  01711  ohm  per  1,000  ft.  at  o'399  P.F. 
Tr:i~k  Conductance,  G.     Ballast  Re?.  10  ohms  per  1,000  ft.     Then  G  =  o'l. 
Relay  to  be  15  ft.  from  track.     30  it  of  7  22, 


fi£i.AY  VOLTS   0-3SV.  .' 

Fig.   8. — ^Train  shunt  at  transformer  end  of  track. 

Relay  Release  figures,  o"36  v.    i"05  amp.  o'73  P-F. 
Rail  Impedance  and  Track  Conductance  as  above. 
Drop  in  relay  leads  0058  x   i"05  =  0'o6i  v. 
Volts  on  track,  relay  end,  e  =  0*36  -f  o'o6i  ^  0-42  v. 

0'42 

Amps.,  Bond,  relay  end,  ^^  =  o'84. 


05 


Res.  of  leads 


i'93 


X  30  =  0*058  ohm. 


Drop  in  relay  leads  =  o'osB  x_2;i  =  o'i22  v. 
Volts  on  track,  relay  end,  e  =  o"8  +  o"i22  =  0*9  v. 

O'O 

Amps.,  Bond,  relay  end,  =  -73=  1*8. 

Amps..  lelay  end,  i  ~  21  +  i'8  =  3'6.       

Total  Volis,  E  =  o"8  +  o'i22  +  o*6i6  =  i'52  v. 
Total  Amps.,  I  =  2  i  +  i"8  +  0*09  +  3-04  =  6'58. 


Amps.,  relay  end,  i,  i'05  +  0*84  ■■ 
Total  \'olts,  E.  0*36  -f  0061 
Amps., 


-■  i'7- 
297  = 


■■  0-68  V. 

,  Bond,  transf.  end,  —  i'36. 

'0-5  ^ 

Total  Amps.,  I  =  6-58. 
Shunt  Amps.  =  5'o6. 

.  ■ .   Resistance  of  shunt =  o'i34  ohm. 

5  06 


Amps.,  Bond,  ti-ansf.  end, 


05 


=  3*04. 


Track  leads  15  ft.  long  {30  ft.  of  7  22).     Res.  o'osS  ohm. 
Drop' in  track  leads,  0058  x  6*58   =  o'3S  v. 


currents  is  now  reduced  by  8°  on  a  relay  on  which  the 
best  operating  condition  is  90°  out  of  phase. 

The  conditions  shown  in  Figs.  3,  4,  5,  and  6,  are 
excellent  so  long  as  one  of  the  track  rails  can  be  spared 
for  signalling  purposes  only,   bvit  when  both  rails  are 


end  of  the  track  circuit  is  sho\vn,  the  relay  is  of  the 
"  in  phase  "  type  and  it  will  be  seen  that  the  compara- 
tively low  impedance  and  low  power  factor  of  the  two 
bonds  reduce  the  shunt  at  the  transformer  end  ol  the 
track  to  o  •  134  ohm,  as  shown  in  Fig.  8.    The  phase  angle 
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between  the  track  and  local  currents  is  also  large  when 
the  track  is  clear,  and  small  when  the  track  is  shunted, 
being  72°  in  the  first  case  and  28^  in  the  second.  This 
may  be  described  as  a  distinctly  bad  case,  as  the  relay 
condition  (i.e.  the  phase  angle  between  the  local  and 
track  currents)  is  improved  when  the  track  is  shunted, 


ig°  out  of  quadrature   with  the  track  clear,   and    17° 
out  of  quadrature  with  the  track  shunted. 

An  interesting  point  in  these  two  diagrams  is  that 
with  a  certain  shunt  resistance,  which  is  slightly  higher 
than  that  necessary  to  drop  the  relay,  the  track  and 
local   currents   will  be   exactly   in    quadrature   and   the 


f  SSCOf^'CAfSy     VCL7ACS 


Scale,  -io/v/n  -/A/if 
lOrr.m    =  I  VOLT 


vol  rS    ON   7IPACK  l£AOS      s 
TUfffMAL      /?SGULATOffS  =  S-SvJ 


O^POA>  /V    /PeLAY    LeADS  =  0-0/V. 

Fig.  g. — Double  rail  track  with  impedance  bonds,  resist- 
ance in  feed,  and  two-element  vane  relay,  jo  cycles. 
Track  circuit,  1,000  ft.  long.      (Track  clear.) 

Two  element  Vane  Relay,  Local  lOO  v.  o  44  amp.  o'25  P.F. 

Track  o  9  v.  o"i8  amp.  o  S  P.F. 
Impedance  Bonds,  .\ir-eap  001  in  .  Imp.  o'5  at  0128  P.F. 
Kail  impedance,  L,  03  onm  per  1,000  ft.  at  05  P.F. 
Track  Conductance.     Ballast  Res.  10  ohms  per  1,000  ft.     Tlien  G  ^  o'l. 
Relay  to  be  15  It.  from  track.     30  ft.  of  7  22. 

Reserve  01  leads  x  30  =  o"o58  ohm. 

1,000 

Drop  in  relay  leads  =  0058  x  (yi8  =  001  \. 

Volts  on  track  relay  end,  <!  =  o  9  x  o*oi  =  o'^oz  v. 

o  902 
.■\mps.- Uond,  relay  end,  =      .-    =  i"So4 

Amps.,  relay  end,  i  =  o'i8  -K  1*804  =  ^'92. 
Total  Volts,  E  =  0-9  -t-  o'oi  4-  o  576  =  1  4J  v. 
_':44 


orro/^  /A'  /PSLAY  J 
L£ADS  =  O-OOSZ  V, 


^ /PfLAV  VOtTS 
=  0-45  V. 


Fig.   10. — Train  shunt  at  ti'ansformer  end  of  track. 

Relay  release  titrures,  o'45  v.  o"og  amp.  0'8  P.F. 
Drop  in  relay  leads,  o"058  x  o"09  =  0*0052  v. 
Volts  on  track,  relay  end,  e  =  o'45  x  0*0052  =  0*455  v, 
04^5  . 


Amps.,  Bond,  relay  end, 


0*5 


=  0*91. 


Amps.,  relay  end,  i  —  0*09  X  0*91  =  0*97. 
Total  Volts,  E  =  0*45  X  0*0052  x  0*297  = 


.A.mps.,  Bond,  transf.  end, 


=  1*48  V. 


Total  Amps. 
Shunt  .\raps. 


I  =  4*82 
=  3'64. 


Resistance  of  shunt 


0*74 
3*64  ' 


.\mps.,  Uond.  transf. end,  = 


o*5 


=  2*88. 


Total  -Amps.  =  0*18  4-  i  804  -r  00902  -}-  2*86  — 

Track  leads.  30  ft  of  7  22 

Drop  in  track  leads  =  0*058  X  4*82  =  0*27  v. 


thus   necessitating    a   lower    shunt    resistance    to    drop 
the  relay. 

The  quadrature  relay  is  obviously  more  suitable  for 
use  with  this  type  of  impedance  bond,  and  Figs.  9 
and  10  show  the  track-circuit  conditions  with  such  a 
relay.       In  the  case  of    Fig.   9  the  relay  is   operating 


relay  will  be  operating  under  its  best  conditions.  The 
reduction  in  the  total  current  to  the  track  when  using 
the  two-element  vane  relay  is  particularly  noticeable. 
The  track  current,  however,  is  still  large,  ar.d  trans- 
formers and  track  leads  and  resistance  would  be  large 
in  proportion.     The  large  currents  passed  by  the  two 
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impedance  bonds  account  for  the  high  total  current,       track  current  shown  in  Figs,   ii  and  12  is  due  to  the 
and  if  we  can  increase  the  impedance  of  these  bonds    !   use   of   resonated   impedance   bonds,   details   of   which 


Scale  :-  25  mm.  =  1  a^p. 

25  mm.  =  /  VOLT 


VOL  T^Of  =    6  V. 


SHu/y  T  ^MPi  =  /-SS 
/-  3-S  ^MPS. 


SO/VO  /^/^PS.=  0-S45 
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L,^o^  ,^  ^SL^y  L.f^os  ^-r:-^     \\  /  '  ^'=^'^'^^"Vt\  /  /^^e  v- ^fcj  ^-^S-e/r 

P£LAY  VOLTS  -0-8  v.. 

£=/-2Sv. 

Fig.  II. — Double  rail  track  with  resonated  impedance 
bonds,  resistance  in  feed,  and  galvanometer  relay. 
Supply,  33 J  cycles.  Track  circuit,  1,000  ft.  long. 
(Track  clear.) 

Galvo.  Relay,  Local  50  v.  0322  amp.  o'62  P.F. 
Track  o'8  v.  2'i  amps.  o*6S  P.F. 
Resonated  Impedance  Bonds.     Air-gap  0-025  in.    Imp.  1-28  ohms  at  Unity  P.F. 
Rail  Impedance,  Z.     0-1711  ohm  per  100  ft.  ^t  0-399  P.F. 
Track  Conductance,  G.     Ballast  Res.  10  ohms  per  1,000  ft.     Then  G  =  o-i. 
Relay  to  be  15  ft.  from  track.     30  ft.  of  7,22. 

Resistance  of  leads       -   x  30  =  0-058  ohm. 
1,000 

Drop  in  relay  leads  =  0058  +  2j  =0122  v. 

Volts  on  track,  relay  end,  e  =  08  +  0122  =  0-9  v. 

0-9 
.\mps.,  Bond,  relay  end,  =  ^.-g  =0-7. 

Amps.,  relay  end,  ■  =  2-1  +  07  =  2-68.    

Total  Volts,  E  =  0-8  +  0-122  +  0-458  =  1-28  v. 
Amps.  Bond,  transformer  end,   -       =1  amp. 

Total  Amps.,  1=2-1+0-7  +  0-09  +  I  =  3-5. 
Track  leads  15  ft.  long.     30  ft.  of7j22. 
Drop  in  track  leads  =  0-058  x  3-5  =  0-203  v. 

so   as  to   reduce  these  current   vectors,   we  shall  also  are  given  else-vvhere  in  this  paper.  In  Fig.  11  an  "in 

be  able  to  reduce  the  size  of  our  track  transformer,  phase  "   relay   is   shown   operating  on   a   track  circuit 

resistance  and  leads  to  correspond.     The  reduction  in  with  a  phase  displacement  of   24°  between  the  track 

VOL.  58.  33 


Fig.  12. — Train  shunt  at  transformer  end  of  track. 

Relay  Release  figures,  036  v.  105  amp.  073  P.F. 
Rail  Impedance  and  Track  Conductance  as  above. 
Drop  in  relay  leads,  0058  x  105  =  o'o6i  v. 
Volts  on  track  relay  end,  e  =  0*36+  o*o6i  =  042  v. 
Amps.  Bond,  relay  end,  =    _      =0-38. 

Amps.,  relay  end,  i  =  1-05  +  0'38  =  1-28. 
Total  Volts,  E  =  o'36  -H  o'o6i  -f  ozig  =  0-6  v. 
Amps.  Bond,  transf.  end,  =  — -  =  o"545. 


Total  Amps.,  I  =  3-5. 
Shunt  Amps.  =  188. 


0-6 


• .  Resistance  of  shunt  =  --.^  =  0-319  ohm 
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and  local  currents  with  the  track  clear,  and  releasing 
with  a  shunt  resistance  of  0-319  ohm  and  a  phase  dis- 
placement of  14°  30'  with  the.  track  shunted  at  the 
transformer  end  of  the  track. 


to  this  improvement  we  must  also  count  the  improved 
phase  relationship  of  the  track  and  local  currents  shown 
in  Figs.  II  and  12,  and  particularly  the  small  relative 
change   in   this   phase   relationship   which   now   takes 
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fEEO'5-3  V.  X 


TRANSFORMER    SECONOARY^ 
yOLTASE  =  eV. 


Fig.  13. — -Do-nble  rail  track  with  resonated  impedance 
bonds,  resistance  in  feed,  and  two-element  vane 
relay.  Supply,  50  cycles.  Track  circuit,  1,000  feet 
long.     (Track  clear.) 

Two-element  Vane  Relay,  Local  loo  v.  0-44  amp.  0-25  P.F. 

Track  09  V.  O'lS  amp.  o"8  P.F.  • 

Impedance  Bonds,  o'o6  in.  air-gap.     Imp.  274  at  Unity  P.F. 
Rail  Impedance,  Z  =  0-3  per  1,000  ft.  at  0-5  P.F. 
Track  Conductance,  G.     Ballast  Res.  10  ohms.      .*  ,  G  =  o'l. 
Relay  to  be  15  ft.  from  track.     30  ft.  of  7/22. 

Res.  of  leads  =  \\^^  i°  '-^  °'°58  obm. 

Drop  in  relay  leads  =  0-058  x^i8  =  o'oi  v^^ 

Volts  on  track,  relay  end,  c  =  0-9  +  o'oi  =  0'902  v. 

0'902 


<■    LOCAL  CURRENT 
'^{ev.SEC.)  0-2 5 P.F. 
NON-tNOUCTIVE  FEEO 


RELAY  AMPS.'0-03 


^TRANSrORNER  SECONDARY 
.^    VOLTAGE  =6V. 

Fig.   14. — Train  shunt  at  transformer  end  of   track. 

Relay  Release  figures,  0-45  v.   0-09  amp.   o'S  P.F. 

Drop  in  relay  leads,  0'05S  X  o'09  =  o'oo52  v. 

Volts  on  track,  relay  end,  e  =  0-45  ■\-  0-0052  =  0-455  v. 

Amps.,  Bond,  relay  end,  —^-7  =  0-148. 

Amps.,  relay  end,  i  =  0-09  +  0-148  =  0-225. 
Total  Volts,  E,  0-45  +  0-0052  -f  0-0675  =  o'5  v. 
.  -511 
3'25  " 
Total  Amps.,  I  =  0-91. 
Shunt  Amps.  =  0-515. 

0-515 


Amps.  Bond,  transf.  end  ■■ 


Resistance  of  shunt 


■  0-154. 


0-97  ohm. 


Amps.,  Bond,  relay  end,  = 


2-74 


■  0329. 


Amps., relay  end,  i  =  o-i8_+  (^329  =  0-5. 
Total  Volts,  E  =  0-9  -I-  o-oi  +  0-15  =  1-03  v. 

,    1-03 
Amps.,  Bond,  transformer  end,  -        =  0-372. 

Total  .^mps.,  I  =  0-18  4-  0-329  +  0-0902  4- 
Track  leads  15  ft.  long.     30  ft.  of  7  22. 
Drop  in  track  leads,  0-058  x  0-91  =  0-052  v. 


0-372  =  0-91. 


The  reduction  in  the  total  track  current  obtamed 
by  using  the  resonated  bonds  has  improved  the  shunt 
values  shown  in  Figs.  7  and  S  by  230  per  cent  on  the 
same  track  circuit  and  with  the  same  relay.     In  addition 


place  when  the  track  is  shunted.  In  Figs.  7  and  8 
the  phase  angle  improved  from  72°  to  28°  with  the 
track  shunted,  a  change  of  50°,  whereas  in  Figs.  11  and 
12  the  improvement  is  only  9°  30'. 
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Neither  of  these  cases  represents  the  best  results 
obtainable,  as  in  Figs,  n  and  12  it  is  still  possible  to 
improve    the   relay-operating   conditions   by    adjusting 


used  with  the  resonated  type  of  bond  and  resistance 
in  the  track  feed  as  shown  in  Figs.  13  and  14,  the  relay 
will   be   operating   with  a   phase  displacement   of   36° 
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Fig.  15. — Double  rail  track  circuit  with  resonated  im- 
pedance bonds,  resistance  in  feed,  relay  transformer, 
and  galvanometer  relay.  Supply,  25  cycles.  Track 
circuit,  1 ,000  feet  long.    (Track  clear.) 

Galvanometer  relay,  Local  50  volt,  o"327  amp.  0'784  P.F. 

Track  12  volt,  0*2  amp.  075  P.F. 
Relay  Transformer  (ratio  1*5  19  v.). 


^MPS.  ON  K-£LAr 

VOLTS  ON  f?£LAY-' 

Fig.  16. — ^Train  shunt  at  transformer  end  of  track. 
Relay  release  figures.  Track,  6'g  volts.  0*105  amp.  ©•S3  P.F. 


Track 


=  LUii?  _  g.gj  yoit_     Q.^  +  g^ -)-  ^  =  ^'^l  afflps.  31 06  P.F. 


Resonated  Impedance  Bond,  .■Vir-gap  O"o25  in. 

Rail  Impedance,  Z  =  o"i  ohm  per  1,000  ft.  at  o"43  P.F. 

Track  Conductaace,  G  =  o"i  (Ballast  resistance  =  10  ohms). 

Relay  to  be  15  ft.  from  track.     30  ft.  of  7  22  S.W.G. 

193 

Resistance  of  leads  = x  30  =  0'O58  ohm, 

1,000      ■*  -^ 

Drop  in  relay  leads  =  0-058  X  2*83  =  0-164  volt. 

Volts  on  track,  relay  end,  t  =  0-95  -f-  0*164  —  1-04  volts. 

1-04 


Relay  Transformer.     Track -^    — ^=0*545  volt.     Amps.  =  1-48  P.F.  O"?  v. 

Drop  in  relay  leads  0-05S  x  i"48  =  o-o86. 

Volts  on  track,  relay  end,  e  =  0545  ~-  0-0S6  =  o-6  v. 

0-6 
.Amps.,  Bond,  relay  end,  =  —_ —  =  0-56  amp. 

Amps.,  relay  end,  i  =  1-48  -{-  0-56  =  1-96. 
Total  Volts,  E  =  0-545  +  o"o86  -f-  0*196  =  0*76  v. 
Amps.,  Bond,  Transformer  end,  =  —7-  =  0-69  amp. 
Shunt  .\mps.  =  1-9.     Total  .\mps.,  I  =  4*36  amps. 

,  * .  Resistance  of  shunt  =  — ^  =  0*4  ohm. 
1*9 


Amps.,  Bond,  relay  end. 


1*28 


=  0*8r3  amp. 


Amps.,  relay  end,  i  =  2*83  x  0*8x3  =  3*5  amps. 

Total  Volts,  E  =  0-95  -r  0-164  -f-  0*35  +  0*0052  =  1*36  volts. 

Amps.,Transformerbond,  =   .      =  0*995  amp. 

Track  leads,  30  ft^  22  S.W.G.     Drop  in  leads  0*058  x  4*36  ==  0*25  volt. 

Total  Amps.,  1=3-54-  0-104  -t-  00175  +  0995  =  4*36  amps. 


the  resonated  impedance  bonds  to  have  a  leading  power 
iactor  and  so  compensate  for  the  24°  difference  between 
the  track  and  local  currents.     If  a  quadrature  relay  is 


between  the  track  and  local  currents  with  the  track 
clear,  and  38"  with  the  track  shunted.  This  is  unsatis- 
factory-, and  cannot  be  corrected  with  either  the  induct- 
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ance  or  the  resistance  method  of  feeding  ;  as,  in  one 
case,  the  track  current  lags  37°  from  the  local  current, 
and  in  the  other  case  it  leads  by  36°,  neither  case  giving 
the  desired  quadrature  results. 

The  shunt  value  obtained  with  the  quadrature 
relay  in  Fig.  14  is  higher  than  that  obtained  in  Fig.  11, 
because  the  frequency  of  the  supplj'  enabled  a  higher 

SCALE  :-  iz-s  mm.  =  I  AMP. 
iZ-5  mm.=  /VOLT 


■  Se-  OI36 

i=iOS  AMPS. 


a  relay  transformer  is  inserted,  the  track  voltage  being 
stepped  up  for  transmission  to  the  relay.  One  result 
of  using  the  relay  transformer  is  to  introduce  a  further 
complication  in  the  vector  diagram,  as  the  displacement 
between  the  primary  and  secondary  voltage  vectors 
cannot  be  taken  as  exactly  180°  in  certain  transformers 
of    the    smaller    size    (approximately    5    volt-amperes) 


j=e-s^. 
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ffflAY  T/^AfJS FO/fMe/?   VOlTS=l-OSv.-' 

Fig.  17. — Double  rail  track  with  resonated  impedance 
bonds,  resistance  in  feed,  relay  transformer  and 
two-element  vane  relay.  Supply,  60  cycles.  Track 
circuit,    1,000  feet  long.      (Track  clear.) 

Two-element  Vane  Relay,  Local  loo  v.  0-44  amp.   0-25  P.F. 

Track  15  v.  04  amp.   0-9  P.F. 
Relay  Transformer.     (Ratio  1*5/19  v.) 
15  X  15 


^SLAY 
r^A//S£O^M£/p 
U/Vfs.=2-f2S 


Track, 


19 


i'o8  V. 


1  P.F. 


0*4  X  Ratio  of  turns  x  —   =  5'64  amps,  o'i 

Resonated  Impedance  Bonds.     006  in.  air-gap. 
Rail  Impedance,  Z  —  o'3  ohm.  per  1,000  ft.  at  o'5  P.F. 
Track  Conductance.     Ballast  Res.  10  ohms.     Then  G  =  o"i. 
Relay  to  be  15  ft.  from  track.     30  ft.  of  7,  22. 

Res.  of  leads —  x  30  =  0*058  ohm. 

1,000       -^  ^ 

Drop  in  relay  leads  =  0*058  x  5*64  =  0*327  v. 
Volts  on  track,  relay  end,  e  =  i*o8  -f  0*327  =  1*36  V. 

Amps.  Bond,  relay  end,  — —  =  0*496. 

_^74      

Amps.,  relay  end,  i  =  5*64  -f  0*496  =-  6*08. 
Total  Volts,  E  =  ro8  +  0*327  +  1*824  =  3^  v. 
3*08 


£=  /•£  V.- 

DffOfi   /A-     9£IAY  i£AC>S'0'/&^ 

e=o-7Sv.' 
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Fig.  18. — Train  shunt  at  transformer  end  of  track. 
Relay  Release  figures.  Track  7*5  v.  0*2  amp.  0*906  P.F. 
Relay  transformer.     Track =  0*59  v.     2*825  amp.     0*6  P.F. 

Rail  Impedance  and  Track  Conductance  as  above. 

Drop  in  relay  leads,  0*058  x  2*^5  =  0*164  v.  

Volts  on  track,  relay  end,  e  =  0*59  -^  0*164  =  ^"3i  v. 
Amps.,  Bond,  relay  end  =  ^„  =  0*273, 

Amps.,  relay  end,  i  =  2*825  +  0*273  =  3- 
Total  Volts,  E  =  0*59  +  0*164  +  0*9  =  1*6  v. 

.\mps.,Bond,  transf.  end,  =  -^  =  0*57. 


Total  Amps.,  I  =  6*84. 
Shunt  .^mps.  =  3*93. 

.*.   Resistance  of  Shunt  = 


393  ' 


0*407  obm. 


Amps.,  Bond,  transf.  end,  = 


2*86 


1*08. 


Track  leads,  30  ft.  of  7,  22. Drop  in  leads  0*058  x  6*84  =  0*396  v. 

Total  Amps.,  I  =  5*64  -f  0*495  -)-  0*136  -f  1*08  =  6*84. 


impedance  to  be  obtained  on  the  resonated  impedance 
bond,  and  also  because  the  volt-amperes  required 
from  the  track  to  operate  the  quadrature  relay  were  less 
than  those  required  to  operate  the  "  in  phase  "  relay. 

It  is  frequently  desirable  to  place  the  track  relay  at 
some  distance  from  the  end  of  the  track  circuit,  and 
in  order  to  do  this  economically  with  regard  to  cable. 


used  for  this  work.  Phase  displacement  between 
primary  and  secondary  voltages  in  this  type  sometimes 
reaches  as  much  as  10°  from  the  180°.  In  addition 
to  this,  there  is  the  displacement  of  the  current  vector 
which  is  not  the  same  in  primary  and  secondary  windings. 
The  relay  constitutes  an  inductive  load  on  the  secondary 
of  the  relay  transformer,  and  the  power  factor  of  the 
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Fig.  19. — -Double  rail  track  with  resonated  impedance 
bonds,  two-element  vane  relay  and  condenser  in 
track  winding.  Supply,  60  cycles.  Track  circuit,  1,000 
feet  long.     (Track  clear.) 

Two-element  Vane  Relay,  Local  100  v.  0*44  amp.  0'25  P.F, 

Track  o'zg  v.  o".:8  amp.  unity  P.F. 
Resonated  Impedance  Bonds.    o'o6  in.  air-gap.     Unity  P.F. 
Rail  Impedance,  Z.    0*3  ohm  per  1,000  ft.  at  05  P.F. 
Track  Conductance,  G.     Ballast  Res,  10  ohms  per  1,000  ft.     .* .  G  =  o'l. 
Relay  to  be  15  ft.  from  track.    30  ft,  of  7  22. 

Resistance  of  leads  =         --  x  30  =  o'osS  ohm. 
Drop  in  relay  leads  —  o'ojS  x  o'aS  =  o"oi62  v. 
Volts  on  track,  relay  end,  e  =  0-28  -{-  0-0162^=  0-296  v. 
Amps.,Bond.relayeQd.  =  — t"  =o'ii8. 

Amps.,  relay  end,  »_=  o-28  +  o'liS  =  0-398. 
Total  Volts,  E  =  o'28  -r  o"oi62  -H  o'lig  =  0*38  v. 
038 


Amps. ,  Bond,  transformer  end,  = 


2-6 


—  0*146. 


Total  Amps.,  I  =  0-28  ~  0118  -f  0*0296  +  0*146  = 

Track  leads,  30  ft.  of  7  22. 

Drop  in  track  leads,  0-058  x  0-561  =  0*0323  v. 


0*561 


Fig.  20. — Train  shunt  at  transformer  end  of  track. 

Relay  Release  figures,  o'igS  v.  o'igS  amp.  unity  P.F. 

Drop'  in  relay  leads  0-058  x  0*198  —  0*0115  v-     

Volts  on  track,  relay  end,  *  =  o  igS  +  0-0115  =  o  209  •/, 

0*209 
.\mps.,Bond,relayend, — ; —  =0087. 

Amps.,  relay  end,  t  =»  cigS  4-  0*087  =°  0*285- 
Total  Volts,  E  =  o  198  -f-  0*0115  +  0*0855  ^  o"26. 

Amps.,Bond  transt  end,-;^  =  0*104. 

Total  Amps.,  I  =  o'56i. 
Shunt  .-Vmps.,  0*161. 

0*26 
.  * .  Resistance  of  Shunt  =  — -r-  =  r62  ohms. 
0161 
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primary  load  will  of  course  be  lower  than  that  of 
the  secondary  owing  to  the  magnetizing  current  of 
the  transformer,  which  is  s\ippLied  from  the  track. 

In  Figs.  15  and  16,  a  double-rail  track  circuit  with 
resonated  impedance  bonds  is  shown.  In  this  case 
the  displacement  of  the  voltage  vector  on  the  relay 
transformer  has  been  taken  as  10°.  The  net  result 
of  introducing  the  relay  transformer  into  the  track 
circuit  is  to  alter  the  power  factor  at  the  relay  end  of 
the  track  from  0-75  on  the  relay  to  o-6  on  the  track. 
It  will  be  noted  also  that  the  current  taken  from  the 
track  is  now  high.  This  is  partly  due  to  the  losses  in 
the  relay  transformer,  and  partly  to  the  fact  that  it 
is  not  as  efficient  to  wind  the  relay  for  a  high  operating 
voltage  as  for  a  low  one. 

In  Figs.  17  and  18  a  similar  track  circuit  with  a  relay 
transformer  and  quadrature  relay  is  shown  ;  and  the 
errors  introduced  by  the  relay  transformer  have  been 
allowed  for  in  the  same  way.  The  comparison  be- 
tween these  two  diagrams  and  Figs.  15  and  16  show's 
that  there  is  no  great  advantage  in  substituting  a 
quadrature  relay  for  the  "  in  phase  "  relay  because 
the  current  taken  for  the  primary  of  the  relay  transformer 
is  high  in  each  case.  The  comparison  of  the  two 
figures  shows,  in  the  case  of  the  "  in  phase  "  relay, 
a  shunt  value  of  04  ohm,  and  of  the  "  quadrature  " 
relay  0407  ohm.  It  must  be  remembered,  however, 
that  these  values  have  not  been  corrected  for  the  poor 
working  phase   angle   at  which   the   relays  are  shown. 
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Fig.  21. — Curve  of  thermal  resistance. 


The  alteration  in  phase  angle  that  takes  place  between 
track  "  clear  "  and  track  "  shunted  "  is  small  in  each 
case,  and  therefore  the  comparison  in  shunt  values 
is  permissible.  Several  methods  have  been  adopted 
for  varying  the  power  factor  of  the  relay  in  order  to 
enable  the  best  operating  conditions  to  be  obtained. 
One  of  these,  which  has  been  used  on  the  quadrature 
relay,  consists  in  adding  another  winding  to  the  iron 
core  on  which  the  track  winding  of  the  relay  is  mounted, 
and  connecting  this  additional  winding  to  a  small 
capacity.  By  this  means  the  power  factor  of  the  track 
winding  can  be  brought  up  to  "  unity." 

Figs.  19  and  20  show  a  double-rail  track  circuit 
with  resonated  impedance  bonds,  and  a  relay  in  which 
the  power  factor  of  the  track  winding  has  been  made 
"  unity  "  by  this  method.  This  gives  a  very  good 
combination  for  a  double-rail  track  circuit,  the  normal 
phase  displacement  on  the  relay  being  69°  and  the  phase 
displacement  when  shunted  varying  only  2°.  It  will 
be  noted  that  the  high  shunt  value  of  1-62  ohms  is 
obtained. 


Another  method  of  obtaining  control  of  the  phase 
angle  on  the  relay  is  to  feed  the  track  circuit  through 
a  condenser  of  variable  capacity,  or,  alternatively,  to 
use  a  capacity  and  inductance  in  series,  the  two  being 
so  adjusted  in  relation  to  one  another  that  the  current 
supply  to  the  track  may  be  given  an  angle  of  "  lag  " 
or  "  lead  "  as  desired.  The  method  of  doing  this  is 
shown  in  Fig.  27.  The  supply  feeds  the  primary  of  a. 
"  step-down  "  transformer  through  a  condenser,  the 
secondary  of  the  transformer  being  connected  direct 
to  the  track  rails  with  or  without  intermediate  means, 
of  regulation.  Adjustment  may  be  made  by  suitably 
varying  the  number  of  turns  of  the  primary  winding, 
capacity  being  maintained  constant. 

Damage  from  pressure -rises  due  to  any  cause  is. 
protected  against  by  the  use  of  safety  spark-gaps 
across    the    condenser    terminals.     By    adjusting    the 
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Fig.  22. — Curves  showing  impedance  and  power  factor  of 
resonated  bond  with  various  air-gaps.  Capacity  of 
bond  750  D.C.  amperes  per  rail. 

number  of  primary  turns  in  relation  to  the  capacity, 
the  voltage  across  the  condenser  can  be  maintained 
at  a  point  slightly  above  the  pressure  of  the  mains  while 
the  track  is  "  clear."  When  the  track  is  "  shunted," 
however,  the  short-circuit  of  the  secondary  winding 
of  the  transformer  so  reduces  the  inductance  of  the 
transformer  that  the  pressure  of  the  mains  only  is 
placed  across  the  condenser  terminals.  This  results 
in  a  decrease  of  the  current  passed  by  the  condenser 
and,  of  course,  a  corresponding  decrease  in  the  current 
output  to  the  track  on  the  secondary  side.  This  is 
of  great  value  in  the  track  circuit  as  it  enables  a  higher 
shunt  value  to  be  obtained. 

Not  only  does  a  decrease  in  current  take  place,  but 
a  change  in  the  phase  angle  of  the  current  also.  This 
changing  of  the  phase  angle  can  be  utilized  to  improve 
still  further  the  shunt  value,  by  so  arranging  the  track 
circuit  that  with  the  track  "  clear  "  the  relaj^  is  operat- 
ing at  its  maximum  efficiency,  and  that  when  the  track 
is  "  short-circuited  "  the  phase  angle  changes  in  such 
a  way  as  to  make  the  relay-operating  conditions  less 
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efficient.  This  method  of  feeding  is  most  suitable 
for  single-rail  track  circuits  fitted  with  quadrature 
relays.  In  this  case  the  capacity  and  inductance  in 
series  are  so  adjusted  that  their  power  factor  is  "  unity," 
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Fig.  23. — Curves  showing  comparison  of  impedance  and 
power  factor  of  resonated  and  non-resonated  bonds. 
750  D.C.  amperes  per  rail.     006  in.  air-gap.     50  cycles 
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Fig.  24. — Cur^'es  showing  effect  of  D.C.  unbalancing  current 
on  resonated  bond,  impedance  and  power  factor  at 
50  cycles.  Capacity  of  bond  750  D.C.  amperes  per  rail 
Air-gap  ^  o'o6  in.    A.C.  track  voltage  =  2  volts. 

the  quadrature  relay  itself  being  designed  so  that  its 
two  windings  have  widely  different  power  factors. 

When  the  track  is  "  clear,"  the  capacity  and  induct- 
ance supply  current  which  gives  a  90°  phase  displace- 
ment on  the  relav  ;   and  when  the  track  is  short-circuited 


and  the  inductance  of  the  feed  transformer  thereby 
reduced,  the  condenser  supplies  a  leading  current  which 
brings  the  phase  angle  of  the  tvvo  currents  on  the  relay 
to  a  phase  displacement  of  less  than  90°. 

Another  method  of  altering  the  power  factor  of  the 
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Fig.  25. — Curves  showing  impedance  with  zero  and  with  200 
amperes  unbalanced  direct  current.  25  cycles.  Resonated 
bond. 
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Fig.    26. — ^\''anation   in    .\.C.  relay  impedance  with   super- 
imposed direct  current. 
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Fig.  27. — A.C.  track  circuit  with  capacity  and  inductance 
in  feed  circuit. 
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£"1G,  28. — A.C.    track   circuit   with    relay    transformer   and 
condenser  in  series  with  relay. 

relay  track  element  to  suit  all  the  conditions  consists 
in  introducing  a  capacity  between  the  high-voltage 
side  of  a  relay  transformer  and  the  relay  track  element, 
as  shown  in  Fig.  28.  This,  however,  does  not  give 
to  the  track  when  "  shunted  "  the  falling  current  output 
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which  can  be  obtained  by  feeding  the  track  circuit 
through  the  combination  of  inductance  and   capacity. 

Referring  to  Fig.  28,  where  a  small  capacity  is  intro- 
duced between  the  secondary  of  the  relay  transformer 
and  the  relay  track  winding.  This  niethod  gives  similar 
results  to  that  of  adding  a  condenser  winding  and 
condenser  to  the  relay,  but  has  the  advantage  that  the 
relay  need  not  be  altered.  This  is  an  advantage,  as 
a  standard  design  of  relay  can  be  used  with  or  without 
the  relay  transformer,  and  with  either  the  resonated 
or  the  non-resonated  bond.  The  results  obtained  with 
this  method  are  given  here  for  a  typical  case  of  a  single- 
rail  track  circuit  approximately  1,000  feet  long,  the 
ballast    resistance    being    5    ohms. 

Readings  were  taken  with  a  phase-meter,  one  winding 
of  the  instrument  being  connected  across  the  primary 


the  propulsion  return  current,  it  is  essential  that  the 
alternating-current  apparatus  should  not  be  affected 
by  direct  current.  Where  single-rail  track  circuits  are 
installed,  the  return  traction  current  has  two  paths 
back  to  the  power  stations,  as  shown  in  Fig.  30.  One 
path  lies  on  the  continuous  return  rail,  and  a  parallel 
path  is  formed  through  the  relay  track-winding  and 
back  on  to  the  continuous  return  rail.  The  resistance 
of  this  alternative  path  must  be  kept  sufficiently  high 
in  relation  to  that  of  the  continuous  return  rail  to  limit 
the  direct  current  passing  through  the  relay  and  trans- 
former secondary  windings  to  a  value  which  will  not 
affect  the  operation  of  the  relay  or  transformer  by 
saturation. 

This  protection  may  also  be  obtained  by  placing  small 
impedance  coils  across  the  transformer  secondary  and 
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Fig.  29. — A.C.  track  circuit  showing  pliase  angle  at  various  points 


side  of  the  feed  transformer,  and  the  other  winding 
being  connected  across  the  following  points:  (a) 
The  non-inductive  feed  resistance.  (6)  The  track  rails 
at  the  transformer  end.  [c]  The  track  rails  at  the  relay 
end.     (rf)    The   primary   of   the   relay   transformer. 

Fig.  29  shows  the  arrangement  of  the  track  circuit, 
the  figures  in  circles  denoting  the'  points  at  which 
the   following   readings   were  taken. 

Volts  Amps.  Watts        Power  Factor 

83-9  0-54  26-5  0-586 

0-59         I ■ 205  0-6  o'844 

■  105  o- 4  0-624 

■027  o-i  o'245 

-44  8-4  0-284 

the   relay   transformer  in 


(1) 
(2) 

(3)  ■•        0-58 

(4)  ••      15 

(5)  •-      67-3 
The  step-up   ratio 


of 


this 

case  was  44  to  i,  the  capacity  inserted  between  the 
relay  transformer  and  the  relay  being  2  microfarads. 
It  will  be  seen  that  the  rail  impedance  on  even  this  1,000 
feet  of  track  accounts  for  a  27°  lag  in  the  track  current. 
The  relay  operating  as  shown  in  Fig.  29  had  a  difference 
of  74°  in  the  phase  angle  between  local  and  track 
currents. 

Direct-current  Effect. 

In  cases  where  alternating-current  track  circuits  are   I 
installed  on  electrified  roads  using  the  running  rails  for   i 


across    the    relay,    these    coils    having    relatively   large 
impedance  but  low  ohmic  resistance. 

In  double-rail  track  circuits  with  impedance  bonds 
the  question  of  saturation  of  transformer  or  relay  does 
not  arise,  as  the  bonds  are  of  sufficiently  low  resistance 


Fig.  30. — A .C.  single-rail  track  circuit  showing  D.C.  traction- 
current  paths 

to  prevent  any  appreciable  difference  in  potential 
between  the  two  rails.  The  bonds  themselves,  however, 
are  in  the  direct-current  return  path,  and  their  opera- 
tion must  not  be  affected  by  any  ordinary  variations 
of  the  return  traction  current. 
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As  long  as  the  return  traction  current  is  equally 
divided  between  the  two  rails,  the  effect  on  the  iron 
of  the  bond  caused  by  the  current  from  one  rail  passing 
round  one  half  of  the  bond  winding  will  be  neutralized 
by  the  current  from  the  other  rail  passing  round  the 
other  half  of  the  winding  in  an  opposing  direction. 
Curves,  check  rails,  and  variations  in  rail  section  or 
material,  all  tend  to  cause  a  difference  between  the 
resistance  of  the  two  rails  forming  the  section,  and 
this  results  in  more  direct  current  traversing  one  half 
of  the  bond  winding  than  the  other.  This  direct- 
current  magnetization  may  reach  a  point  where  the 
iron  of  the  bond  becomes  saturated  and  the  impedance 
of  the  bond  to  the  alternating-current  signalUng 
current  will  then  be  decreased.  To  prevent  saturation, 
the  iron  circuit  of  the  bond  is  cut  and  an  air-gap  of 
variable  thickness  introduced.  This  reduces  the  impe- 
dance, but,  provided  the  air-gap  is  of  the  correct  length 
to  provide  for  the  maximum  unbalancing  current  to 
be  dealt  with,  the  variations  in  impedance  with  lesser 
unbalancing  currents  will  be  small.  This  is  necessary 
as  any  variation  in  the  bond  impedance  will  cause 
variations  in  the  alternating  voltage  bet\\een  the  two 
track  rails. 

The  impedance  of  a  bond  is  to  some  extent  dependent 
on  the  track  voltage  at  which  it  is  worked,  the  rise  in 
impedance  with  the  track  voltage  being  of  course  more 
noticeable  with  the  small  air-gaps  than  with  the  larger. 

Investigation  has  shown  that  the  variation  in  impe- 
dance due  to  direct-current  unbalancing  of  the  bond  is 
greater  with  the  non-resonated  type  than  with  the 
resonated.  In  the  non-resonated  bond  the  impedance 
curves  usually  show  a  high  peak,  which  falls  rapidly 
as  the  imbalancing  current  increases.  This  peak  can 
be  flattened  considerably  if  the  air-gap  can  be  increased, 
but  the  resulting  low  impedance  of  the  bond  prevents 
this  remedy  being  of  much  use. 

The  impedance  curves  of  a  bond  having  a  capacity 
of  730  amperes  (D.C.)  per  rail  are  shown  in  Fig.  22. 
This  bond  was  fitted  with  a  condenser  coil,  but  this 
was  not  connected  during  this  test,  so  that  the  bond 
might  be  considered  as  of  the  ordinary  non-resonated 
type.  The  tests  were  made  at  30  cycles.  It  will  be 
noted  that  with  the  o-o6  in.  air-gap  the  impedance 
only  rises  slightly  over  a  wide  range  of  track  voltage. 
The  curves  plotted  above  the  impedance  curves  show 
the  ver\'  low  power  factor  of  the  non-resonated  bond. 
The  same  bond  was  used  to  obtain  the  tests  shown  in 
Fig.  23,  the  condenser  coil  now  being  connected  up  and 
the  number  of  turns  in  circuit  in  the  coil  being  adjusted 
to  give  the  bond  as  nearly  as  possible  unit}'  power 
factor.  The  air-gap  was  kept  at  006  inch  throughout 
the  test.  To  enable  a  comparison  to  be  made,  the 
impedance  curve  of  the  non-resonated  bond  has  been 
shown  below  that  of  the  resonated  bond,  the  air-gap, 
frequency  and  other  conditions  of  the  test  being  the 
same  in  each  case.  In  both  Fig.  22  and  Fig.  23  it  has 
been  assumed  that  the  direct-current  propulsion  return 
current  in  the  two  rails  is  equal.  As  previously  stated 
this  is  not  always  the  case  and  the  bond  impedance 
varies  as  the  D.C.  unbalancing  current  changes.  The 
variation  in  impedance  for  different  values  of  the  d.c. 
unbalancing   current  is  shown  in  Fig.  24.     This  curve 


was  taken  from  the  same  resonated  bond  as  that  shown 
in  Fig.  23.  The  alternating-current  signalling  supply 
was  at  50  cycles  and  the  bond  air-gap  006  inch.  A 
steady  track  voltage  of  20  was  maintained  across  the 
bond  terminals.  It  will  be  seen  from  the  curve  that 
the  power  factor  of  the  bond  varies  with  the  D.C.  un- 
balancing current.  If  the  bond  is  situated  at  a  point 
on  the  line  where  there  is  always  a  certain  amount  of 
unbalancing  current  present,  the  drop  in  impedance  can 
be  overcome  by  altering  the  tapping  of  the  condenser 
coil,  thus  making  the  bond  have  a  leading  power  factor 
when  no  unbalancing  exists,  and  the  power  fact.ir  then 
becoming  unity  when  the  pre-determined  unbalancing 
current  is  present.  The  variation  in  impedance  of 
the  bond  is  less  at  lower  frequencies  than  that  shown, 
and  at  25  cycles  it  is  possible  to  build  a  resonated  bond 
having  less  than  10  per  cent  variation  in  impedance 
between  o  and  200  amperes  (D.C.)  unbalancing  current 
over  a  range  of  track  voltages  from  0-23  to  6  volts. 
Fig.  23  shows  the  impedance  curves  of  such  a  bond, 
the  solid  line  indicating  the  impedance  without  D.C. 
unbalancing  current,  and  the  dotted  Une  the  impedance 
with    the    maximum  unbalancing  current. 

This  variation  in  impedance,  which  appears  to  get 
greater  as  the  frequency  of  the  signalling  current  supply 
is  increased,  would  appear  to  be  due  to  the  increase  in 
the  watt  loss  in  the  laminated  core  of  the  bond.  It 
has  been  found  that  it  is  not  advisable  to  reduce 
the  volume  of  the  iron  in  the  bond  core,  as  any  step 
in  this  direction  leads  to  two  results,  both  of  which 
are  undesirable.  Apart  from  the  lower  impedance  of 
a  bond  with  a  small  core,  the  watt  loss  which  occurs 
if  any  attempt  is  made  to  increase  the  flux  density 
in  the  core  makes  the  bond  inefficient ;  also  the 
variation  in  impedance  which  occurs,  particularly  in 
bonds  for  the  higher  frequencies,  gets  greater  as  the 
core  is  made  smaller.  The  normal  working  flux-density 
of  these  bonds  is  extraordinarily  small,  being  in  the 
neighbourhood  of  from  300  to  600  lines  per  square  inch. 
It  is  only  by  working  at  such  low  densities  as  this  that 
the  bond  losses  on  the  alternating-current  side  can  be 
kept  small.  The  total  alternating-current  losses  for  a 
bond  of  the  resonated  type  shown  in  Fig.  24  would  be 
in  the  neighbourhood  of  0-364  watt  at  I'o  volt,  rising 
to  1-4  watts  at  2-0  volts  across  the  track. 

The  keeping  of  these  alternating-current  losses  low 
is  of  great  importance,  particularly  in  the  resonated 
bond,  as  an  increase  in  losses  means  a  decrease  in  the 
impedance  of  the  bond  and  an  increase  in  the  magnet- 
izing current.  Also,  if  the  magnetizing  current  is 
increased,  the  condenser  must  be  either  made  of  larger 
capacity,  or  worked  with  a  higher  voltage  across  its 
terminals.  It  has  been  found  desirable  to  limit  the 
ratio  between  the  number  of  turns  in  the  condenser 
coil  and  the  main  coils  of  the  bond,  so  that  in  the  event 
of  the  full  track-transformer  secondary'  voltage  being 
impressed  on  the  bond,  the  alternating  pressure  across 
the  condenser  terminals  does  not  rise  above  a  pre- 
determined figure,  and  spark-gaps  are  connected  across 
the  condenser  to  protect  against  any  momentary 
surges  due  to  any  cause. 

The  necessity  for  using  a  large  quantity  of  iron  in 
the    bond    only    applies    in    the    case    of  direct-current 
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electrified  roads  where  the  heavy  return  traction  current 
necessitates  the  bond  having  an  air-gap  to  avoid 
saturation. 

For  steam  -roads  the  bonds  may  of  course  be  dispensed 
with  entirely.  Where  an  alternating  current  is  used 
for  traction  the  current  in  the  return  rails  is  usnally 
very  small  and,  even  if  one  rail  cannot  be  given  up 
entirely  for  signalling  purposes,  bonds  of  much  smaller 
capacity-  than  those  necessary  to  carry  the  return  currents 
usually  found  on  direct-current  roads  can  be  used.  In 
some  cases  also  the  air-gap  can  be  omitted  and  a  closed 
iron  ci-cuit  used.  This  results  in  a  smaller  and  less 
costly  bond  than  the  heavy  type  used  for  direct-current 
traction.  Wherever  possible,  bonds  are  placed  between 
the  track  rails  and  short  flexible  copper  leads  are 
run  from  the  bond  terminals  to  the  track  rails.  It  is 
as  well  to  remember  that  if  the  bonds  cannot  be  placed 
Centrally  between  the  track  rails  they  should  be  placed 
one  on  each  side  of  the  centre  line,  in  order  that  the 
resistance  of  the  copper  leads  may  be  the  same  for 
each  half  of  the  two  bonds. 

Reference  has  already  been  made  in  this  paper  to 
the  utilization  of  the  resonated  tond  as  a  means  of 
improving  the  phase  angle  between  the  current  in  the 
track  relay  local  and  track  windings.  This  method 
consists  in  varying  the  number  of  turns  in  circuit  in 
the  condenser  coil  of  the  bond  until  a  tapping  is  found 
which  gives  the  desired  result  on  the  relay.  This 
variation  of  the  condenser  circuit  of  course"  varies 
the  bond  power-factor  and  in  some  cases  is  futile, 
and  although  the  phase  angle  at  the  relay  may  be  im- 
proved, the  impedance  of  the  bond  may  be  decreased 
sufficiently  to  nullify  the  advantage  of  this  improve- 
ment. If,  however,  it  is  found  possible  to  vary  the 
condenser  in  such  a  way  that  both  the  voltage  across 
the  relay  track  winding  and  the  phase  angle  between 
the  relay  local  and  track  currents  are  improved,  then  the 
adjustment  is  a  good  one,  and  improved  shunting  of 
the  track  and  possibly  a  reduction  in  the  track  feed 
current  will  result.  To  obtain  the  best  results  frorn 
any  double-rail  track  circuit  with  impedance  bonds, 
it  is  necessary  to  make  these  adjustments  when  the 
track  circuit  is  installed,  and  as  nearly  as  possible 
under  the  normal  working  conditions  of  ballast  resistance 
and  unbalancing  current,  both  the  voltage  across  the 
relay  and  the  phase  angle  being  checked  while  the 
adjustment  is  being  made. 

Having  considered  the  effect  of  direct  current  on 
the  alternating-current  impedance  bonds,  and  the 
precautions  taken  to  prevent  failure  of  the  bonds  from 
this  effect,  we  may  now  consider  the  effect  of  direct 
current  on  the  relay.  Relays  of  the  galvanometer, 
vane  or  induction-motor  type  are  all  immune  from 
operation  by  direct  current,  and  the  only  effects  of 
direct  current  on  them  are  those  which  will  cause  the 
relay  to  drop — a  "safe  "  failure,  but  one  which  must 
be  guarded  against  to  prevent  traffic  delays.  If  the 
relay  is  of  the  "  in  phase  "  galvanoneter  type  containing 
no  iron,  the  direct-current  effect  is  not  marked  and  only 
adversely  affects  the  relay  as  far  as  heating  is  concerned. 
Excess  of  direct  current  through  the  relay  track  winding 


may  damage  flexible  connections  to  the  moving  armature, 
but  otherwise  this  relay  may  be  considered  to  be  non- 
affected  by  direct  current.  The  "  quadrature  "  relays 
contain  iron  in  some  part  or  another  and,  if  used  for 
single-rail  track  circuits  on  direct-current  electrified  roads, 
must  be  protected  against  saturation  from  direct  current 
passing  through  the  parallel  path  shown  in  Fig.  31. 
In  practice  the  relay  is  protected  in  a  similar  way  to 
the  track  transformer  by  keeping  the  resistance 
up  as  much  as  possible,  and  it  may  also  have  an  air- 
gap  in  its  iron  circuit  which  will  assist  in  this 
protection. 

Direct  current  has  the  sanie  effect  on  this  type  of 
relay  as  on  the  impedance  bond ;  that  is,  it  decreases 
the  impedance.  Fig.  26  shows  the  fall  in  impedance 
when  direct  current  is  superimposed  on  a  two-element 
vane  relay  working  on  alternating  current.  The  centre 
curve  shows  the  D.C.  ampere-turns,  and  the  dotted 
curves  represent  the  A.C.  ampere-turns  added  and 
deducted  from  the  D.C.  curve.  The  steady  fall  in 
impedance  illustrates  the  necessity  of  protecting  the 
relay  against  such  direct-current  interference.  In 
the  case  illustrated  the  direct-current  difference  in 
potential  across  the  relay  track  winding  to  give  suffi- 
cient D.C.  ampere-turns  to  put  the  relay  out  of  action 
would  be  0-55  volt.  W'hen  installing  this  relay  on  a 
single-rail  track  circuit  as  shown  in  Fig.  30,  it  would 
be  necessary  to  adjust  the  resistance  of  the  parallel 
path  formed  by  the  transformer  secondary,  section 
rail  and  relay,  so  that  this  voltage  would  not  be  reached. 
The  alternative  method  of  protecting  relays  on  single- 
rail  track  circuits  by  placing  an  impedance  coil  as  a 
shunt  across  the  relay  has  the  disadvantage  that  it 
introduces  an  additional  piece  of  apparatus  into  the 
track  circuit,  and  this  piece  of  apparatus  having  a 
different  power  factor  from  that  of  the  relay  may 
adversely  affect  the  phase  relationship  desired  between 
the  relay  track  and  local  currents. 

No  mention  has  so  far  been  made  in  this  paper  of 
the  relays  adopted  for  track-circuiting  roads  on  which 
A.C.  traction  current  is  returned  to  the  power  house 
through  both  running  rails.  In  such  cases  it  is  custom- 
ary to  adopt  a  higher  frequency  for  the  signalling  current 
and  to  use  a  relay  which  is  definitely  selective  and  is 
therefore  not  operated  by  the  lower-frequency  traction 
current.  Such  relays,  if  of  the  two-element  type, 
come  under  the  same  classification  as  that  applied 
to  all  other  two-element  relays,  namely,  "in  phase" 
or  "  quadrature,"  and  are  treated  in  the  same  way 
when   constructing   the   track-circuit   vector   diagrams. 

In  conclusion  the  author  would  again  emphasize 
the  necessity  of  considering  the  apparatus  forming  an 
alternating-current  track  circuit  as  a  whole  and  its 
operation  under  the  varying  conditions  of  ballast 
resistance,  traction  current  and  other  factors  which 
differ  on  every  road.  The  large  number  of  alternating- 
current  track  circuits  installed  in  this  country  in  recent 
years  show  great  improvements  over  the  earlier  ones. 
There  is  Uttle  doubt  that  this  progress  will  continue  and 
that  the  very  satisfactory  results  already  obtained 
in  operation  will  be  more  than  maintained. 
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THE   EFFECT   OF  SHUNTED  RESISTANXE,   OR  PLUG  LEAKAGE,  ON   THE 
SPARKING   PERFORMANCE   OF  AN   ELECTRICAL   IGNITION    SYSTEM.* 


By  G.  E.  Bairsto,  D.Sc,  D.Eng.,  Associate  Member. 

(Paper  first  received  6  March,  and  in  final  form  ii  May,  1920.) 


The  work  described  in  the  following  paper  was  carried 
out  at  the  Royal  Aircraft  Establishment,  Farnborough, 
during  the  years  1917-1918,  and  has  been  com- 
municated to  the  Advisory  Committee  for  Aeronautics 
as  a  confidential  report.  Permission  for  publication  has 
now  been  granted  by  the  Director  of  Research,  Air 
Ministry. 

Summary. 

A  description  is  given  of  a  series  of  tests  made  to 
determine  the  effect  of  shunted  resistance  on  the  spark 
■  voltage  of  most  of  the  leading  types  of  electrical  ignition 
systems  in  use.  The  effect  of  the  alteration  of  some  of 
the  electrical  constants  is  considered.  It  is  shown  that 
the  quicker  the  rate  of  rise  of  the  secondary  potential 
the  less  is  the  fall  of  voltage  with  leakage.  The  order 
of  merit  of  the  various  types  is  as  follows  : — 

(i)  Rotating  armature  types  with  movable  pole-shoes. 

(2)  Ordinary  rotating-armature  types. 

(3)  Sleeve  inductor  types. 
{4)  Polar  inductor  types. 

(5)  Batter}'  and  coil  systems. 

A  theoretical  discussion  is  given  in  which  formute  are 
derived  for  the  secondary'  voltage  in  the  case  of  an 
ignition  system  shunted  with  a  resistance  of  moderately 
low  value.  A  number  of  curves  are  calculated  for 
various  cases.  The  actual  measured  values  of  the 
maximum  voltage  are  shown  to  be  in  substantial  agree- 
ment with  these  formulae.  It  is  also  showTi  that  to  get 
the  best  possible  results,  the  number  of  secondary  turns 
should  be  made  as  small  as  possible.  The  effect  of  the 
coupling  is  considered  and  it  is  found  that  there  is  in 
each  case  a  particular  value  of  this  factor  which  gives 
the  maximum  potential. 

An  appendix  is  given  showing  some  tests  of  the 
leakage  at  high  temperatures,  and  with  high-tension 
current,  of  actual  plugs  that  have  missfired  on  engines. 
It  is  found  that  the  average  resistance  of  a  spark  plug 
that  has  run  a  moderatelv  long  time  is  about  200,000 
ohms. 

IXTRODUCTION. 

One  of  the  most  serious  limitations  imposed  on  an 
electric  ignition  system  by  the  engine,  especially  an 
aero  engine,  is  that  after  a  sparking  plug  has  run  for 
some  time  it  becomes  a  fairly  good  electrical  conductor, 
due  principally  to  the  deposition  of  carbonized  oil  on 
the  surface  of  the  insulation  and  infiltration  into  the 

•  The  Papers  Committee  Invite  written  communications  (with  a  view  to 
publication  in  tlie  Journal  if  approved  bv  the  Committee)  on  papers  publi--Jied 
in  the  Journal  withoat  being  rtad  at  a  meeting.  Communications  should  react 
the  Secretar>'  of  the  Institution  not  later  than  one  month  after  publication  of 
the  paper  to  whi^^h  they  relate. 


body  of  the  insulation  if  of  mica,  and  to  buming-in  of 
the  glaze  of  porcelain  insulation. 

In  a  communication  to  the  Advisory  Committee  for 
Aeronautics  (Engine  Sub-Committee  Report  No.  17) 
on  the  use  of  a  series  gap  with  leaky  sparking  plugs,  it 
was  shown  that  a  resistance  of  the  order  of  one  megohm 
in  parallel  with  a  spark  plug  was  sufficient  to  cause  a 
falling  off  of  the  spark  voltage  of  the  magneto,  and  that 
if  a  resistance  of  about  200,000  ohms  were  used,  a  marked 
fall  in  the  voltage  was  produced.  These  results  were 
obtained  on  magnetos  of  the  rotating  armature  and 
sleeve  inductor  types.  The  work  now  to  be  described 
is  a  more  e.xtended  investigation  into  the  effect  of 
shunted  resistance  on  the  sparking  performance  of 
electrical  ignition  systems  in  general. 

Appar.\tus  and  Methods. 

In  making  the  tests  it  was  necessary  to  make  a  sharp 
distinction  between  the  "  regular  sparking  voltage  "  of 
a  magneto  and  the  voltage  which  only  occasionally  will 
give  a  spark.  The  latter  may  for  convenience  be  called 
the  "  maximum  sparking  voltage."  There  is  always  a 
difference,  sometimes  very  small  and  sometimes  quite 
appreciable,  between  these  two  values,  and  it  is  usually 
attributable  to  imperfections  in  the  contact  breaker. 
In  comparing  two  magnetos  for  spark  voltages,  it  is  the 
"  regular  sparking  voltage  "  that  matters  and  not  the 
maximum  voltage. 

A  cylinder  fitted  with  a  spark  plug  and  pressure 
gauge  was  connected  to  a  source  of  compressed  air,  which 
was  continually  renewed  by  being  allowed  to  escape 
through  a  release  valve  at  such  a  rate  as  to  renew  the 
air  in  the  cylinder  completely  about  three  or  four  times 
a  minute.  This  was  done  in  order  to  prevent  any 
complications  due  to  the  ionized  air  caused  by  the 
.spark.  The  pressure  %\as  regulated  and  kept  constant 
by  means  of  a  suitable  stop-valve  on  the  intake.  The 
sparking  plug  was  a  K.L.G.,  C.B.  t3-pe,  having  two 
crossed  circular  bars  as  spark  points,  and  was  chosen 
because  it  has  a  fairly  small  electrostatic  capacity  and 
the  shape  of  the  electrodes  is  such  that  "  time-lag  "  is 
a  minimum.  The  spark  gap  was  kept  constant  at  the 
standard  figure  of  0-015  inch.  The  method  of  test 
consisted  in  regulating  the  air  pressure  until  the  plug 
just  ceased  to  miss  sparking,  the  spark  being  viewed 
through  a  small  window.  In  some  cases  the  maximum 
voltage,  and  the  corresponding  air  pressure,  were  also 
taken.  The  peak  voltage  across  the  plug  was  measured 
by  means  of  a  thermionic  valve  and  a  series  electro- 
static voltmeter  in  parallel  with  a  highly  insulated 
condenser.     The    variable    leak    consisted  of    a    water 
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resistance    in    the    form    of    a    U-tube,    with    variable 
electrodes. 

In  one  or  two  cases,  the  safety  gap  was  prevented 
from  acting,  but  care  was  always  taken  that  the 
magneto  was  allowed  to  relieve  itself  by  sparking. 
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Fig.  I. — Relation  between  spark  voltage  of  spark  plug  used 

in  the  tests  and  corresponding  air  pressure  for  regular 
sparking. 

In  presenting  the  comparative  tests  on  different 
magnetos,  it  was  found  desirable  to  use  air  pressure  for 
regular  sparking  as  the  ordinates  of  the  curves  because. 


Comparative  Tests   on   Various   Ignition   Systems. 

All  the  experimental  results  given  in  this  section  were 
taken  at  a  constant  magneto  shaft  speed  of  i,8oo  r.p.m. 
except  in  the  cases  of  the  battery  and  coil  sets,  which 
were  driven  at  a  cam-shaft  speed  of  900  r.p.m. 

Magneto  No.  i  (Six-cylivder). — This  magneto,  of 
German  origin,  has  a  rotating  armature  and  is  fitted 
with  movable  pole-shoes  in  the  form  of  a  sleeve  fitted 
into  the  armature  tunnel.  This  sleeve  is  connected  to 
the  timing  lever  and  moves  with  it  in  order  to  produce 
as  nearly  as  possible  equal  spark  voltage  in  both  fully 
retarded  and  fully  advanced  positions. 

Fig.  2  gives  the  results  for  both  positions  of  the  timing 
lever.  The  circles  denote  the  air  pressure  for  just 
regular  sparking  while  the  crosses  give  the  results  for 
just  occasional  sparking.  The  difference  between  the 
two  values  in  this  magneto  is  not  very  large.  The 
arrows  at  the  end  of  the  diagram  give  the  values  of  the 
air  pressure  for  no  leak.  It  will  be  seen  that  for  resist- 
ances as  low  as  one  megohm  there  is  little  decrease  in 
spark  voltage,  but  below  this  figure  it  falls  very  rapidly. 

Magneto  No.  2  (Six-cylinder). — This  machine  is  an 
English-made  one  and  is  also  of  the  rotating-armature 
movable  pole-shoe  type.  Although  the  maximum 
voltage  is  not  quite  so  high  as  that  of  magneto  No.  i, 
it  does  not  fall  quite  so  rapidly  with  large  leaks. 

Magneto  No.  3  (Six-cylinder  rotating-armature  machine 
of  orthodox  type). — The  results  given  in  Fig.  3  are  similar 
to  the  previous  ones  except  that  the  voltage  does  not 
decrease  quite  so  rapidly  with  increase  of  leak. 

Magneto  No.  4  (Six-cylinder). — This  is  a  rather  lighter 
model  than  the  previous  ones  and  has  a  smaller  magnet. 
The  results  are  similar  to  those  given  by  magneto 
No.  3. 
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Fig.   2. — Magnetos  of   movable  pole-shoe  types. 
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from  the  point  of  view  of  the  engine,  this  is  the  quantity 
which  counts  most.  It  should  be  pointed  out  that  the 
relation  between  the  spark  voltage  and  air  pressure  is 
not  quite  the  same  for  all  types  of  ignition  systems, 
and,  moreover,  the  magnitude  of  the  leak  also  affects  the 
relationship.  A  curve  shown  in  Fig.  i,  which  is  a  mean 
for  various  systems  and  leaks,  gives  the  relation  between 
the  spark  voltage  of  the  plug  and  the  air  pressure,  so 
that  the  results  can  approximately  be  converted  to  volts 
if  necessary. 


Magnetos  Nos.  5  and  6.—  These  machines  are  rotating- 
armature  machines  of  very  light-weight  design  with 
small  armatures  and  small  field-magnets.  The  former 
has  a  7-way  distributor  fitted  with  a  carbon  brush. 
The  latter  has  a  9-way  distributor  with  a  series  jump 
spark  approximately  0-0x2  inch  in  length.  The  results 
are  also  given  in  Fig.  3.  Both  magnetos  give  lower 
maximum  pressures  than  either  of  the  two  previous 
ones  ;  the  general  shape  of  the  curves  is,  however,  the 
same.     It   should   be  noted   also   that   magneto   No.   6 
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Fig.  3. — Magnetos  of  rotating-armature  types. 
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gives  slightly  better  results,  but  this  is  probably  due  to 
it  having  a  slightly  stronger  magnet.  In  any  case  the 
feeding  of  the  spark  through  a  short  series  gap  of  the 
size  employed  in  this  type  of  distributor  effects  little 
improvement  on  the  leakage  performance. 


position.  Results  are  given  in  Fig.  4  for  both  positions 
The  shapes  of  the  curves  are  the  same.  Some  tests  were 
also  made  with  a  jump  spark  distributor  fitted  instead 
of  a  carbon  brush.  The  points  so  obtained  are  marked 
thus,  A.     It   will  be  seen  that  practically  no  improve- 


Max.value 


120 

gioo 
5  80 

/ 

^^^^p-^'N?..(batteiyvoltj 

=  6-1)      / 

Max,vaiue 

u 

^     1 

- 

Ma{metoTf?io(bdttery  vtits 

=6-0) 

_/ 

«  60 

j-cylinder  set 

3 

A 

// 

/ 

A 

> 

0-5  10  1-5  2-0 

Resistance  of  leak  in  megohms 

Fig.  6. — Coil  and  battery  sets. 


2-5 


0  123456789  10 

Leakajpe   in    10"'  meg'ohms 
Fig.  7. — Relation  between  drop  of  air  pressure  and  leakage  for  various  ignition  systems. 


Magneto  No.  7  {Eight-cylinder). — This  magneto  is  of  I  ment  was  made  with  the  use  of  the  series  gap,  confirming 

the   sleeve   inductor   type.     Alternating   sparks   are   of  the  previous  results  obtained  on  magneto  No.  6. 

different  strength,  the  H-position  of  the  sleeve  at  the  '  Magneto  No.  8  {Eight-cylinder). — This  magneto  is  of 

"  break  "   giving   a   greater   voltage   than   the   vertical  ;  the   polar  inductor  type   with  a  stationary   armature. 
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Results  are  given  in  Fig.  5.  Its  performance  is  rather 
worse  than  that  given  by  magneto  No.   7. 

Magneto  No.  9  (Eight-cylinder). — This  niachinc  is 
similarly  designed  to  the  previous  one  but  is  much 
more  lightly  built.  The  results  are  given  in  the  same 
diagram.  With  large  leaks  it  is  the  worst  of  all  the 
magnetos  tested. 

Coil  and  battery  set  No.  10  (Twelve-cylinder). — This 
set  has  a  separate  coil  and  a  double  contact  breaker  of 
the  closed  circuit  type.  Fig.  6  gives  the  results.  It 
should  be  noted  how  very  rapidly  the  pressure  falls 
with  increasing  leakage,  so  that  with  half  a  megohm 
shunted  across  its  terminals  it  would  be  quite  incapable 
of  firing  the  spark  plug  in  the  engine. 

Coil  and  battery  set  No.  11  (Four-cylinder). — This  set 
has  a  contact  breaker  of  the  open  circuit  tvpe,  i.e.  it 
produces  a  spark  at  the  "  make  "  of  the  primary  current. 
Although  it  starts  off  with  a  maximum  pressure  of 
125  lb.  per  square  inch,  for  no  leak,  as  against  the 
previous  one  with  85  lb.  per  square  inch,  the  pressure 
falls  very  rapidly  when  the  leak  is  of  the  order  of 
200,000  ohms. 

Summary  of  Results. 

We  may  compare  the  various  systems  in  either  of 
two  ways  : 

(i)  The  actual  air  pressure  for  some  particular  value 
of  the  resistance  shunting  the  spark  plug. 

(2)  The  ratio  of  the  air  pressure  with  some  particular 
leak,  to  the  air  pressure  with  no  leakage. 

Table  i  gives  a  comparison  made  by  method  No.  i, 
the  magnetos  being  arranged  in  their  order  of  merit 
for  a  shunt  resistance  of  500,000  ohms. 

Table  i. 


^fagneto 


Type  of  Magneto 


Air  Pressure  (with 

500,000  Ohms  in 

I  parallel  with  Plug) 


lb. 

4 

Rotating  armature 

92 

3 

Rotating  armature 

87 

I 

Rotating  armature  (movable pole- 
shoes) 

77 

2 

Rotating  armature  (movable  pole- 
shoes) 

74 

6 

Rotating    armature    (light    type 
with  jump  spark  distributor) 

72 

8 

Polar  inductor 

70-5 

7 

Sleeve  inductor    .  . 

70  and  81 

5 

Rotating    armature    (light   type) 

62 

.     9 

Polar  inductor 

58 

10 

Coil  and  t  attery  .  . 

46 

II 

Coil  and  battery  .  . 

41 

indifferent  magneto  into  a  good  one.  Method  (2) 
would  therefore  seem  to  be  a  better  criterion  for  com- 
parison of  designs. 

Fig.  7  shows  the  results  for  the  various  magnetos 
compared  on  the  basis  of  the  ratio  of  air  pressure  with 
leakage,  to  the  air  pressure  with  no  leak,  the  ordinates 
giving  this  ratio  and  the  abscissas  the  leakance,  or  the 
reciprocal  of  the  shunted  resistance.  It  should  be 
noted  that  some  of  the  curves  cross  one  another  :  thus 
magneto  No.  i,  although  rather  worse  than  magneto 
No.  3  with  comparatively  small  leaks,  is  distinctly 
better  when  the  leakage  becomes  large.  One  very 
striking  feature  shown  in  the  curves  is  the  very 
indifferent  performance  of  the  battery  and  coil  ignition 
systems.     Table  2  conveniently  summarizes  the  results  : 

Table  2. 


The  figures  given  in  the  third  column  will  not  be  the 
same  for  each  specimen  of  any  particular  type  of  design, 
chiefly  because  the  strength  of  the  magnets  may  vary 
from  specimen  to  specimen,  and  in  the  table  given 
above  we  are  not  making  a  fair  comparison  as  the  sub- 
stitution of  a  stronger  or  larger  magnet  might  turn  an 


Magneto 

T>-pe  of  Magneto 

Ratio  of 

Air  Pressure  with 

Leak  of 

100,000  Ohms 

to  Air  Pressure 

with  no  Leak 

1 
2 

4 

3 
6 

5 
7 

\Rotating     armature     (movable_ 

J     pole-shoes) 
Rotating  armature  (heavy  type) 
Rotating  armature  (heavy  t>'pe) 
Rotating  armature  (light  type) 
Rotating  armature  (hght  type) 
Sleeve  inductor  .  . 

Per  cent 
36 
36 
32 
29 

28-5 

23 
20* 

^ Polar  inductor 


^Coil  and  battery 


■■{ 


20 
approx.  10 
8 
5 


It  will  be  seen  from  the  curves  and  the  table  that  the 
magnetos  group  themselves  fairly  weU  in  their  main 
tj'pes  of  designs,  and  in  the  following  order  :  rotating 
armature,  sleeve  inductor,  polar  inductor,  and  coil  and 
battery.  Also  in  the  first  class  the  machines  with  the 
movable  pole-shoes  are  better  than  the  others,  while 
the  heavy  types  of  ordinary'  rotating-armature  machines 
appear  to  be  slightly  better  than  the  lighter  types. 
The  performance  of  the  polar  inductor  machine  is  only 
roughly  50  per  cent  of  that  of  the  rotating-armature 
type,  while  coU  and  battery  sets  show  up  very  badly. 
Actually  the  air  pressure  for  leaks  greater  than 
5  X  10-*  mhos  was  below  that  of  the  atmosphere  and 
the  values  given  in  the  table  had  to  be  extrapolated  from 
the  curves. 

Effect  of  Alteration  of  Some  of  the 
Magneto  Electrical  Constants. 

Effect  of  alteration  of  speed  of  magneto. — A  series  of 
tests  were  taken  on  a  No.  i  magneto  at  various 
speeds  for  both  no  leak  and  for  a  leak  of  100,000  ohms. 
Tests  were  made  for  the  plug  just  sparking  and  also 
for  perfectly  regular  sparking.  The  curves,  which  are 
shown  in  Fig.  S,  are  very  similar.     Table  3  gives  the 

-  This  \-alue  is  the  average  for  the  sparks  produced  at  the  horizontal  and 
vertical  positions  of  sleeve. 
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ratios  of  the  two  pressures,  with  and  without  leak,  the 
ratio  being  practically  constant  at  low  speeds,  but  falls 
off  as  the  speed  becomes  large. 


l6o 


1,000 

Speed 


2,000 

in  R.P.M. 


3^00 


Fig.  8.— Effect  of  speed. 

Leak  =  100,000  ohms. 

A  similar  set  of  results  was  obtained  from  a  No.  9 
magneto  with  500,000  ohms  in  parallel  with  the  plug. 
These  results  are  given  in  Fig.  9  and  Table  4.     In  this 


^ 
a 


80 


60 


g  ^ 


to 


Xoleak 

0        I'l  ^ 

VJith  leak 

^ 

Fig.  9.- 


1,000  2.000 

Speed  in  R.F.M. 

-Effect  of  speed  of  magneto  No.  9, 
500,000  ohms  in  parallel. 


with 


case  the  pressure  ratio  rises  from  49  per  cent  at  low- 
speeds,  to  a  maximum  of  60  per  cent,  and  then  falls 
away  again  at  top  speeds  to  about  50  per  cent. 


Effect  of  alteration  of  primary  capacity. — The  effects 
under  discussion  will  of  course  vary  greatly  with  the 
electrical  constants  of  the  various  machines,  and,  in 
order  to  understand  more  fully  what  is  happening, 
a  series  of  observations  were  taken  in  which  one  of 
these  factors  was  varied  over  a  fairly  wide  range  and 
all  the  others  were  kept  constant.  All  the  results  to  be 
given  now  and  in  the  remaining  paragraphs  of  this 
section  of  the  report  were  taken  with  a  constant 
magneto  speed  of  1,800  r.p.m. 

Table  3. 

Effect  of  Speed  on  Magneto  No.   1.  Leak  of 
loo.ooo  Ohms. 


Speed  in  r.p.m. 

Air  Pressure  with  Leak 

Air  Pressure  without  Leak 

300 

0-42 

500 

0-47 

700 

0-42 

900 

0-46 

1,200 

0-47 

1.500 

0-45 

1,900 

0-40 

2,000 

0-39 

2,250 

0-37 

2,500 

0-35 

2,700 

032 

Table  4. 

Effect  of  Speed  on 

Magneto 

No.  9.   Leak  of 

500, 

000 

Ohms 

Speed  in  r.p.m. 

Air  Pressure  with  Leak 
Air  Pressure  without  Leak 

200 

0-49 

300 

0-50 

450 

0-56 

600 

0-57 

800 

0-57 

1,000 

0-58 

1,500 

0-59 

2,000 

0-59 

2,250 

o-6o 

2,500 

0-58 

2,750 

0-58 

3,200 

0-51 

Fig.  10  shows  how  the  spark  voltage  of  a  No.  g 
magneto  \aries  with  the  primary  capacity,  a  series 
of  curves  being  given  for  various  leaks.  The 
voltages  as  before  are  for  just  regular  sparking  of  the 
plug  under  pressure.  The  no-leak  curve,  except  for  a 
tendency  to  form  a  hump  near  0-2  mfd.,  gradually  falls 
as  the  capacity  increases.  This  result  is  similar  to  that 
shown  by  an  induction  coil.  In  the  case  of  the  500,000- 
ohm  leak,  the  fall  of  voltage  is  not  at  all  as  great  and  a 
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■definite  hump  shows  itself  at  o-2i  mfd.  With  the 
200,000  ohm  leak,  the  curve  becomes  practically  flat 
■except  for  a  sUght  hump  at  the  beginning.  In  the  two 
lower  curves,  the  initial  hump  appears  to  have  dis- 
appeared and  each  curve  consists  of  a  gentle  rise  at  the 


1^,000 


0  0-2  0-4  0-6  0-8  I-O 

Primary  cdpacity  in.  mfd. 

Fig.   10. — Variation  with  primary  capacity  of  the  secondary 
voltage  (just  regular  sparking)  in  magneto  No.  9. 

beginning,  next  a  flat  portion,  and  then  the  curve  tends 
to  fall  again. 

It  is  of  interest  to  see  whether  the  condenser  actually 
fitted  to  the  magneto   gives  the  best  possible  results. 


shows  that  with  0-2  mfd.  an  improvement  of  about 
7  per  cent  can  be  effected.  With  the  other  curves 
the  increase  is  not  so  apparent,  but  the  whole  tendency 
is  for  the  best  value  of  the  capacity  to  be  rather  higher 
with  a  leak  on  the  system,  than  it  is  for  no  leakage. 

Effect  of  alteration  of  secondary  capacity -Some  tests 
were  made  on  a  No.  9  magneto  with  various  capacities 
shunted  across  the  plug.  The  condensers  were  air 
plate  condensers  of  negligible  power  factor.  The  results 
are  shown  in  Fig.  11  where  curves  are  given  for  two 
settings  of  the  leak,  viz.  i  and  o-i  megohm.  All  the 
curves  are  gradually  drooping  ones.  The  dotted  curves 
give  the  ratio  of  the  voltage  with  leak  to  that  with  no 
leak.  They  show  that  the  percentage  drop  in  voltage 
with  a  constant  leak  is  practically  independent  of  the 
value  of  the  shunted  capacity. 

Effect  of  alteration  of  secondary  inductance. — In  order 
to  test  the  effect  of  altering  the  secondan,'  inductance, 
a  No.  9  magneto  was  used  and  the  current  from  this 
was  fed  to  the  spark  plug  via  one  or  more  secondarj' 
windings  of  some  other  magnetos  cf  the  sam;  time. 
These  latter  machines  had  approximately  the  same 
inductance,  and  the  rotor  was  fixed  in  each  case  so 
that  the  contact  breaker  was  just  open.  Fig.  12 
shows  the  results  obtained  with  i,  2,  3  and  4  wind- 
ings in  series.  With  no  leak  there  was  only  a  slight 
fall  in  the  voltage,  but  as  the  leakage  increased  the 
drop  became  more  marked.  With  the  leak  of  o-i 
megohm  the  voltage  became  practically  inversely  pro- 
portional to  the  inductance.  This  is  shown  in  the 
dotted  curve  which  gives  the  product  of  the  voltage 
and  the  number  of  windings. 

Effect  of  alteration  of  primary  resistance. — Table  5 
gives  the  results  of  some  tests  made  by  inserting  various 
amounts  of  resistance  in  series  with  the  primar\-  winding. 
As  the  resistance  of  the  primary  winding  was  only 
0-71    ohm,    and   in   few   magnetos   is   the   figure   much 


0-3  0^4  0-5  0-6 

Capacity  in  10-^  farad. 

Fig.   II. — Variation  with  secondary  capacity  of  the  secondary  voltage  (magneto  No. 


9). 


Its  value  is  0-096  mfd.  The  no-leak  curve  shows  that 
a  slightly  better  performance  is  obtained  with  smaller 
capacities  than  this,  but  such  smaller  capacities  are  not 
permissible,  as  it  was  found  that  sparking  occurred  at 
the  contact-breaker  points.  The  ioo,ooo-ohm  curve 
Vol.  58. 


higher,  the  results  show  that  within  moderate  limits, 
say  o  to  2  ohms,  the  primary  resistance  has  Uttle 
influence  on  the  spark  voltage.  Beyond  2  ohms  the 
effect  is  much  more  marked,  as  the  resistance  then 
becomes  comparable  with  the  reactance  of  the  winding. 

34 


514 


BAIRSTO  :   THE   EFFECT  OF   SHUNTED   RESISTANCE    ON   THE 


Table  5. 

Effect   of  Alterations   of  Primary   Resistance. 
S-cylinder  Magneto  No.  9. 


Voltage  for  just  Regular  Sparking 

No  Leak 

volts 

Leak  =  i  megohm 

ohms 

volts 

0 

10,300 

8,300 

I-O 

10,200 

8, 100 

2-5 

9,700. 

8,000 

4-0 

9,100 

7,300 

5-0 

8,700 

7,000 

12^000 


lopoo 


8,000 


1  6,000 


-i 


4,000 


2,000 


Fig.  12 


Theoretical    Discussion 
dV 
It 

The  mathematical  .discussion  of  the  secondary  poten- 
tial of  an  induction  coil  or  magneto  coil  winding  has 
been  extensively  developed  by  Oberbeck,*  Rayleigh,t 
Dibberne,J  and  Taylor- Jones, §  but  the  case  of  a  resist- 
ance in  parallel  with  the  spark  gap  does  not  seem  to 
have  been  treated.  It  is,  however,  in  its  complete 
form,  one  of  some  complexity,  and  it  would  appear, 
so  far  as  the  author  has  carried  it,  to  be  so  involved  as 
to  be  of  very  little  use  for  the  purpose  of  calculation. 
A  verj'  simple  calculation  will,  how^ever,  give  some  idea 
of  the  order  of  magnitude  of  the  effect  of  shunt  leakage. 

•  Oberbeck  :  Wiedemann's  Annalen,  1897,  vol.  62,  p.  log. 
t  Rayleigh:  Philosophical  Magazine,  1901,  vol.  2,  p.  581. 
i  DiBBER.NE  ;  Annalen  der  Physik,  1913,  vol.  40,  p.  938. 

§  Tavlor-Jones  :  Philosophical  Magazine,  1909.  vol.  17,  p.  28;  1911,  vol.  22, 
p.  706:  1914,  vol.  27,  p.  565;  1915,  vol.  29,  p.  I  ;  and  191S,  vol.  36,  p.  145. 


The  above-mentioned  physicists  have  shown  that  the 
potential  rises  in  the  secondary  as  the  result  of  two 
oscillations  of  different  frequencies.  In  a  magneto- 
these  frequencies  are  usually  of  different  magnitudes, 
and  the  term  with  the  largest  amplitude  has  the  lowest 
frequency.  The  potential  therefore  takes  a  finite  time 
to  reach  its  maximum  value,  and  we  may  very  approxi- 

TTt 

mately  represent  it  by  Eo  sin ,   where  t^  is  the  time 

required    for    the    potential    to    reach    its    maximum 


2  3  4  5 

K?  of  secondary  windinfs  in  series 

-Effect  on  secondary  potential  of   the  variation  of 
secondary  inductance   (magneto  No.  9). 


The   Relation   Between 
AND  THE  Fall  of  Voltage. 


I 


o  0-5  l-o   10"  *  seconds  ''5 

Time  to  reach  max.  voltage 

Fig.  13. — Relation  between  rate  of  rise  of  potential  and 
percentage  drop  in  air  pressure  with  a  leak  of  i  megohm, 
for  various  types  of  ignition  systems. 

value.  Let  R  be  the  resistance  in  parallel  with  the 
spark,  then  during  the  whole  time  that  the  potential  is 
rising,  current  is  leaking  via  the  leak  and  the  total 
energy  so  wasted  is  equal  to 


E= 
R 


.-',,^Kt. 


2    to 


2R 


Now  to  as  found  from  rotary  spark-gap  tests  is  a 
quantity  of  the  order  of  lo— '  seconds.  Assuming  there- 
fore a  spark  potential  of  10,000  volts  and  a  shunt 
resistance  of  100,000  ohms,  the  total  energy  wasted  ii 
equal  to  o  •  05  joule.  Now  the  whole  energy  in  the  spark 
discharge  of  even  a  very  powerful  magneto  seldom 
exceeds  o-i  joule,  hence  a  leak  of  the  above  magnitude 
would  produce  such  a  drain  on  the  Umited  amount  of 
energy  available  that  the  potential  would  never  reach 
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10,000  \olts.  Hence  the  rate  of  rise  of  the  secondary 
potential  is  of  extreme  importance  when  considering  the 
efficiency  of  an  ignition  sj-stem  as  affected  by  plug 
leakage.  The  greater  the  rate  of  rise  of  potential,  the 
larger  is  the  leakage  the  system  will  stand  before  miss- 
firing. 

It  is  therefore  of  interest  to  see  how  the  effect  of  a 
small  leak  on  the  voltage  is  related  to  the  rate  of  rise 
of  potential  of  the  various  ignition  systems  under 
consideration.  This  relationship  is  depicted  in  Fig.  13, 
where  the  percentage  drop  in  air  pressure  for  a  shunted 
resistance  of  io'>  ohms,  from  that  given  with  no  leak, 
is  plotted  against  the  lag  of  the  spark  as  measured  on 
a  rotary  spark  gap.  This  gap  was  set  for  a  pressure 
of  12,000  volts,  and  the  reciprocal  of  this  lag  therefore 
gives  a  measure  of  the  mean  rate  of  rise  of  potential 
from  zero  time  up  to  this  voltage. 

Although  all  the  points  do  not  lie  on  the  fair  curve 
that  has  been  drawn  through  them,  the  general  nature 
of  the  results  is  quite  clear.  The  shorter  the  time  taken 
to  reach  the  peak  voltage,  the  less  is  the  drop  of  voltage 
from  its  value  when  no  leak  is  present.  The  differences 
between  the  actual  points  and  the  curve  are  easily 
accounted  for  by  the  fact  that  the  potential  waves  are 
by  no  means  similar  in  each  case,  and  in  some  cases 
the  wave  has  a  large  component  due  to  the  secondary 
rotational  electromotive  force. 

Approxim.me    Expressions    for    the    Secondary 
Potential   when    hie    Leak   is    I,arcf. 

We  have  obtained  in  the  previous  section  some  idea 
of  the  effect  a  moderately  sm.all  leak  of  the  order  of  a 
megohm  has  on  the  secondary  potential,  but  it  is  at 
present  impossible  to  \erify  the  results  by  calculation. 
In  the  case  of  a  fairly  large  leak  of  the  order  of  10,000 
ohms,  however,  we  can  obtain  with  no  great  difficulty 
an  e.xpression  for  the  secondary  spark  potential.  In 
this  case  the  admittance  of  the  secondary  for  currents 
having  frequencies  of  the  order  of  10,000  periods, 
i.e.  Cj />,  where  C2  is  approximately  100  mfd.  and 
p  =  2TT  y.  10,000,  is  about  6  x  10—*  mhos,  and  may  be 
neglected  in  comparison  with  the  leakance  produced  by 
a  shunt  of  10,000  ohms  or  less. 

Even  with  a  shunt  resistance  as  large  as  100,000 
ohms,  calculations  based  on  the  assumption  of  C2  =  o 
will  give  a  x'erj'  good  approximation,  since  the  total 
admittance,  that  is,  [C-  p'  +  i/R"]  is  only  iS  per  cent 
greater  than  i/R.  Moreover,  the  reactance  of  the 
winding,  L^  p.  being  of  the  order  of  50  =  2  tt  X  10+, 
or  3  X  lo*"  ohms,  is  so  much  larger  than  R  that  the 
presence,  or  otherwise,  of  a  londenser  of  the  above- 
mentioned  capacity  would  have  little  effect  on  the 
phase  difference  between  the  current  through  the 
shunted  resistance  and  the  secondary  electromotive 
force.  We  can  therefore,  with  confidence,  apply  the 
expressions  deduced  below  to  cases  of  leaks  up  to 
100,000  ohms.  Fig.  14  then  represents  our  scheme  of 
circuits. 

Let  L,  and  L,  be  the  values  of  the  inductances  of  the 
primary  and  secondary  winding  respectively,  Ci  the 
primary  capacity,  M  the  mutual  inductance,  and  Rj 
and  R  the  resistances  of  the  secondary  winding  and  of 
the  leak  respectively. 


The  resistance  of  the  primary  will  be  neglected,  as  we 
shall  be  principally  concerned  with  the  initial  rise  of 
potential,  and  not  with  the  subsequent  stages  of  dis- 
charge. That  is,  we  neglect  the  damping  due  to  the 
primary  resistance  as  having  only  a  small  effect  on  the 
maximum  value  of  the  potential.  The  experimental 
results  already  given  in  Table  5  justify  this  assumption. 

Let  JLp  and  Ej  be  the  values,  at  the  moment  of 
"  break,"  of  the  electromotive  forces  produced  in  the 
primary  and   secondary  windings  respectively   by   the 


rotation  of  the  armature,  and  Ej  and  E^  be  the  electro- 
motive forces  at  the  terminals  of  the  primary  capacity 
and  of  the  spark  plug  respectively. 


Then 


L.  /.  +  M  /,  +  E,  =  E. 


L,  i,  +  M  i,  +  (R  +  R.)  (2 
where  z,  =  Cy  E, 


(I) 
(2) 


Eliminating  i^,  E,,  E^,  and  E^  from  the  above  equations 
we  have 


(■-S':<^-t^>-. 


I  R  4-  R2  •. 


Assume  as  a  solution 


Then  p  is  given  by 


=  Ae/" 


(3) 
(4) 


M-  \  R  +  Rj  I  R  +  R, 

'  -  L.cj^^  +  -lt-^^  +  l;c-/  +  lTlIc;  =  °  (5) 

The  complete  solution  of  the  equations  is  too  com- 
plicated to  give  at  present.  Three  extreme  cases  only 
will  be  indicated. 

Case  I.     R  small.* 

We  can  neglect  the  second  and  fourth  terms  in 
equation  (5).     This  gives 


^^  =  L7c;(i~A^)     --d     />  =  o      .     .     (6) 

where  k'  is  the  coefficient  of  coupling. 

The    secondary    current    consists    therefore    of    two 
oscillatory  terms,  the  frequency  of  which  is  given  by 


(2  TT  ny  =  q-  =^ 


L,  C,  {I  -  k^ 


(7) 


Case  II.     R  moderately  large. 


*  I^  is  of  the  order  of  30-50  henries,  i.e.  L;./>  is  about  3  X  10^  ohms.  Our 
original  linutatioa  of  R  <  100,000  therefore  fits  in  with  this  case,  as  R  (/j  />) 
is  <  I  30. 
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In  this  case  we  can  neglect  the  first  and  third  terms 
in  equation  (5).     This  gives 


P'  = 


I-iC, 


Ca$e  III.     (i  —  k^)  =  o,  i.e.  for  perfect  couphnj; 
this  case  we  have 


(8) 
In 


P'  + 


UP 


+ 


L,C,  (R  +  R,)    '   L,  C, 


'■^     LiC,(R  +  R,)'^V  LLiC,(R  +  R,)J       L,Ci 


(9) 


(a)  If  (R  +  Rj)  >  L2/V  (Li  Ci),  the  current  waves  are 
oscillatory  and  have  a  frequency  given  approximately 

by 

(,^„).  =  ,=  =  _L_ 

(b)  If  (R  +  Rr;)  <  L-,/v'(L,  Ci),  the  current  waves  each 
consist  of  two  terms  following  an  exponential  law  with 
respect  to  time. 

Only  Case  I  and  Case  III  (h)  need  be  developed,  i.e. 
for  the  case  of  a  very  leaky  sparking  plug. 
Developinenl  of  Case  I. — We  may  write 


and 


jj  =  Ui  e/-.'  +  V,  efc'  +  Wi  e/'a' 


R  +  R^ 


(10) 
(II) 


where  />,,  />,,  p^  are  the  roots  of  equation  (5). 

As  indicated,  the  first  approximations  to  these  roots 
are  o,  qj,  —  qj.  These  approximations  neglect  the 
damping.     A  second  approximation  may  be  written 


12) 


#1=  - 
p2=  - 

•■■   {P-P.){p-P.){p-Pi]=0 

=  {p  +  a-qj)  {p  +  a  +  qj)  ip  +  c) 

.-.  pi+p'(2a+c)+p{a'  +  q^  +  2ac)+c{a^  +  q-)=o     (13) 

Comparing  the  coefficients  of   p^  and  p"  with  those 
of  equation  (5)  we  hav-e 


2 

a  +  c  = 

R  +  R. 
Lz 

a^ 

+  q')-- 

R  +  R. 

T       T       f' 

I  -  A= 

I 


R  +  R^ 


k- 


Now  q  is  of  the  order  of  lo*  and  (R  +  R2)/Lj  is  by 
hypothesis  never  greater  than  100,000  -:■  Lj,  i.e.  about 
2,000  or  less.  We  can  therefore  neglect  a-  in  comparison 
with  q^ 

R  +  R, 
•    -■-  " (14) 


U 
R  +  R, 


k- 


(15) 


Substituting  (jo)  and  (11)  in  (2)  we  obtain  an  itjentity 


which  must  be  satisfied  for  all  values  of  t,  and  therefore 
we  must  separately  have 


M^,  U,  +  (L,^,  +  R  +  R,)  U,  =  o' 
M^j  V,  +  (U  p^  +  K  +  R,)  V,  =  o 
Mp^  W,  +  (L3  />3  +  R  +  R,)  W3  =  o^ 

Now  L^pi  and  L^p^  are  >•  (R  -f  R,),  and 

{L,Pj  -1-R  +  R^)  =  0 


(16) 


and 


M 


(17) 


The  constants  Ui,  V,,  W,  are  determined  bv  the 
conditions  that  at  /  =  o,  ;';  =  I^,,  i^  =  Es/(R  +  Rj),  and 
Ej  =  E^. 

The  first  two  give 

lo  =  U,  +  V, 

o  =  U^  =  Vj  =  W, 

The  third  gives  by  supplying  (10)  and  (11)  in  (i) 
and  putting  /  =  o   in   the   resulting  expression, 

Li  {V,P,  +  y,p,)  +  M  (U,p,  +  \\p,  +  W^^j)  =.  o 

Hence  we  have 

a  U2  +  a  Vj  +0  =  lo 

U,  +  V,  +  W,       =.  o 

P,  U,  (M  +  L,  a)  +  p,  \\  (M  +  L,  a)  +  p^  W,  =  o 


The  solutions  are 

MI„ 

2L, 

MIc 
2L, 
MIo 
L. 


V3  =  -  ■ 
W,  : 


1  + 


L^q  1 

R  +  R, 


*V2    ■ 


Lj(y 


I  —A  2/2  .■ 


Supplying  in   (11)  and    re-writing   in  terms  of  cos  q  t 
and  sin  q  t  we  have 


R  +  R,  >"   U  L 

R  +  R, 


[-"'-I  cos qt 
I  -  A^  2 


L2? 


sin  (J 


'IJ 


(18) 


The  sinqt  ternt  is  only  of  importance  if  k^  is  very 
nearly  equal  to  unity  and  (R  +  Rj)/(L2  c/)  large.  We 
can  therefore  in  most  cases  neglect  it.  Putting  E,  =  R  i^ 
we  haA'e 

R       „       M  lo  R  , 


E,  = 


R  +  R; 


E.+ 


[e 


■  e~"  cosy /]  .    (19) 


Ej  has  its    maximum  value  at    a    time  /g,  where  1^  is 
given  approximately  by  /q  =  77/17 


I.e.      Li^2jma.x.        -r- 


RE, 


MInR 


R 


j^   +  -^ — ie-"-? +  €-"'?]   . 


20) 


In  applying  this  to  the  case  of  a  magneto  winding, 
it  should  be  noticed  that  after  the  "  break  "  of  the 
primary  current,  the  secondary  is  in  series  with  the 
prima,ry.     The   effect    of   this   may  be   approximately 
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allowed  for  by  putting  M  +  Lj  for  M,  and  L^  +  Lj  +  M 
for  L;.  in  equation  (20).  Since,  however,  M  is  usually 
about  50  to  100  times  larger  than  L,,  and  L^  bears 
about  the  same  ratio  to  M,  we  may  neglect  the  above 
correction. 

Development  oj  Case  III  (b).     (1  —  k-)  —o. 


We  have 


where 
{a,  b)  = 


R  +  R, 


-U 


^■\/L-L. 


L2 I  ^_  _^_ 

12l7c(r  +  r;)[     l,  Cj 


2L.Ci(R  +  R,) 
Substituting  these  values  in  (i)  and  (2)  we  obtain  an 


Ej  has  its  maximum  value  at  I  —  Iq  when 


ae" 


[E.]n 


E.R 


■.be'"' 
■     I,      b 

Mr„R 


ay/* 

b) 


(22) 


•R+R,   '       L, 

Both  terms  in  the  bracket  are  less  than  unity  and 

/R  4-  RA== 
their   difference   rapidly    decreases   as   I  — :z I    L,  Ci 

increases. 

Curves  Illustr.\ii.\c.  the  Mathematical  Discussion. 

In  order  to  make  the  mathematical  discussion  clearer 

a  number  of  E.M.F.  curves  have  been  worked  out  for 


3P00 


zpoo 


2  3 

Time  in  16"*  seconds 

Fig.   15. — Curves  of  secondary  potential  (with  various  leaks)  calculated  from  equation~(i9),  k'  =  o-8. 


identity   which   must  be   satisfied   by   all   values   of   t, 
and  therefore  we  must  separately  have 

M  Aj  =  C,  (R  +  R,)  Li  a  A, 
MBi  =  Ci(R  +  R,)L,6A, 

The  constants  X^,  Bj,  A^,  B^  are  determined  by  the 
initial  conditions  /  =  o,  f'j  =  Iq,  i^  =  Ej/R  +  R2, 

.-.  I„  =  Ai  +  Bi     and     o  =  A,  +  B, 
MI„ 


A,  =  -  B, 


L,  Ci  (a  -b)(R  +  R,) 


As  L,'(R  +  R2)-y'(L,  Cj)  is  ^  unity  we  have  the  sim- 
plified expressions 

R  +  R3 


L^ 


b=. 


L,C,(R  +  R.) 


E=       '        +        °      [6-nR  +  R^l.U_g-iL^[L.CaR  +  R,)]]    .     (21) 

tv-f-iV2  1^2 


various  values  of  the  electrical  constants.  In  all  the 
cases  to  be  considered  no  account  is  taken  of  the 
rotational  electromotive  force. 

Fig.  15  presents  three  curves  calculated  from  equation 
(ig),  k'  has  been  chosen  as  o-8  and  q  —  25,000  =  2  ttk. 
The  ordinates  represent  the  voltages  corresponding  to 
unit  M  and  unit  Iq.  The  curves  are  very  rapidly 
damped,  and  this  damping  naturally  increases  as  R/Lj 
increases.  The  points  of  ma-ximum  electromotive  force 
practically  coincide  with  those  of  (i  —  cos  ql). 

In  Fig.  16,  k^  has  been  kept  constant  as  before  at  o  •  8  ; 
R'L,  is  also  constant  at  a  value  of  2,000  ;  and  a  series 
of  curves  drawn  for  different  values  of  the  frequency 
or  q. 

As  before,  the  ordinates  give  the  volts  for  unit  M  and 
unit  lo.  It  should  be  noticed  how  rapidly  the  height 
of  the  initial  peak  falls  as  the  frequency  decreases. 
This  is  more  clearly  shown  in  Fig.  17,  where  the  maximum 
values  of  E,  as  deduced  from  Fig.  16  are  plotted  agamst 
q.  In  Fig.  16,  all  the  waves  are  bounded  by  the  two 
exponential  terms  of  equation  (19),  the  top  curve 
corresponding  to  the  limiting  value  of  q  =  00,  and  the 
lower  one  to  the  limiting  value  oi  q  =  o. 
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The  greater  the  resistance  of  the  leak  the  more  does 
the  drop  of  potential  depend  upon  the  frequency.  If 
the  leak  resistance  is  small  the  potential  is  controlled 
almost  entirely  by  the  ratio   M  Iq  R/L.     This  is  easily 


of  Fig.  19.  This  curve  shows  the  interesting  feature 
that  at  a  certain  k-  very  nearly  equal  to  unity,  /  (/) 
is  actually  smaller  than  when  A-  =  i.  It  is,  however, 
not  a  very  practicable  case. 


4,000 


2,000 


Time  in  lo"'*  seconds 

Fig.    16. — Curves  of  secondary  potential  E.,  calculated   from   equation   (19),  .showing  effect   of  frequency,  q  =  2-!rn. 


seen  bjt  inspection  of  equation   (20).     The  quantity  in 
the  bracket  may  be  written  approximately 


[g -"':'«   -J-   £-  Ta?]   =  2  —       [C  +a) 

77/R  +  RA/      ,        ifr 


The    factor   involving    k-    \'aries    in    crdinaiy    ignition 
systems  between  1-5  and  3.     Hence  if  R  +  R,  is  only 


$  ^,0()0 


S 

3  1,000 


Luni1 

iiig  ViUue 

iuv  q-oo' 

■ 

/ 

^ 

/ 

oC.=  2,000 
A^o-8 

LURltXTlg 

value  to 

q=o 

.10.0t)U        bo.oo(> 

({'Zirn 


Fig.    17. — Showing  effect   of   frequency  on    maximum  value 
of  secondary   potential   (deduced   from   Fig.    16). 

about  1 /300th  of  L^  g,  the  above  expression  will  only 
differ  from  2  by  about  i  per  cent. 

To  show  how  the  results  vary  with  the  degree  of 
coupling  between  the  primary  and  secondary  windings, 
the  curves  in  Fig.  18  have  l^een  drawn  for  various 
values  of  k-.  The  other  constants  have  been  supposed 
to  vary  so  as  to  keep  the  frequency  constant.  As  the 
coupling  increases,  the  peak  value  of  /  (i)  decreases, 
and  when  k  approaches  unity,  becomes  only  about 
half  the  value  it  has  when  k  is  very  small.  The  maximum 
values  of /(/)   have  been  plotted  in   the   upper  curves 


In  the  last  paragraph  we  have  only  considered 
the  variation  of  /  {/)  with  k-.  In  order  to  see  how  the 
maximum  \-oltage  varies  with  k-,  we  should  use  the 
product    of    k   and  /(/),  as  M  will    be  proportional  to 

4,000 


3,000 

2,000 


A  ^-0-6 

2L,  V?  Coiq-t] 

/o:95\\ 

/  9^ 

y=  50,000 

y    -^=  2,000 

// 0-9 

\  4 

\L=i 

\^ 

^  =  0-95 

/six 

'   '/ 

^^^~^=^-^ 

■^ 

11 

1,000 


o 

3,000 


2,000 
1,000 


O  12  3 

Time  in  10'*  seconds 

Fig.  18. — Curves  of  secondary  potential  tor  various  degrees 
of  coupling,  as  calculated  from  equation  (19),  5  =  50,000. 
Constant  leak. 


k,  L,  and  L^  being  kept  constant.  The  variation  of  this 
quantity  is  shown  in  the  lower  curve.  It  will  be  seen 
that  it  has  a  maximum  value  at  about  A-  =  o-8,  but 
the  curve  is  fairly  flat  over  quite  a  wide  range. 


Hi 
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In  the  limiting  case  of  k^  ^  i,  the  curves  are  much 
simpler,  as  there  are  of  course  no  oscillations.  Four 
typical  curves  are  given  in  Fig.  -20.  The  greater  is  R/L,, 
the  greater  is  the  damping.     Comparison  of  the  curves 


^00 


.__//^> 

^ 

j:^ 

/ 

v 

"1,000 


2,000 :5 


Fig. 


k-'    i-o 

[9. — Variation  with  It-  of  maximum  values  of  /(/)  and 
f(t)  X  k.     (Values  taken  from  Fig.  18.) 


with  those  of  Fig.  15  shows  that  for  the  same  R/L,  the 
voltage  is  practically  only  half  what  it  is  when  the 
electromotive  force  is  built  up  b\'  means  of  an  oscillation. 

Comparison  of  Calculated  with  Measured  Values 
OF  Secondary  Potential. 
The  general  conclusions  from  the  above  theoretical 
discussion    are    in     substantial     agreement     with     the 

5,000 


-li.OOO 


conclusion  that  E^  is  inversely  proportional  to  L,  when 
the  leak  is  large.  As  regards  the  effect  of  capacity, 
increasing  either  C,  or  C,  decreases  the  frequency  and 
therefore  should  decrease  the  voltage.  In  Fig.  11 
this  effect  is  observed,  but  in  Fig.  10  it  is  not  so  marked. 
Still  the  general  tendency  of  all  the  cui"\'es  is  downwards. 
We  shall  now  take  an  actual  magneto  and  compare 
its  calculated  performance  with  its  measured  one.  The 
machine  used  was  a  I:!ritish  Thomson-Houston  A.V.8 
inductor-type  magneto  with  fixed  ignition.  It  had  the 
following  electrical  constants  : — 

Lj  =  0-0078  henry  at  3  amperes, 
L_  =  28  henries  at  50  miUiamperes, 
M  =  0-415  henry  at  3  amperes  in  primary, 
>-20  X  10—''  farads. 


also 


Cj  ^  0-20  X  I 
R,  =  16,500  ohms. 
^-  =  0-78  ;   q  =  54,000 
Iq  =  3 '75  amperes. 


All  the  inductances  were  measured  with  "  break  " 
currents  of  the  amounts  stated.  It  should,  however, 
be  mentioned  that,  for  accurate  calculation,  we  should 
really  use  the  values  obtained  with  high-frequency 
currents  ha\'ing  frequencies  of  the  order  of  10,000. 
\\'e  are  mainly  concerned,  however,  with  the  ratio  M/L,, 
which  may  be  assumed  to  be  independent  of  the 
frequency,  and  the  effect  of  the  alteration  of  L^  with 
frequency  will  be  neglected  in  calculating  g. 


3,000 
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=0 
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Fig.  20. — Curves  of  secondary  potential  with  various  leaks  calculated  from  equation  (21). 

Perfect  coupliag,  ft-  =  i. 


experimental  results.  Thus  both  theory  and  experiment 
agree  as  regards  the  beneficial  effect  of  having  as  high 
a  frequency  as  possible.  Again  Fig.  12,  showing  the 
effect  of  altering  L,,  is  in  direct  agreement  with  the 


R,  was  measured  bj'  a  bridge  method  at  a  frequency 
of  approximately  500  cycles  per  second. 

Table  5  gives  the  calculated  and  measured  results. 
The  results  are  also  shoun  graphically  in  Fig.  21. 


520 


BAlRSTO:    THE   EFFECT   OF   SHUNTED   RESISTANCE   ON   THE 


Eb  was  calculated  from  equation  (20),  whilst  Er  was 
obtained  from  the  wave  shape  of  the  secondary  electro- 
motive force  of  rotation  and  is  that  ordinate  of  the 
wave  which  corresponds  to  the  time  at  which  the 
primarj'  "  break  "  occurs.* 

With  low  resistances  the  agreement  between  the 
experimental  and  calculated  figures  is  very  good,  the 
difference  at  10,000  ohms  being  only  11  per  cent.     With 


force     of    the 


Magneto. — The     total     electromotive 
machine  may  be  written 

E,  =  Eb+Er 

where  the  first  term  is  due  to  the  "  break  "  of  the 
primary  current  and  the  second  one  is  the  secondary 
rotational  electromotive  force,  \^'e  shall,  for  the 
moment,  neglect  the  effect  of    frequency  and  assume 


Table  5. 


Resistance  of  Leak 

E»  Calculated 

Ei<  Measured 

E,  (calculated) 
=  Eu  +E« 

E;  Measured 

Diflerence 

ohms 

volts 

volts 

volts 

volts 

per  cent 

100.000 

7,400 

720 

8,120 

5.650 

31 

75,000 

0,050 

650 

6,700 

4,700 

30 

50,000 

4.350 

520 

4,870 

3.650 

25 

25,000 

2,350 

360 

2,710 

2,250 

17 

10,000 

970 

210 

1,180 

1,050 

11 

5,000 

500 

140 

640 

580 

9 

higher  resistances  the  diflerences  are  more  niarked  ; 
but  seeing  that  only  approximate  values  of  Li  and  L, 
have  been  used,  the  differences  are  no  more  than  were 
to  be  expected. 


this  to  be  sufficiently  great,  so  that  we  get  the  maximum 
effect,  or 

_    .     2MRI„ 

Er  = 


L, 


10,000 


O-OI  0-02  0-03         0-04         0-05         0-06         0-07         0-08 

Resistance    of  leak  in  megohms 


0-09 


0-10 


Fig.  21. — Relation  between  calculated  and  measured  secondary  potentials  for  various  leaks. 


Further  work  on  this  matter  will  have  to  be  reserved 
until  accurate  methods  of  measuring  the  various 
inductances  with  moderately  high-frequency  currents 
have  been  devised  and  the  variations  of  these  quantities 
with  current  have  been  studied. 


Some  Applications  of  the  Previous  Results  to 
THE  Design  of  an  Ignition  System. 

\\'e  shall  now  see  what  help  the  above  theoretical 
discussion  gives  us  in  designing  the  windings  of  an 
ignition  system. 

•  The  wave  shape  was  obtained  by  means  of  the  author's  high -speed 
synchronous  contact  maker. 


Let      0  =  the  flux  through  the  armature   core, 
Ni  and  N,  =  the  primary  and  secondary  terms  respec- 
tively, 
/  =  the  length  of  the  armature  windings, 
V  =  the  average  peripheral  speed  of  the  wind- 
ings. 

Then  we  may  write  Li  =  a^  Nj  /, 
L,  =j8^N",/, 
and  M  =  aj8NiN,/^. 

Also  very  approximately  \\e  may  neglect  the  effect  of 
the  resistance  of  the  primary  and  put 

e^     0n,  k;        0       A0 


l.^ 


a 


^iP      a' Nip  I        o'Ni 


^N, 
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where  A  depends  upon  the  geometrical  configuration  of 

the  magnetic  circuit. 

2aj8AN,N,A/RA^      2A     <t>k^ 

Also  approximately 

Er  a:  $,  N^  J//  =  C  N^  n  l<f, 
where  C  is  a  constant. 


R  +  N^«/C    0 


ed  sj 


so  that  for  any  fixed  speed,  E^  may  be  written 
k  ^ 


0 


sidering  only  the   main   component   Eg,  we   have  the 
following  results  : — 

(i)  Eb  is  directly  proportional  to  the  coupUng. 

(2)  Eb  is  inversely  proportional  to  number  of  second- 

ary turns. 

(3)  Eb   is   independent   of   the    number   of    primary 

turns. 

We  assumed  in  the  beginning  that  for  a  maximum 
effect  q  was  large.  This  may  be  obtained  by  varj-ing 
either  L,,  Ci,  or  k,  by  making  the  first  and  second  as 
small  as  possible  or  the  third  as  large  as  possible,  always 
bearing  in  mind,  however,  that  there  is  an  upper  limit 
to  k  above  which  Eb  decreases  again. 

Battery  and  coil  systems. — Here  the  primary  electro- 
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0-3  0-4  0-5  0-6  0-7  0-8 

Resistance  of    shunt  in  megohms 

Fig.  22. — Effect  of  leakage  on  secondary  E.M.F.  of  rotation. 
Speed  =  1,800  r.p.m. 


In  this  expression  a  depends  only  on  the  magnetic 
circuit,  while  6  is  a  function  of  the  shunt  resistance. 
The  variation  with  R  of  the  peak  secondary  rotational 
electromotive  force  is  sho^\n  in  Fig.  22  for  several 
representative  types  of  magnetos.  The  curves  show 
only  a  gradually  falling  voltage  down  to  about  20,000 
ohms,  after  which  the  rate  of  fall  is  much  faster.* 
On  the  other  hand  Eb  is  practically  proportional  to  R. 
There  is  therefore  some  particular  small  value  of  R 
a^t  which  the  two  curves  cross  one  another  and  Er 
becomes  of  more  importance  than  Eb.  It  is  partly 
for  this  reason  that  magnetos  are  much  better  than  the 
battery  and  coil  systems,  inasmuch  as  their  electro- 
motive force  starts  off  with  the  initial  advantage  of 
ha\'ing  a  large  component  which  is  not  unduly  affected 
by  the  leak. 

Returning  to  the  above  expression  for  E,  and  con- 

*  The  peak  of  this  E.M.F.  wave  does  not  always  occur  quite  in  phase  with 
the  electromotive  force  due  to  the  break.  The  actual  magnitude  of  the  rota- 
tional electromotive  force  wUl  therefore  be  some  proportion' of  the  peak  value, 
depending  upon  the  position  of  the  timing  lever. 


motive  force  is  constant  and  equal  to  E.     Very  approxi- 
mately we  have 

E 
^°'^i-^ 

a^N,N./ft  E 


.-.  E,  3C 


jS^N^/  a^N\lp 


R 


E  ft 

■'■  ^'''^  a^Jp'  %W,^ 

In  both  cases  therefore  it  is  important  that  N,  be 
made  as  small  as  possible.*  This  result  it  should  be 
noticed  is  contrary  to  that  required  for  obtaining  the 
maximum  potential  when  there  is  no  leak  on  the  system. 
In  the  latter  case  it  is  desirable  to  make  the  number  of 
secondary  terms  as  large  as  possible. 

It  must  be  clearly  understood  that  the  expressions 
obtained  above  are  only  to  be  regarded  as  first  approxi- 
mations.    They  can  therefore  be  used  only  as  a  guide 

*  Provided,  however,  as  shown  above,  L2  f  is  kept  large  compared  witJi  |^ 
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to  help  us  in  the  right  direction.     Some  further  tests 
will  be  given  in  a  later  paper  in  which  the  direct  effect 

of  altering  N^  will  be  studied. 

APPENDIX. 

Some  Tests  of  the  Surface  Dielectric  Resistance 
OF  Leaky  Plugs  that  have  been  in  Use  on  an 
Engine.  • 

In  order  to  obtain  some  data  as  to  the  magnitude 
of  the   electrical  leakage   with  spark  plugs   that   have 


(i)  The  "  Megger  "  test  gives  a  value  of  the  insulation 
resistance  which  is  much  higher  than  the  high-voltage 
test. 

(2)  The  hot  high-voltage  test  gives  a  value  which  is 
in  most  cases  lower  than  that  given  by  the  cokl  test. 
There  are  two  exceptions  to  this  rule,  viz.  plugs  Nos. 
5  and  6.  Inspection  of  the  plugs  showed  that  the 
effect  of  heat  and  high-tension  current  had  been  to 
burn  away  part  of  the  carbon  deposit,  thus  improving 
the  insulation.  For  a  normal  carbonized  plug,  the 
insulation  resistance  at  300°  C.  is  roughly  about  one- 


Table  6. 


Spark  Plug 

Resistance  of  Plug 

Time  of 
Run  on 

Engine 

Make 

Type 

"Megger" 
Test  Cold 

H.T.  Test,  Cold 

H.T.  Test  at  300=  C. 

Condition  of  Plug 

No. 

\-olls 

Equivalent 
R 

Volts 

Equivalent 
R 

megohms 

Megohms 

Megohms 

hours 

• 

I 

Lodge 

A 

>  40 

9.450 

2-90 

8,700 

1-05 

— 

Dry  carbon  deposit 

2 

Rev 

Porcelain 

>  30 

9.450 

2 -So 

8,900 

I -60 

i7i 

Clean  surface 

3 

Joly 

B3 

>    40 

9,150 

I -70 

7,900 

0-67 

31 

Clean  surface 

4 

Lodge 

A 

>   40 

9.450 

2-9 

8,700 

1-05 

57 

Clean  surface 

5 

Lodge 

A 

o- 1 

2.450 

0-045 

6,200 

0-29 

- 

Clean.    Apparently  sparking 
across      insulation. 
Improved  with  heat 

6 

Lodge 

A 

>    40 

8,600 

I  -GO 

8,400 

0-90 

44J 

Dry  carbon  deposit 

7 

Lodge 

A 

>    40 

8,450 

0-93 

8,500 

0-95 

5J 

Dry  carbon  deposit 

8 

Lodge 

A3 

0-8 

}>  40 

5,800 

0-25 

4,800 

0-15 

49i 

Very  dirty  and  oily 

9 

PonsotJ 

Rotary 
air  cooled 

5.500 

0-2I 

4.300 

0-I2 

22 

Dry  and  clean 

10 

Rev 

Porcelain 

006 

8.350 

0-90 

6,100 

0-28 

22 

Carbon  deposit 

II 

Jipe 

No.  8 

o-8o 

6,500 

0-30 

5,000 

0-17 

— 

Dry  carbon  deposit 

12 

Oleo 

27  G 

0-03 

2,000 

0-03 

1,200 

0-017 

2i 

Very  oily  and  dirty 

caused  missfiring  on  engines,  a  series  of  such  plugs  were 
submitted  to  the  following  tests  : — 

(i)  "Megger"  insulation  test   (500  volts),  cold. 

(2)  Test   of  leakage   with   voltages   of  about    10,000. 

Plug  cold. 

(3)  A   similar  test   with   the   plug  at   a   temperature 

of  300°  C. 

The  high-voltage  tests  were  taken  in  a  manner  similar 
to  that  described  on  page  507.  The  magnet  owas 
calibrated  by  finding  the  relation  between  the  secondary 
voltage  and  leak.  The  plug  was  then  connected  to  the 
magneto  and  the  air  pressure  raised  until  it  was  just 
regularly  sparking.  The  corresponding  peak  voltage 
was  read,  and  from  the  calibration  curve  the  equivalent 
conductance  of  the  plug  was  read  off. 

The  temperature  tests  were  made  with  a  pressure 
cylinder  having  an  inside  double  tube  heated  by  means 
of  a  specially  constructed  Bunsen  burner.  The  tem- 
perature was  ready  by  means  of  a  calibrated  thermo- 
j  unction. 

The  results  of  the  tests  are  given  in  Table  6.  The 
following  points  should  be  noticed  : — 


third  to  one-half  what  it  is  at  atmospheric  tempera- 
tures. 

(3)  Missfiring  on  an  engine  takes  place  when  the 
plug  insulation-resistance  is  somewhere  between  lo-*  and 
io5  ohms.  In  the  above  tests  no  attempt  was  made  to 
keep  the  plug  supplied  with  carbonized  oil,  etc.,  so  that 
the  insulation  resistance  would  be  higher  than  in  the 
engine. 

A  large  number  of  other  plugs  that  had  been  used  on 
engines  for  periods  up  to  24  hours  and  had  not  yet 
caused  missfiring  were  tested,  and  in  very  few  cases  was 
the  insulation  resistance  more  than  i  megohm.  The 
general  deduction  from  the  tests  was  that  the  average 
resistance  of  a  sparking  plug  after  a  moderately  long 
run  was  of  the  order  of  200,000  ohms.  Therefore, 
unless  the  ignition  system  can  stand  a  leak  of  this 
magnitude,  missfiring  will  take  place  very  early  in  the 
life  of  the  plug.  The  above  result  can  only  be  taken 
as  a  general  all-round  estimate.  It  will  depend  upon 
the  design  of  plug  and  the  particular  engine  it  is 
used  on. 

In  conclusion  the  author  desires  to  express  his 
thanks  to  his  assistants,  Messrs.  N.  Ridgeway  and  R. 
McLeod,  for  considerable  Jielp  in  taking  the  observations. 
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By  F.  S.  Grogan,  Member. 

{Abstract  of  Address  delivered  at  Loughborough,  3  February,   1920.) 


In  this  Address  I  propose  to  draw  upon  my  experience 
in  life  to  touch  briefly  upon  the  electrical  engineer,  his 
training,  work,  and  legal  status. 

The  Engineer's  Training. 

A  point  I  wish  to  emphasize  is  that  the  boy  destined 
to  become  an  engineer  should  be  entered  at  the  earliest 
date  on  the  Science  side  of  a  school  rather  than  on  the 
Classics  side.  I  submit  that  the  early  study  of  physics 
is  a  sure  means  to  the  improvement  and  development 
of  the  mental  faculties.  The  education  of  the  mind 
must  be  also  more  rapid  than  with  classical  studies. 

The  advantage  of  such  a  school  training  is  that  a  boy 
is  fitted  to  receive  technical  education  at  the  various 
engineering  colleges  and  universities.  The  successful 
student  may  generally  after  a  three  years'  course  at 
such  a  college  obtain  a  diploma  which  becomes  a  valuable 
asset,  more  especially  when  the  college  selected  is  one 
in  which  professors  are  appointed  not  only  upon  their 
scientific  attainments  but  on  account  of  their  practical 
knowledge. 

Having  secured  a  diploma  the  young  engineer  is  now 
at  the  most  difficult  part  of  his  career.     He  has  the 
choice  of  remaining  at  college  for  research  work  or  of 
seeking  an  appointment  in  either  a  works  or  engineer- 
ing   otifices.     With    money    both    are    easily    obtained, 
but   successful   research    work   requires   special   ability. 
The  difficulty  in  entering  works  is  due  to  a  want  of 
co-operation  between  the  engineering  colleges  and  the 
manufacturing    or     municipal     works.     With    such     a 
training  it  should  not  be  necessary-  to  pay  a  premium  to 
enter  a  works.     A  better  plan  is  the  payment  of  a  small 
salary  throughout  a  two  years'  pupilage,  during  which 
period  the  young  engineer  goes  through  the  transition 
stage  from  student  to  engineer.     I  hope  that  one  of  the 
immediate  results  of  the  escablishment  of  new  Terri- 
torial Centres  and  Sub-Centres  will  be  to  attract  into   1 
the   Institution   many  Students  at   an   earlier   age,   so 
that  every  Centre  or  Sub-Centre  may  have  a  Students'    j 
Section  attached.     One  of  the  objects  of  those  Sections    ' 
should  be  to  help  the  Students  to  obtain  appointments. 
There  are  many  subjects  which  do  not  enter  into  a 
college  course,  and  personally  I  do  not  think  it  desirable 
to    add    such   subjects.     I    refer   to    book-keeping   and 
ability  to  understand  a  balance  sheet  ;    Company  Law 
and  secretarial  duties  in  connection  therewith  ;    works 
organization  ;    sales  organization  for  home  and  export 
trade,    and    general    business    methods.     The    trained 
engineer  can  easily  acquire  all  the  necessary  knowledge 
of    such    subjects    and    many    others    should    his    work 
require  him  to  have  such  knowledge. 

I   want  to  make  it   perfectly  clear  that   the   course 


advocated  is  that  which  in  my  view  will  be  the  most 
useful  to  those  whose  ultimate  object  is  to  become 
professional  engineers.  There  are,  of  course,  many 
subsidiary  vocations  associated  with  engineering  works 
and  offices  where  the  training  acquired  in  factory  and 
office  will  be  all  that  is  required,  but  such  positions  are 
not  necessarily  filled  by  electrical  engineers.  The 
term  "  electrical  engineer  "  is  used  by  the  public  Press 
in  altogether  too  broad  a  sense  and  should  be  limited. 
1  will  return  to  this  subject  when  deahng  with  the 
engineer's  status. 

The  Engineer's  Work. 

Let  us  consider  for  a  moment  the  accepted  definition 
of  the  engineer  as  one  who  "  directs  the  sources  of 
power  in  Nature  for  the  use  and  convenience  of  man." 
With  the  same  hne  of  thought  we  may  truly  say  that 
the  electrical  engineer  "  transforms  the  sources  of  power 
in  Nature  into  electrical  potential  energy  for  conversion 
at  his  will  into  every  other  known  form  of  energy  for 
the  use  and  convenience  of  man."  He  transmits  that 
energy  and  converts  it  with  the  maximum  efficiency. 

The  enormous  scope  of  this  work  makes  it  imperative 
that  directly  an  opportunity  presents  itself  the  young 
engineer  should  begin  to  specialize  in  one  of  the  many 
branches.  Whether  he  takes  up  manufacturing  work 
or  power-station  work  he  will  soon  learn  that  there 
are  again  two  divisions  of  each  branch,  the  purely 
technical  and  the  commercial.  It  is  to  be  regretted 
that  the  remuneration  of  technical  appointments  is, 
on  the  whole,  at  too  low  a  scale,  but  there  are  signs 
of  improvement.  Nevertheless  it  is  a  well-known  fact 
that  the  technical  man  with  commercial  abilitv  will 
readily  command  a  higher  salary-.  It  is  a  good  thing 
for  the  industry  that  all  the  larger  engineering  firms 
almost  universally  employ  commercial  representatives 
ha\'ing  a  full  technical  knowledge.  It  is  also  most 
desirable  that  the  manager  of  an  electrical  supply 
authority's  undertaking  should  have  not  only  the 
technical  knowledge  to  run  the  works  efficiently,  but 
also  a  sound  commerical  experience  to  develop  sales  in 
his  area  for  the  use  of  electrical  apparatus  in  our  homes. 
I  am  convinced  that  having  secured  a  thorough 
knowledge  of  his  subjects  in  any  branch  of  electrical 
engineering  the  Opportunity  will  present  itself  sooner 
or  later  to  every  engineer.  The  secret  of  success  is  to 
meet  one's  fellow-men,  and  this  Sub-Centre  should  be 
such  a  meeting-place. 

From  such  early  work  one  emerges  through  many 
paths  to  the  position  of  consulting  engineer,  professor 
at  a  university.  Government,  or  public  official,  or 
director  of  a  company.     Whatever  be  the  final  position 
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occupied  by  each  one  of  us,  we  must  keep  in  mind  that 
we  are  all  members  of  one  of  the  most  important  pro- 
fessions in  the  country.  Each  one  of  our  personal 
problems  must  bear  a  close  relationship  with  those  of 
his  fellow-members.  It  is  essential  for  our  mutual 
advancement  that  we  should  meet  to  exchange  ideas, 
and  the  opening  of  this  Sub-Centre  will  I  am  sure  be 
welcomed  heartily  on  every  side. 

To  illustrate  this  relationship  I  could  not  give  a 
better  example  than  one  taken  from  my  own  branch 
of  the  manufacture  of  domestic  heating  and  cooking 
apparatus.  From  records  taken  over  the  last  four 
years  I  have  consumed  electricity  for  lighting,  heating, 
and  cooking  purposes  to  the  extent  of  4,400  units  per 
annum.  Now  had  I  used  electricity  for  lighting  only 
the  average  consumption  would  have  been  but  200  units 
per  annum.  That  is  a  net  gain  to  the  supply  authority 
of  4,200  units  sold  to  one  house  only.  On  this  basis, 
and  assuming  that  only  a  moderate  proportion  of 
lighting  consumers  were  persuaded  to  adopt  electric 
heating  and  cooking,  the  annual  output  of  many  power 
stations  would  be  at  least  doubled. 

It  will  be  seen  how  the  activity  of  the  supph'  authority 
must  help  the  manufacturer  of  domestic  apparatus, 
and  the  latter  helps  the  former  by  producing  reliable 
apparatus.  This  activity  in  turn  reacts  upon  all  other 
manufacturers  of  power-station  plant,  cables  and 
accessories.  Further,  in  everv  case  the  load  factor  of 
the  station  w-ould  be  considerablv  improved,  resulting 
in  the  possibility  of  a  cheaper  supplv.  This  again 
increases  the  possibility  of  further  similar  connections. 

One  already  finds  that  the  more  progressi\-e  supply 
authorities  are  taking  advantage  of  the  clause  in  the  new 
Electricity  Supply  Act  giving  power  to  such  authorities 
to  hire  out  apparatus  to  the  public.  From  personal 
experience  over  many  years   I  am  convinced  that  by 


hiring  out  domestic  apparatus  in  the  first  instance  the 
confidence  of  the  public  is  quickly  secured  and  a  rapidly 
increasing  demand  obtained,  not  only  for  hired  appara- 
tus, but  for  apparatus  purchased  outright. 

To  increase  materiallj'  the  home  trade  of  any  industry 
is  also  of  great  national  importance,  especially  at  the 
present  time,  for  it  enables  manufacturers  to  secure  a 
firm  hold  of  export  trade  in  colonial  and  foreign  markets 
owing  to  improvement  in  works  costs. 

The  Engineer's  Status. 

The  prestige  of  the  Institution  was  never  greater 
than  to-day ;  the  Government  have  welcomed  its 
assistance  and  advice  on  legislative  matters.  Also 
under  its  auspices  manufacturing  associations  have  been 
able  to  prevent  adverse  legislation  which  was  about  to 
retard  our  industry.  Should  we  not  therefore  in  the 
public  interest  and  in  our  own  require  some  legal  status 
for  the  profession  of  the  electrical  engineer  ?  Our 
sister  Institution  is  promoting  a  Bill  for  the  Registra- 
tion of  Civil  Engineers.  In  my  view  it  would  have  been 
better  to  have  the  single  word  "  Engineer  "  in  the 
title.  The  official  designation  authorized  by  the  differ- 
ent institutions  would  still  serve  to  indicate  the  branch 
of  the  profession  to  which  an  engineer  is  attached. 
Does  this  not  lead  to  the  suggestion  of  an  amalgamation 
of  our  interests  ?  The  work  of  the  Civil  engineer, 
Electrical  engineer  and  Mechanical  engineer  must  be 
associated  together  in  all  large  public  works  of  the 
future,  and  now  seems  a  suitable  opportunity  for  the 
suggested  amalgamation.  Let  us  try  it  at  this  Sub- 
Centre.  Having  considered  carefully  the  various  aspects, 
I  invite,  in  the  name  of  the  Committee,  every  engineer 
in  our  district,  whether  a  member  of  the  Institution  or 
not,  to  attend  our  Ordinary  Meetings. 
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The  purpose  of  the  present  paper  is  to  deal  with 
some  recent  developments  in  protective  apparatus  for 
alternating-current  systems,  and  to  describe  a  number 
of  devices  which  have  been  omitted  in  recent  papers 
on  the  subject. 

The  descriptive  matter  relating  to  a  number  of  useful 
and  interesting  devices  is  available  in  scattered  form  in 
the  technical  Press  and  in  various  patent  specifications. 
It  is  considered  that  these  should,  for  comparative 
purposes,  be  available  in  more  collective  form  and  mark 
from  time  to  time  definite  advances  in  the  art. 

Owing  to  rapid  development  in  central  station 
capacity,  protective  gear  has  now  to  deal  with  more 
severe  conditions  than  heretofore.  This  has  resulted 
in  the  development  of  a  number  of  devices  having 
different  characteristics  from  the  systems  which  have 
been  in  general  favour  for  the  last  few  years.  Also, 
the  increasing  size  of  individual  generating  and  trans- 
forming units  calls  for  an  increase  in  sensitiveness  and 
a  guarantee  of  stability  not  hitherto  obtainable. 
Protective  gear  is  essentially  a  form  of  insurance,  and 
money  judiciously  expended  in  this  direction  may  be 
considered  a  sound  investment,  as  the  expenditure 
entailed  is  usually  only  a  small  percentage  of  the  capital 
outlay  on  the  protected  apparatus.  This  insurance  is 
effective  in  a  double  sense,  as  individual  circuits  and 
apparatus  are  protected  against  complete  destruction, 
and  continuity  of  supply  on  the  system  generallv  is 
maintained. 

Protective  systems  may  be  classed  roughly  under 
the  following  headings  : — - 

(1)  Leakage  protective  or  core-balance  devices  either 

of    the     current,     magnetic,     or     mechanically 
balanced  tvpes. 

(2)  Interlocked    discriminating    devices    such    as    are 

applied  to  parallel  feeder  protection. 

Vol.  58. 


(3)  Differential   systems,    the   operation   of   which   is 

based  on  a  difference  in  quantity  or  direction 
of  the  current  at  each  end  or  side  of  the  pro- 
tected circuit  or  apparatus. 

(4)  Special  cable  designs  which  bv  their  construction 

partially  or  wholly  function  as  protective 
devices. 

(5)  Reverse-power   devices  which    operate  when  the 

power  flows  in  the  opposite  direction  to  that 
normally  intended. 
(5)  Simple  overload  devices  which  operate  by  e.xcess 
current. 

The  foregoing  is  a  rough  classification  of  the  protec- 
tive devices  to  be  described  below. 

Core  B.\l.\nce  or  Le.\k.\ge  Protective  Systems. 

Devices  of  this  type  are  usually  dependent  for  their 
inactive  condition  on  a  summing  up  of  the  currents  in 
a  circuit. 

Tfiis  summation  may  be  obtained  in  several  ways. 
A  direct  summation  may  be  obtained  bj'  connecting 
the  series  transformers  in  star  and  the  protective 
devices  in  shunt  to  the  "'  starred  "  transformers.  A 
balance  may  also  be  obtained  magnetically.  A  third 
method  may  employ  the  currents  so  as  to  obtain  a 
balance  of  forces  by  mechanical  means. 

Devices  of  this  type  form  a  simple,  cheap,  and  ef&cient 
means  of  protecting  many  parts  of  a  system. 

Fig.  1  shows  one  form  of  core-balancing  applicable 
to  cases  where  three  transformers  on  a  polyphase  sj-stem 
are  available.  With  this  method  of  connection  the 
resultant  current  from  two  of  the  transformers  is  equal 
and  opposite  to  that  flowing  in  the  third  transformer. 
If  the  respective  coUs  on  the  relay  comprise  an  equal 
number  of  turns  and  are  oppositely  connected,  it  will 
be  evident  that  magnetic  balance  will  be  secured. 
This  balance  will  be  disturbed  only  if  current  flows  ii> 
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one  phase  which  does  not  return  by  either  of  the  other 
phases.  Core-balance  systems  of  the  magnetic  type 
cannot  in  themselves  give  protection  against  short- 
circuits  between  phases  ;  but,  where  transformers  on  the 


Fig.  I. — Magnetic  balance  relay  as  leak.age  protective  device. 

individual  phases  are  available,  ultimate  protection 
can  be  given  by  the  insertion  of  fuses  in  circuit  with 
certain  of  the  transformers. 

This  also  applies  to  the  arrangement    iust  described. 


Fig.  2. — Ferraris  disk  employed  as  mechanically-balanced 
leak.ige  protective  device,  also  capable  of  protecting  against 
unsymmctrical  loading. 

The  insertion  of  fuses  to  give  protection  against  the 
short-circuit  condition  introduces  a  time  element  in 
the  operation  of  the  protective  device  under  conditions 
in  which  the  most  rapid  operation  of  the  device  is 
req\iired. 


A  solution  of  this  problem  has  l)een  attempted, 
employing  mechanically  instead  of  magnetically  balanced 
protective  devices. 

One  such  solution  due  to  the  Allgemeine  Elek- 
tricitats  Gesellschaft  is  shown  in  Fig.  2.  This  arrange- 
ment employs  a  Ferraris  disk  with  three  inducing 
magnets  energized  from  the  respective  phases.  Two  of 
the  magnets  tend  to  rotate  the  disk  in  one  direction. 
The  third  magnet  is  wound  so  as  to  give  a  torque  equal 
to  the  combined  torque  of  the  other  two  magnets,  but 
tending  to  cause  rotation  in  the  opposite  direction. 

If  the  phases  are  approximately  balanced  the  resultant 
effect  is  a  static  condition  for  the  relay.  Earth  faults 
on  individual  phases,  and  faults  between  any  two 
phases,  alter  the  ratio  of  the  currents  which  give  this 
static  condition,  with  resulting  operation  of  the  device. 
Other  arrangements  involving  a  three-arm  mechanically 
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Fig.  3. — Biased  leakage  protective  device  which  protects 
against  unsymmetrical  loading. 

balanced  relay  have  been  proposed  by  Merz  and  Price 
giving  similar  protection. 

With  the  various  types  of  mechanically-balanced  relays 
difficulty  is  experienced  in  maintaining  a  balance  of 
the  relay  if  a  reasonably  sensitive  setting  of  the  device 
is  desired. 

The  generality  of  circuits  on  polyphase  systems  are 
not  exactly  balanced  ;  consequently,  to  secure  inaction 
of  the  relay  under  normal  circumstances  high  fault- 
settings  are  required 

A  device  intended  to  overcome  this  drawback  is 
shown  in  Fig.  3.  Instead  of  employing  a  direct  balance 
in  the  mechanically  balanced  members,  each  member 
comprises  an  operating  and  a  restraining  coil.  Two  of 
the  transformers  are  cross  connected,  and  it  will  be 
observed  that  the  operating  coil  of  one  relay  and  the 
restraining  coil  of  the  other  relay  are  traversed  by  current 
which  has  a  value  73  per  cent  in  excess  of  that  carried 
by  the  transformer  on  the  third  phase. 
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The  mechanical  forces  are  equalized,  however,  by 
winding  the  coils  which  are  energized  from  the  third 
transtormer  with  73  per  cent  additional  turns.  However, 
as  a  direct  equalization  of  the  forces  is  not  desired,  the 
distance  from  the  fulcrum  to  the  restraining  coil  is 
increased  by,  perhaps,  20  per  cent  over  that  accorded 
to  the  operating  coil.  We  now  have  a  biased  leakage 
device  which  will  not  operate  until  the  disturbance 
of  the  phase  balance  is  exceeded  by  a  definite  percentage 
(20  per  cent)  either  by  leakages  to  earth  on  individual 
phases  or  faults  between  phases,  increased  stability 
being  thereby  obtained. 


Operating 
coil 


Restraining 
coil 

Operating 
coil 


Restraining 
coil 


Ka^etically 

balanced 

relay 


KiG.  4. — Combined  arrangement  for  protecting  against  leakage 
and  unsymmetrical  loading. 

Instead  of  employing  the  mechanically-biased  beam 
device  the  arrangement  may  preferably  operate  with 
two  Ferraris  disks.  By  inserting  a  fuse  in  circuit  with 
any  transformer  the  anangement  will  protect  against 
oidinary  overload. 

A  number  of  systems  have  the  neutral  point  earthed 
through  a  comparatively  high  resistance,  limiting  the 
possible  earth  current  on  breakdown  of  a  phase  to 
moderate  values.  On  such  systems  a  device  which  is 
intended  to  protect  against  unsymmetrical  loading,  in 
addition  to  leakage  current,  requires  to  have  a  reasonably 
sensitive  setting  for  earth  faults. 

Such  an  arrangement  is  shown  in  Fig.  4.  This  scheme 
provides  for  the  employment  of  the  biased-relav  principle 
shown  in  Fig.  3  in  conjunction  with  the  leakage  pro- 


tective device  described  with  reference  to  Fig.  i  to 
form  one  relay.  Instead  of  plunger  beam  relays,  biased 
Ferraris  disks  are  shown.  This  combination  admits  of 
instantaneous  protection  being  given  with  faults  between 
phases  or  earth  faults  on  individual  pliases.  The  relay 
setting  for  the  first-mentioned  condition  of  fault  may 
be  made  without  regard  to  the  latter  fault  condition. 
That  is  to  say,  the  mechanically  biased  portion  of  the 
relay  may  be  biased  to  an  extent  sutficient  to  permit  of 
reasonable  unsymmetrical  loading  of  the  phases  without 
operating  the  relay. 

The  magnetically  balanced  portion,  however,  may  be 
set  to  operate  with  small  leakage  currents  to  earth  on 
individual  phases.  The  transformer  arrangement  shown 
in  Fig.  4  permits  of  the  employment  of  both  relay 
types  with  one  set  of  transformers.  The  current  which 
flows  in  lead  2  is  composed  of  the  resultant  current  on 
A  and  B  phases,  and  is  equal  in  magnitude  and  opposite 
in  phase  to  the  current  in  the  transformer  on  C  leg  and 
flowing  in  lead  4.  It  will  be  evident  that  the  coils  of 
the  magnetically  balanced  r^ lay  may  be  connected  in 
circuit  with  leads  2  and  4  and  magnetic  balance  obtained. 

The  resultant  current  of  the  transformers  on  B  and 
C  phases  flows  in  lead  3  and  has  a  73  per  cent  greater 
value  than  that  flowing  in  lead  i.      If  the  operating  and 
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Fig.  5. — Reactive-type  relay  employed  as  biased  leakage 
protective  device. 

restraining  coils  of  the  biased  relay  are  connected  in 
circuit  with  leads  i  and  3  the  device  operates  in  exactly 
similar  manner  to  the  arrangement  described  in  Fig.  3. 
A  further  application  of  the  biased  principle  to 
core-balancing  devices  is  shown  in  Fig.  5.  \Mth  this 
transformer  arrangement  the  equivalent  of  a  simple  cir- 
culating-current system  is  obtained.  Normally,  the  cir- 
culating current  flows  straight  through  the  two  elements 
of  the  reactive  type  relay  and  the  shunting  resistance, 
the  current  direction  being  such  that  the  relay  remains 
biased.  Should  a  fault  to  earth  develop,  say  on  C  phase, 
the  fault  component  of  the  current  will  flow  along  the 
equipotential  lead  and  through  the  No.  2  element  of 
the  relay.  As  the  fault  current  keeps  increasing  through 
this  local  circuit  the  main  circulating  current  gradually 
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diminishes  through  element  No.  i  and  increases  through 
the  shunting  reiistance.  Ultimately,  the  fault  current 
reaches  such  a  value  that  the  whole  of  the  main  cir- 
culating current  is  forced  out  into  the  shunting  resist- 
ance, and  current  flows  in  neither  direction  through 
element  No.   i. 

Further  increase  of  fault  current  causes  a  portion  to 
flow  through  No.  i  element  in  the  reverse  direction, 
thence  through  the  shunting  resistance,  reversal  of 
current  flow  through  one  element  constituting  the 
condition  necessary  for  operating  the  relay.  It  will 
be  observed  that  operation  of  the  relay  does  not  take 
place  until  all  the  main  circulating  current  is  forced 
out  into  the  shunting  resistance,  this  point  determining 
the  bias  of  the  relay.  The  point  at  which  reversal 
takes  place  through  one  element  may  be  controlled  by 
varying  the  ratio  of  the  ohmic  values  of  the  relay 
elements  and  the  shunting  resistance.  For  example, 
if  a  3  per  cent  bias  is  desired,  the  relative  ohmic  ratios 
of  the  shunting  resistance  and  the  relay  elements  would 
be  of  the  order  of  i  to  67. 

Parallel  Feeder  Protection. 

On  the  majority  of  power  systems  a  favourite  method 
of  feeder  lay-out  consists  in  parallel  or  duplicate  feeder 
supply. 

This  parallel  distribution  may  be  either  by  inter- 
connection between  distribution  points  or  by  direct 
radial  supply  from  the  generating  centre.  Protective 
means  for  such  feeder  arrangements  commonly  take  the 
form  of  overload  relays  at  the  end  adjacent  to  the 
source  of  supply  and  reverse  power  relays  at  the  remote 
end.  The  function  of  the  latter  is  to  disconnect  a 
faulty  feeder  by  utilizing  the  reverse  flow  contributed 
by  the  healthy  feeders  in  parallel. 

An  advance  in  the  art  of  parallel  fi;eder  protection 
takes  advantage  of  the  principle  that,  normally,  jJarallel 
feeders  of  the  same  length  and  cross  section  will  share 
substantially  in  the  distribution  of  the  load  current. 
A  breakdown  on  one  feeder,  however,  will  alter  the 
relative  current  values,  so  that  usually  the  faulty 
feeder  carries  the  heavier  current. 

A  number  of  interesting  and  useful  devices  have  been 
developed  which  take  advantage  of  this  condition. 
These  devices  are  normally  balanced  against  one 
another,  but  immediately  operate  to  select  the  more 
heavily  loaded  of  two  or  more  parallel  feeders. 

In  the  future, /as  systems  extend  and  existing  instal- 
lations are  added  to  or  duplicated,  devices  of  this  nature 
■will  find  a  larger  field  of  application.  The  majority 
■of  interlocked  relay  devices  operate  on  the  balanced 
principle  ;  a  few  systems  have  been  developed,  however, 
which  employ  the  bias. 

The  biased  principle  as  applied  to  parallel  feeder 
protection  was  first  proposed  by  Mr.  Wedmore,  and 
•engineers  generally  have  been  slow  to  recognize  the 
good  features  inherent  in  devices  operating  on  this 
principle.  With  biased  systems  of  protection,  a  definite 
measure  of  stability  is  obtained  and  smaller  fault 
settings  are  thereby  obtainable. 

This  particularly  applies  to  the  larger  power  schemes 
where  the  ratio  of  possible  short-circuit  current  to  the 
normal   rating   of   the   parallel   feeders   is   large.     With 


this  condition  small  differences  in  balance  become 
magnified  and  assume  proportions  sufficient  to  operate 
the  protective  gear  of  otherwise  healthy  feeders.  If 
low  fault  settings  are  desired  this  unstable  feature  has 
to  be  tolerated,  whereas,  if  an  increase  in  stability  is 
required,  higher  fault  settings  must  be  adopted. 

Fig.  6  shows  an  arrangement  of  interlocked  overload 


\ 


Power   station    bos  hax 
Fixed  Coil 


Fig.  0. — Parallel  feeders  protected  by  discriminaling  relay. 

relays  applied  to  the  protection  of  two  parallel  feeders. 
The  overload  discriminating  relays  employed  are  of  the 
reactive  type,  the  fi.xed  coils,  say,  being  placed  in  series 
with  the  transformers  which  are  connected  for  cir- 
culating current.  The  moving  coils,  however,  _are  con- 
nected to  equipotential  points  of  the  system.     Normally, 
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-Discriminating  relay  protection  with  biased  reactive 
type  relays. 


with   balanced   conditions   on   the    feeders,    no   current 
traverses  the  moving  coils  of  the  relays. 

The  development  of  a  fault,  however,  say  on  No.  i 
feeder,  will  cause  the  difference  current  to  flow  through 
the  moving  coils.  We  therefore  connect  the  relays  so 
that  when  the  excess  current  is  contributed  by  the 
transformer  on  No.  i  feeder,  the  current  direction  is 
such  that  the  relay  of  No.  2  feeder  is  restrained  and  that 
of  No.   I  feeder  operated. 
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If  the  excess  current  had  appeared  on  No.  2  feeder, 
the  relative  direction  of  the  difference  current  would 
have  been  reversed,  with  consequent  operation  of  No.  2 
relay  and  restraint  of  No.  i.  This  arrangement  is 
capable  of  very  sensitive  settings,  as  the  whole  energy 
output  of  the  transformers,  that  is  to  say  load  plus 
fault  current,  is  employed  to  maintain  the  field  of  the 
relays.  The  employment  of  such  energy,  it  will  be 
observed,  will  make  the  relays  immediately  sensitive 
to  small  difference  currents  flowing  through  the  moving 
coils. 

The  characteristic  of  the  device  will  consist  of 
increasing  sensitiveness  with  increasing  load.  At  full 
load  with  relays  of  robust  design,  the  device  is  capable 
of  operating  with  a  J  per  cent  (1/200)  difference  current 
between  the  two  parallel  feeders. 

As  has  already  been  stated,  it  is  often  not  possible 
to  utilize  such  extreme  sensitiveness.  If  i  per  cent 
unbalance  existed  between  the  feeders,  it  is  obvious 
that  the  J  per  cent  difference  setting  is  not  feasible, 
and  if  the  feeders  were  subjected  to  30  times  their 
normal  load  current  a  30  per  cent  setting  becomes 
insufficient  to  ensure  stabilitv. 
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Fig.  S. — Discriminating  relay  protection  with  reactive-type 
relays. 

A  development  of  the  arrangement  just  described 
in  which  substantially  the  same  operating  character- 
istics are  obtained,  but  with  the  introduction  of  the 
bia.s,  is  shown  in  Fig.  7. 

The  transformers  are  connected  for  circulating  current 
and  normally  the  current  flows  straight  through  the 
parallel  paths  formed  by  the  elements  of  the  relays, 
the  current  direction  being  such  that  the  relays  are 
held  in  the  off  position.  To  permit  of  the  description 
being  more  readily  followed,  the  relays  in  the  diagram 
are  not  shown  beside  their  respective  feeders. 

Assume  that  a  fault  develops  on  No.  i  feeder.  The 
increased  current  flowing  in  the  transformer  will 
circulate  through  the  fixed  coil  of  No.  2  relay  and  the 
-equipotential  lead.  As  the  fault  component  of  the 
current  increases  through  this  local  circuit  the  load 
current  which  circulates  through  both  transformers  is 
forced  to  the  outer  circuit  formed  by  the  moving  coils. 
.\t  the  same  time,  the  current  which  flows  straight 
through  the  fixed  coU  of  No.  1  relay  gradually  diminishes. 

A  point  is  ultimately  reached  when  all  the  load 
current  is  forced  to  the  outer  circuit  and  no  current 
flows  through  the  fixed  coU  of  No.  i  relay.  Any  further 
increase  of   fault  current  flows  by  way  of  the  outer 


circuit  through  the  fixed  coil  of  No.  i  relay  in  the 
reverse  direction,  thereby  causing  this  relay  to  operate. 

This  device  shows  characteristics  similar  to  that  of 
the  arrangement  just  described.  That  is  to  say,  the 
feature  of  the  load  current  being  employed  to  maintain 
one  element  is  likewise  here  obtained.  The  percentage 
bias  is  dependent  on  the  ratio  of  the  reactances  of  the 
fixed  and  moving  coils  ;  for  example,  with  a  5  per 
cent  bias  these  would  have  relative  values  of  40  and  1 
respectively. 

The  ratio  of  the  resistance  or  reactance  of  the  fixed 
and  moving  coils  being  known,  the  bias  is  simply 
expressed  by  : — 


Percentage  bias  = 


2B 


X  100 


where  A  equals    the  reactance  of   each  fixed  coil,  and 
B  the  reactance  of  each  moving  coU. 

The  application  of  the  directional  relays  to  three  or 
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Fig.  9. — Parallel  feeder  protection. 

more  feeders  with  a  parallel  arrangement  of  trans- 
formers is  shown  in  Fig.  8.  Each  transformer  circulates 
its  current  through  one  element  of  its  particular  relay, 
the  other  element  which  is  connected  to  the  balance 
lead  normally  carrying  no  current.  If  the  transformer 
on  the  faulty  feeder  carries  the  heaviest  current  the 
symmetrical  loading  of  the  arrangement  is  disturbed 
and  the  excess  current  spills  through  the  element 
connected  to  the  balance  lead,  operating  this  relay 
and  restraining  the  others. 

The  substitution  of  the  mechanically  biased  relay 
with  a  circuit  arrangement  similar  to  that  shown  in 
Fig.  7  is  illustrated  in  Fig.  9.  The  transformer  current 
normally  circulates  through  the  parallel  paths  formed 
by  the  operating  and  restraining  coUs  of  the  relays. 
If  one  feeder  carries  current  in  excess  of  that  carried 
by  the  other,  the  major  portion  of  this  excess  flows 
through  the  local  circuit  formed  by  the  operating  coil 
of  the  relay  protecting  the  faulty  feeder  and  the  balancing 
lead. 

This  particular  arrangement  may,  by  the  insertion  of 
a  fuse  in  circuit  with  the  restraining  coils,  be  made  to 
deal  with  sustained  overloads  on  the  parallel  feeders. 
Such  overloads  might  be  caused  by,  say,  a  substation 
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busbar  fault  against  which  the  interlocked  relays  remain 
ineffective. 

It  will  be  observed  tliat  the  blowing  of  the  fuse  diverts 
the  whole  current  through  the  operating  coils,  both 
relays  thereby  operating.  When  one  feeder  is  dis- 
connected it  is  necessary,  in  order  to  prevent  operation 
of  tlie  relay  of  the  remaining  feeder,   to  short-circuit 


th:  faulty  feeder  and  distributes  itself  among  the 
restraining  coils  of  the  rela^-s  protecting  the  healthy 
feeders.  This  current  distribution  is  such  that  the  relay 
protecting  the  faulty  feeder  is  operated  and  the  relays 
of  the  healthy  feeders  restrained.  This  arrangement  is 
not  necessarily  confined  to  three  but  may  be  e.xtended 
to  any  number  of  parallel  feeders. 
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P'iG.  10. — Parallel  feeder  protection. 


the  operating  and  restraininp;  coils  of  the  relay  protecting 
the  disconnected  feeder.  This  may  be  accomplished 
cither  by  the  relay  itself  or  by  auxiliary  switches 
mounted  on  the  feeder  oil-break  switch. 

The  extension  of  the  principle  of  mechanically- 
balanced  interlocked  relays  to  parallel  feeder  groups 
exceeding  two  in  number  is  shown  in  Fig.  lo.  Under 
normal  conditions    of    current-balance   on   the   feeders 
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Fig.  II. — Discriminating  relay  protection  with  reactive-type 
relays. 

each  transformer  circulates  its  output  through  the  oper- 
ating and  restraining  coils  of  its  particular  relay.  The 
balancing  lead  connecting  points  at  equal  potential 
on  each  relay  circuit  normally  carries  no  current. 

Disturbance  of  the  balance  immediately  results  in 
the  more  heavily  loaded  feeder  sending  a  portion  of 
its  excess  current  along  the  balance  lead.  This  current 
flows  through  the  operating  coil  of  the  relay  protecting 


Fig.  II  illustrates  a  further  scheme  of  protection  for 
parallel  feeders  by  means  of  discriminating  relays. 

The  relays  in  this  case  are  of  the  reactive  type,  the 
moving  coils,  say,  being  connected  in  series  with  one 
another,  and  the  whole  arrangement  including  the 
series  transformers  being  connected  for  circulating 
current.  The  fixed  coils  are  connected  to  equipotential 
points  by  means  of  the  balancing  lead.  On  the  assump- 
tion that  the  faulty  feeder  will  carry  a  larger  portion 
of  the  current  than  the  healthy  feeders,  we  arrange 
the  polarity  of  the  relays  so  that  the  overflow  of  current 
from  the  transformer  on  the  faulty  feeder  will  operate 
its  particular  relay  and  restrain  the  others.  In  this 
arrangement,  likewise,  the  whole  energy  of  the  trans- 
formers is  employed  to  maintain  the  excitation  of  the 
relays.  The  moving  coils,  consequently,  will  respond 
to  very  small  current  values  which  spill  into  the 
balancing  lead. 

Such  an  arrangement  as  that  just  described  may  be 
put  on  a  percentage  bias  by  winding  a  few  turns  on 
the  field  of  the  relay  and  connecting  them  in  series  with 
the  circulating  current  system.  This  is  shown  in 
Fig.   12. 

The  relation  of  the  few  turns  to  the  moving  coil  is 
such  that  the  relay  presses  hard   to  the  off  position. 

The  main  field  coil  of  the  relay,  however,  is  adjusted 
so  that,  if  its  particular  transformer  carries  the  larger 
current,  it  builds  up  a  field  in  the  opposite  direction, 
which  ultimately  overpowers  the  restraining  field  and 
permits  the  relay  to  operate.  A  protective  scheme  of 
this  description  may  have  an  unbalancing  safety  factor 
of,  say,  5  per  cent  and  operate  at  i  per  cent  beyond  this, 
i.e.  6  per  cent  difference  current  between  the  parallel 
feeders. 
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Fig.  12. — Discriminating  relay  protection  with  biased  reactive-type  relays. 
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Fig.  13.— Parallel  feeder  protection  with  discriminating  and  reverse-current  relay? 
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So  far  we  have  not  dealt  with  the  protection  at  the 
remote  end  of  the  parallel  feeders.  Generally  this  has 
been  accomplished  by  means  of  reverse  power  relays 
at  this  end,  any  alteration  of  current  direction  in  the 
relays  being  with  reference  to  the  potential  of  the 
circuit. 

In  the  past  a  number  of  causes  have  contributed  to 
unsatisfactory  operation  of  the  reverse  power  relav 
when  associated  with  the  end  protection  of  parallel 
feeders.  First,  severe  fault  conditions  between  phases 
near  the  feeder  end  in  most  cases  result  in  the  potential 
being  extinguished.  Secondly,  if  the  connection  for 
the  potential  coil  is  taken  from  the  star  potential  of 
the  circuit,  and  the  current  in  the  potential  and  current 
coils  is  substantiallv  in  phase,  we  have  a  shift  of 
go  degrees  in  the  phase  of  the  potential  coil. 

This,  of  course,  happens  if  the  voltage  triangle 
collapses  on  one  side  due  to  a  short-circuit  between 
two  phases.  There  are  consequently  two  conditions 
which  make  for  non-operation  of  the  relay  under 
abnormal  circumstances.  These  remarks  apply  only 
where  the  short-circuit  current  is  of  unity  power  factor. 
If  the  current  at  the  fault  point  is  lagging,  there  is  a 
further  shift  in  the  relation  of  the  potential  and  current 
coils. 

A  short-circuit  between  two  phases  may  easilv  give 
rise  to  the  condition  in  which  a  heavy  forward  current 
of  low  lagging  power  factor  will  operate  reverse  relays, 
and  leave  them  inoperative  with  a  heavy  reverse  current 
of  similar  power  factor. 

By  connecting  the  reverse  relays  at  the  remote  end 
for  circulating  current,  an  increase  in  stability  has  been 
obtained  with  heavy  forward  current  of  low  power 
factor.  This  is  possible  provided  the  feeders  retain  their 
balance. 

A  connection  which  has  recently  been  employed  with 
a  fair  measure  of  success  utilizes  the  current,  say,  in 
phase  I  and  the  delta  potential  across  phases  2  and  3. 

The  respective  vectors  for  current  and  potential 
are  normally  90  degrees  apart.  These  are  pulled  into 
their  proper  phase  relation,  in  either  the  induction  or 
reactive  types  of  relay,  by  employing  the  requisite 
proportion  of  resistance  or  reactance  in  the  potential 
winding.  In  the  event  of  a  short-circuit  of  magnitude 
sufficient  to  distort  the  voltage  triangle,  it  will  be  found 
that  the  potential  and  current  vectors  retain  their 
relative  positions.  Any  further  shift  in  phase  relation 
due  to  low  power  factor  at  the  fault  point  will  not  be 
sufficient  to  rotate  the  respective  vectors  beyond  their 
proper  operating  quarters,  although  the  relay  may  still 
remain  tmresponsive  to  the  most  severe  conditions. 

Fig.  13  shows  a  general  scheme  for  the  protection  of 
parallel  feeders  wherein  mechanically  balanced  relays 
are  employed  at  the  end  adjacent  to  the  source  of 
supply  and  reverse  relays  at  the  remote  end.  The 
mechanically  balanced  discriminating  relays,  including 
their  respective  transformers,  are  all  connected  for 
circulatmg  current. 

Equipotential  points  on  the  various  rela\-s  are  con- 
nected together  by  a  balancing  lead.  If  the  symmetrical 
loading  of  the  loop  is  altered  by  one  feeder  becoming 
faulty,  the  transformer  carrying  the  larger  current 
diverts  its  excess  current  through  the  operating  coil  of 


its  particular  relay  and  by  way  of  the  balancing  lead 
through  the  restraining  coil  of  another  relay.  1  he 
impedance  of  the  relay  and  transformer  of  the  dis- 
connected feeder  may  be  cut  out  either  by  contacts 
mounted  on  the  relay  itself  or  by  auxiliary  switches 
operated  by  the  feeder  oil-break  switch. 

At  the  remote  end  of  the  feeders  we  have  reverse- 
current  relay  protection  but  differing  from  that  usually 
associated  with  this  type  of  relay.  Instead  of  being 
dependent  on  the  potential  of  the  circuit  to  give  the 
determining  action  to  the  relay,  a  sample  of  current  is 
taken  from  the  parallel-connected  series  transformers 
at  the  source  end  by  means  of  pilot  wires.  As  con- 
sequent polarity  will  always  be  obtained  in  the  relays 
at  the  remote  end  immaterial  of  the  direction  of  current 
flow,  the  scheme  is  obviously  unaffected  by  surges. 
The  scheme  has  the  further  advantage  that  the  heavier 
the  fault  the  more  definite  is  the  action  of  the  reverse 
relays. 

When  we  come  to  deal  with  the  protection  of 
parallel  interconnectors  by  means  of  discriminating 
relays  the  problem  is  more  difficult.  Each  case  has  to 
be  considered  by  itself.  For  instance,  if  a  definite 
problem  is  taken,  say  four  parallel  interconnectors 
between  two  power  stations,  it  is  obvious  that  with  a 
fault  between  phases  we  have  a  heavier  current  flowing 
into  the  faulty  feeder  at  both  ends  than  into  the 
neighbouring  ones.  If  the  neutral  point  of  the  system 
is  earthed  through  a  limiting  resistance  this  may  no 
longer  hold. 

If  the  earthing  resistance  does  not  pass  sufficient 
current,  a  leak  to  earth  will  cause  the  faulty  feeder  to 
open  at  one  end  and  all  the  healthy  ones  at  the  other 
end.  Should  the  neutral  point  be  earthed  at  one  station 
onljf,  the  problem  is  further  complicated,  and  correct 
discrimination  would  only  be  obtained  under  all  con- 
ditions either  with  the  neutral  point  solidly  earthed  or 
with  very  low  values  of  the  earthing  resistance.  If 
this  latter  condition  is  fulfilled,  the  pilot  wires  may  be 
dispensed  with  and  the  discriminating  relay  shown  in 
Fig.  13  may  be  installed  at  each  end  of  the  inter- 
connectors. Proper  selection  of  the  faulty  feeder  would 
now  be  obtained  under  all  conditions. 

In  the  case  of  a  parallel  group  of  four  feeders  to  one 
substation  the  conditions  are  somewhat  different. 

Each  end  of  the  feeders  may  be  equipped  with  dis- 
criminating relays,  and  correct  selection  would  be 
obtained  at  the  remote  end  for  two  feeders  out  of  four. 
In  the  event  of  two  feeders  being  cut  out  of  circuit, 
there  is  no  protection  at  the  remote  end  for  the  remaining 
pair. 

The  logical  development  of  parallel  feeder  protection 
in  pairs  is  found  in  what  is  generally  termed  the  "  split 
conductor  system."  An  extension  of  this  principle, 
but  with  isolation  of  the  conductors  m  the  form  of 
separate  cables,  has  been  extensively  employed.  The 
pairing  of  the  cables  in  this  manner  often  leads  to  diffi- 
culties in  balancing,  particularly  on  systems  having  a 
considerable  plant  capacity  on  the  bars. 

Although  this  unbalancing  trouble  is  not  much  in 
evidence  in  split-conductor  cables,  it  is  often  very  marked 
where  two  cabins  are  paired  and  protected  as  one  unit. 
Paired  feeders  generally  are  not  capable  of  such   low 
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fault  settings  as  the  split-conductor  cable,  if  it  is  intended 
that  each  retain  a  similar  degree  of  stability.  It  is 
even  questionable  if  paired  feeders  are  capable  of  such 
fine  settings  as  parallel  feeders  with  interlocked  relays 
for  a  similar  degree  of  stability. 

A  distinct  difference  exists  between  the  two  methods 
of  protection.  Take,  first,  the  parallel  feeders.  On 
each  feeder  we  have  a  series  transformer ;  and  if  under 
abnormal  conditions  current  up  to  a  value  of  loo  times 
the  normal  load  of  the  cable  flows,  and  i  per  cent 
difference  in  balance  exists  between  the  two  cables, 
the  resulting  unbalance  does  not  become  loo  times 
I  per  cent,  i.e.  loo  per  cent.  The  transformers  may  be 
designed  to  be  saturated  at,  say,  20  times  normal  load, 
an  unbalance  of  20  per  cent  existing,  and  little  further 
increase  of  secondary  current  is  possible.  A  further 
increase  of  unbalance  may  result  from  the  transformers 
tbemseh-es. 

Secondly,  with  paired  feeders  a  type  of  transformer 
surrounds  the  two  cores  which  only  carries  the  magnetic 
flux  set  up  by  the  difference  currents  in  the  feeders. 
The  flux,  therefore,  in  this  transformer  is  due  to  the 
I  per  cent  unbalance  existing  between  the  cores.  Under 
similar  conditions  saturation  of  this  transformer  is  not 
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Fig.  14. — Twin  cables  protected  by  hi.ised  re.-ictive-type  relays. 

possible  ;  the  degree  of  unbalance  being  progressive 
may  reach  the  figure  of  100  x  i  per  cent,  i.e.  100  per 
cent. 

A  scheme  of  biased  protection  for  paired  feeders 
employing  the  shunted  reverse-current  relay  described 
with  reference  to  Fig.  5  is  shown  diagrammaticallj'  in 
Fig.   14. 

Gener.\tor  and  Transformer  Protection. 

The  more  extended  protection  accorded  to  generating 
plant  is  a  comparatively  recent  innovation.  Opinion 
until  recently  was  generally  adverse  to  installing  pro- 
tective devices  on  generatmg  plant.  In  certain  cases 
such  devices  took  the  form  of  overload  relays  having 
delayed  action,  so  that  a  generator  could  clear  itself 
from  heavy  sustained  faults  on  the  distribution  system 
or,  by  the  joint  action  of  a  plurality  of  machines,  from 
a  short-circuit  within  its  own  windings. 
_  An  alternative  protective  means  more  extensively 
adopted  consisted  of  the  re\'erse  power  relay,  this  device 
operating  with  a  reversal  of  flow  into  the  faulty  genera- 
tor on  a  breakdown  either  between  phases  or  between 
turns  of  the  same  phase. 

In  the  past,  protective  gear  on  generating  and  trans- 
foming  plant  has  been  looked  upon  more  from  the 
point  of  view  of  preserving  the  continuity  of  supply 
than  of  saving  the  faulty  plant  from  destruction.  How- 
ever, as  power  systems  have  grown  in  capacity  and  with 


them  the  output  of  individual  units,  it  has  come  to  be 
realized  that  it  is  not  only  essential  to  preserve  the 
continuity  of  the  service  but  also  absolutely  necessary 
to  save  the  generating  plant. 

Generating  and  transforming  plant  is  subject  to 
three  classes  of  fault  conditions,  these  conditions  com- 
prising leakage  to  earth  on  indixidual  phases,  short- 
circuit  between  phases,  and  breakdown  between  turns 
of  the  same  phase. 

Generating  plant  is  subject  to  further  conditions 
such  as  accident  to  the  prime  mover  and  loss  of  field. 
The  development  of  the  differential  system  has  per- 
mitted of  the  first  two  conditions  being  satisfactorily 
dealt  with,  and  particularly  where  the  neutral  is  earthed 
through  a  limiting  resistance.  The  third  condition  can 
only  be  taken  care  of  by  the  reverse  power  relay  or  som.e 
form  of  split  winding. 

The  majority  of  fault  conditions  comprise  those  of 
the  first  mentioned  class,  consequently,  the  more 
satisfactory  protection  is  given  by  the  differential  system. 
Furthermore,  the  reverse  power  relay  demands  a 
plurality  of  generating  plant  on  the  bars  to  give  the 
reversed  current  or  leading  current  of  low  power  factor 
required  by  this  device.  The  differential  system  does 
not  require  this  latter  condition  as  it  may  be  set  to 
operate  while  the  current  is  still  in  the  forward  direction, 
and  consequently  with  a  minimum  expenditure  of 
energy  at  the  fault  point. 

The  differential  system  has  the  further  advantage 
that  it  operates  equally  well  with  only  one  unit  on  the 
bars. 

The  necessity  for  the  gear  operating  under  this 
condition  is  to  ensure  the  disconnection  of  the  field 
circuit  where  this  is  dependent  on  the  operation  of  the 
relay  or  the  oil-break  switch.  The  author  considers 
that  any  form  of  protection  is  incomplete  which  docs 
not  embody  this  feature.  Generators  have  been  success- 
fully disconnected  from  the  busbars,  but  destroyed 
owing  to  the  time  interval  elapsing  before  the  excitation 
was  removed.  The  circulating  current  system  which 
has  been  described  elsewhere  is  inherently  a  sensitive 
protective  means.  Full  advantage  may  not  be  taken 
of  this,  however,  owing  to  the  general  unstable  tendency 
of  the  series  transformers  under  severe  emergency 
conditions.  That  is  to  say,  where  a  generator  protected 
by  this  system  has  to  contribute  its  maximum  instan- 
taneous value  of  short-circuit  current  to  faults  on  the 
distribution  system  there  is  a  possibilty  of  the  gear 
operating  under  this  condition. 

A  number  of  causes  may  conrtribute  to  this  unstable 
tendency.  Chief  among  these,  however,  is  the  faulty 
choice  of  equipotential  points  and  vector  unbalancing. 
The  possibility  of  the  transformers  developing  different 
characteristics  when  the  induction  per  square  centi- 
metre is  pushed  up  to  high  values  forms  a  further 
contributory  cause. 

When  the  maximum  instantaneous  value  of  the 
generator  short-circuit  current  is  known,  the  first 
mentioned  cause  of  unbalancing  is  a  calculable  quantity 
and  a  definite  setting  of  the  relay  based  on  this  quantity 
is  possible.  The  second  and  third  causes  of  unbalancing 
are  indefinite  quantities  and  a  high  safe  setting  of  the 
relay  is   necessary   to   ensure   stability.     This   unstable 


534 


McCOLL:   AUTOMATIC   PROTECTIVE   DEVICES 


tendency  has  resulted  in  the  adoption  of  higher  fault 
settings,  these  averaging  about  30  per  cent. 

With  the  large  generating  units  of  to-day,  and  the 
larger  ones  of  the  near  future,  a  30  per  cent  setting  is 
too  high.  With  a  30,000  kw.  generator  this  setting 
might  represent  a  very  large  amount  of  energy  spent 
in  continual  destruction  of  the  windings  without  opera- 
tion of  the  relay.  Generators  may  suffer  from  mechani- 
cal damage  close  up  to  the  star-point  end  of  the  windings 
and  ultimately  break  down  to  earth  clectricallv,  and, 
where  the  neutral  point  is  earthed  through  a  resistance, 
there  may  be  insufficient  potential  above  earth  to 
permit  of  the  necessaiy  current  passing  to  operate  the 
30  per  cent  relaj'  setting.  Destruction  of  the  windings 
may  here  take  place  due  to  the  heat  caused  by  the 
prolonged  arcing. 

It  should  be  borne  in  mind  that  the  lov/er  fault 
settings  may  mean  all  the  difference  between  a  lengthy 
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Fig.  15. — Generator  protection  (Beard's  system). 

and  costly  repair  and  merely  a  damaged  coil  which  only 
requires  the  disablement  of  the  unit  for  a  comparatively 
short  period. 

Protective  systems  have  recently  been  developed 
which  have  for  their  object  a  stability  under  severe 
emergency  conditions  and  a  possible  fault  setting  not 
obtainable  with  the  balanced  current  sj-stem. 

One  such  systenr,  due  to  Mr.  J.  R.  Beard,  is  shown  in 
Fig.  15.  We  have  here  a  device  which  is  unaffected  by 
these  unbalancing  troubles,  and  the  lowest  possible 
fault  settings  may   therefore  be  adopted. 

In  this  svsteni  the  input  and  output  of  each  phase 
winding  is  directly  compared  and  anv  resulting  difference 
due  to  faults  between  phases  or  leakages  to  earth  appears 
in  the  secondary  of  the  core-balance  transformer.  This 
system  may  likewise  be  employed  for  transformer  pro- 
tection and  readily  lends  itself  for  this  application. 

A  development  of  the  circulating-current  system  is 
shown  in  Fig.  16.  To  overcome  the  general  unstable 
tendency  of    the  rirculating-current  system    under  ab- 


normal current  flow  biased  relays  are  employed.  This 
particular  arrangement  involves  the  emplovment  of 
mechanically  biased  relays,  one  coil  of  which  is  traversed 
by  the  main  current  of  the  system,  the  other  coil  being 
conne:ted  to  equipotential  points.  One  such  point,  it 
will  be  observed,  is  midway  along  the  restraining  coil. 

If  a  10  per  cent  bias  is  desired  it  would  be  necessary 
to  wind  the  restraining  coil  with  approximately  10  per 
cent  of  the  turns  comprising  the  operating  coil.  It 
will  be  evident  that  the  relay  is  held  definitelv  in  the 
off  position  until  the  unbalanced  current  flowing  through 
the  operating  coil  has  a  value  equal  to  10  per  cent  of 
the  current  traversing  the  restraining  coil.  The  ampere- 
turns  of  the  respective  coils  will  balance  one  another 
at  this  value. 

With  such  an  arrangement  it  is  possible  to  give  a 
definite  guarantee  of  stability,  as  ample  latitude  for 
unbalancing  may  be  allowed.  A  suitable  degree  of 
bias   for   generator  protection   with   this  system   would 
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Fig.  16. — Generator  protection  with  biased  beam  relays. 

be  about  5  per  cent,  and,  with  a  relay  designed  to  operate 
at  5  per  cent  beyond  this,  it  would  be  possible  to  have 
a  10  per  cent  fault-setting  with  complete  stability.  If 
there  is  a  reversed  flow  from  the  busbars  into  the 
generator  fault,  the  operating  coil  carries  the  sum  of 
the  currents  of  the  transformer  at  each  end  of  the 
winding.  This  current  divides  and  flows  through  each 
half  of  the  restraining  coil  in  opposite  directions.  The 
bias  in  this  case  is  omitted,  as  this  is  a  condition  wherein 
it  is  not  required. 

Fig.  17  illustrates  this  system  applied  to  a  three- 
phase  transformer  bank  having  the  star-star  connection, 
two  relays  only  being  necessary. 

A  further  development  of  biased  protection  is  shown 
in  Fig.  18.  In  this  development  a  reactive-type  relay 
is  employed  haWng  its  elements  shunted  by  a  resistance. 
The  description  of  the  arrangement  shown  in  Fig.  5 
applies  similarly  to  this  scheme.  In  this  arrangement 
likewise  a  re\-ersed  flow  from  the  busbars  into  the 
generator  fault  eliminates  the  percentage   bias,  as  the 
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current  flows  in  opposite  directions  through  the  respec- 
tive elements  of  the  relay.  Fault  settings  comparable 
with  those  of  the  device  shown  in  Figs.  i6  and  17  may 
be  obtained  with  this  arrangement.  Fig.  19  shows  this 
scheme  in  connection  with  star-delta  transformers. 


Fig.  17. — Star-star  connected  transformers  and  biaseJ  relays. 

Another  development  of  the  circulating  current 
system  employs,  instead  of  the  balanced,  an  unbalanced 
principle. 

It  will  readily  be  appreciated  that  while  it  is  exceed- 
ingly difficult  with  the  balanced  current  system  to  obtain 
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Via.  18. — Generator  protection  with  biased  reactive-type  relays. 

a  dead  balance  under  varying  conditions,  it  i;  quite  a 
simple  matter  to  secure  a  definite  degree  of  unbalance. 
A  scheme  operating  on  this  principle  is  shown  in  Fig.  20, 
the  arrangement  being  shown  on  one  phase  only.  The 
transformers  are  connected  for  circulating  current  and 
circulate   their   output   through   one   element,    say   the 


fixed  coil  of  a  reactive-type  relay,  the  moving  coil  being 
connected  in  shunt  across  the  system. 

Consideration  of  Fig.  20  will  make  it  apparent  that 
the  fixed  coil  unbalances  the  circuit  in  favour  of  the 
transformer  at  the  busbar  end  of  the  winding.     Generally 
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Fig.  19. — Delta-star  connected  transformers  and  biased 
reactive-type  relays. 

it  will  be  found  that  in  most  wiring  installations  for 
the  protective  gear  the  greater  lengths  lie  between  the 
star-point  transformers  and  the  relay.  This  has  the 
effect  of  unbalancing  the  circuit  still  further  and  increas- 
ing the  percentage  bias  of  the  relay.     Unbalance  may 
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Fig.  20. — Generator  protection  with  biased  reactive-type 
relav. 


also  be  obtained  by  inserting  resistance  in  that  side  of 
the  circuit,  or  by  making  the  current  capacity  of  trans- 
former No.  2  slightly  greater  than  that  of  transformer 
No.  I.  The  effect  is  to  cause  a  small  local  current 
contributed  by  the  No.  2  transformer  to  flow  through 
the    moving    coil,    the    direction    being    such    that    the 
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relay  is  restrained  under  nornaal  circumstances.  If  a 
fault  develop  to  earth  or  between  phases,  there  still 
being  a  normal  delivery  of  power  to  the  bars,  the  in- 
creasing fault  com.ponent  of  .the  current  in  the  No.  t 
tiansformer  will  cause  the  small  local  current  flowing 
through  the  moving  coil  to  decrease.  Further  increase 
of  fault  current  will  cause  a  portion  of  No.  i  transformer's 
output  to  spill  through  the  moving  coil  in  the  leverse 
direction,  thence  through  the  fixed  coil,  but  in  the 
same  direction,  as  the  load  current  circulating  in  the 
sv.'^tem.  Reversal  of  flow  through  one  element  con- 
stitutes the  condition  necessary  for  operating  the  relay. 
If  the  generator  has  to  contribute  abnormal  current 
values  to  faults  on  the  distribution  system,  the  small 
local  current  which  gives  normal  bias  will  increase  and 
add  to  the  stability  of  the  relay.  As  already  stated, 
unbalancing  troubles  with  the  balanced  current  system 
are  to  be  feared  only  when  abnormal  current  values 
have  to  be  dealt  with.  It  will  readily  be  appreciated 
that  it  would  be  an  advantage  to  run  with  a  very  small 
percentage  bias  at  normal  loads  and  automatically 
increase  this  percentage  under  severe  emergency  con- 
ditions. This  may  be  accon\plished  by  designing  the 
transformers  at  the  star  point  end  of  the  windings  so 
that  thev  become  saturated  at  a  lower  value  of  abnormal 
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21. — Curve   showing   fault   current   required  to   operate 
biased  reactive-type  relay  with  varying  load  current. 


current  than  the  transformers  at  the  other  end  of  the 
windings. 

The  effect  is  to  cause  the  first  mentioned  transformers 
to  fall  off  in  ratio  under  these  conditions  much  more 
readily  than  the  busbar  transformers.  Increased  current 
will  therefore  flow  through  the  local  circuit  in  a  direction 
such  that  the  percentage  bias  is  increased.  It  is  to 
be  understood,  however,  that  through  the  normal  load 
ranges  of  the  generator  the  transformers  retain  their 
relative  ratios  and  characteristics. 

With  this  arrangement  the  leakage  and  load  currents 
are  employed  usefully  in  maintaining  the  field  of  the 
relay,  the  relay  becoming  immediately  sensitive  to 
small  leakage  currents  flowing  through  the  moving  coil. 
Fig.  21  shows  the  general  characteristics  of  the  protection 
given  by  this  scheme,  increased  sensitiveness  being 
apparent  with  increasing  load.  It  will  be  observed 
that  at  70  per  cent  load  and  upwards  the  relay  will 
operate  with  less  than  2  per  cent  fault  current. 

The  various  arrangements  shown  in  Figs.  15  to  20, 
while  capable  of  dealing  effectively  with  leakages  to 
earth  and  faults  between  phases,  are  ineffective  with  a 
breakdown  between  turns  of  the  same  phase  which  does 


not  develop  into  either  of  the  preceding  forms  of  fault. 
One  solution  of  the  problem  of  uniting  in  one  relay  a 
means  of  dealing  with  all  the  fault  conditions,  is  shown 
in  Fig,  22.  Tn  this  arrangenient  the  unbalanced  circu- 
lating-current system  described  with  reference  to  Fig.  20 
is  em.ployed.  The  unbalance  may  be  obtained  either 
by  inserting  resistance  in  the  circuit  or,  preferably, 
by  increasing  the  current  capacity  of  No.  2  trans- 
former, a  local  current  contributed  by  this  trans- 
former thereby  flowing  through  the  moving  coil  of  the 
relay.  This  current,  in  relation  to  the  flow  in  the  fixed 
element  energized  from  the  potential  of  the  system, 
gives  the  necessary  bias. 

With  the  development  of  leakage  to  earth  or  between 
phases,  the  increase   in   current   in    No.    i    transformer 
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Fig.  22.— Generator  protection  with  combined  differential 
and  reverse-current  relay. 

balances  the  circuit  and  ultimately  spills  through  the 
m.oving  coil  in  the  reverse  direction  operating  the  relay, 
therefore,  while  normal  delivery  of  power  continues  to 
the  busbars. 

A  reversed  flow  into  the  windings  due  to,  say,  a 
breakdown  between  turns  of  the  same  phase  will  reverse 
the  whole  current  in  the  circulating-current  system 
and,  likewise,  the  local  current  flowing  through  the 
moving  coil  which  previously  gave  normal  bias.  The 
relay  will  therefore  swing  over  to  the  operating  side 
and  disconnect  the  generator. 

To  permit  of  a  better  understanding  of  the  scheme, 
it  may  perhaps  be  advisable  to  give  an  outline  of  the 
proportion  employed  in  an  actual  installation. 

The  standard  arrangement  provides  for  No.  i  trans- 
former having  a  full-load  secondary  current  of  7  amperes. 
No.  2  transformer  at  the  other  end  of  the  winding  has 
a  secondary  current  at  full  load  of  7-5  amperes.  The 
difference  current  of  \  ampere  normally  circulates 
through  the  current  element  of  the  relay,  the  direction 
of  this  current  relative  to  the  potential  of  the  circuit 
being  such  that  the  relay  is  held  strongly  in  the  off 
position.     The    current    element    is    wound    to    carry 
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continuously  this  J  ampere  of  unbalanced  current,  and 
the  general  proportions  of  the  coil  are  such  that  the 
usual  characteristics  of  the  typical  reverse-power  relay 
are  obtained. 
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Fig.  23. — Operating  characteristics  of  combined  differential  and 
reverse-current  relay  (without  auxiliary  coil). 
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Fig.  24.— Generator  protected  by  combined  differential  and 
reverse-current  relay. 

Now,  if  we  have  a  reversed  flow  into  the  generator 
due  to,  say,  an  accident  to  the  prime  mover,  the  whole 
current  in  the  circulating  -  current  system  reverses 
including  the  1  ampere  of  unbalanced  current  which 
traverses  the  moving  coil .     The  relay  operates,  therefore. 


in  a  manner  similar  to  the  usual  arrangements  of  the 
reverse-current  relay 

Dealing  with  the  other  classes  of  fault  which  give 
rise  to  ditierential  currents  in  the  generator  winding, 
a  leak  to  earth  or  between  phases  will  increase  the  current 
in  No.  I  transformer.  The  effect,  therefore,  of  this 
increase  is  to  balance  the  relay  circuit  and  finally  to 
extinguish  the  \  ampere  of  unbalanced  current.  To 
produce  this  result  it  is  necessary  for  the  fault  current 
to  reach  a  value  sufficient  to  give  7-5  amperes  in  the 
secondary  of  No.  i  transformer.  Obviously,  the  per- 
centage fault  current  required  wDI  be  (0-5/7)  x  100 
=  7-1  per  cent.  Immediately  the  fault  current  exceeds 
7-1  per  cent,  there  is  a  reversed  flow  through  the  current 
element  which  brings  the  relay  to  the  operating  point. 
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-Operating  characteristics  of  combined  differential  and 
reverse-current  relay  (with  au.xiliary  coil). 


Fig.  23  shows  the  characteristics  of  this  scheme  obtained 
with  an  induction-type  relay. 

Should  better  protection  be  desired  on  the  differ- 
ential side,  it  is  necessary  to  install  current  transformers 
giving  a  larger  secondary  current.  For  example,  if 
we  employ  transformers  giving  secondary  full-load 
currents  of  10  and  10-5  amperes  respectively,  the  relay 
will  operate  on  the  differential  side  immediately  the 
fault  current  exceeds  5  per  cent.  As  the  same  value 
of  unbalanced  current  is  employed  the  reverse-current 
protection  remains  unaltered. 

Objection  is  sometimes  raised  to  the  reverse  current 
relay  owing  to  the  liability  of  the  device  to  become 
inoperative  with  lowered  potential.  An  addition  to 
the  previous  scheme  has  been  made  which  permits  of 
the  device  operating  if  the  fault  condition  is  associated 
with  low  potentials.     The  appropriate  means  to  secure 
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this  result  comprise  an  auxiliary  winding  consisting  of 
a  few  turns  wound  on  the  same  limb  as  the  potential 
coil.  In  a  relay  of  the  reactive  type  this  auxiliary  coil 
is  connected  in  series  with  the  current  element,  the 
relation  of  the  elements  being  such  that  the  relay  tends 
to  operate. 

Under  normal  healthy  conditions  the  small  field 
produced  by  the  auxiliary  coil  is  swamped  by  the  pre- 
ponderating field  set  up  by  the  potential  coil,  and  the 
relay  is  held  in  the  off  position.  Fault  conditions  which 
cause  a  reversed  flow  through  the  current  element 
likewise  reverse  the  polarity  of  the  auxiliary  coil,  the 
latter  now  aiding  the  potential  coil.  If  the  fault  should 
be  sufficiently  severe  to  bring  about  collapse  of  the 
voltage,  the  auxiliary  coil  will  now  provide  a  weak  field 
which  determines  the  action  of  the  relaj'.  This  scheme 
is  shown  in  Fig.  24.  Fig.  25  shows  the  characteristics 
of  this  device,  in  which  it  will  be  seen  that  operation 
at  no  volts  is  obtained  on  the  dift'erential  side  with 
30  per  cent  leakage  current.  The  curves  in  Figs.  23 
and  25  refer  to  conditions  in  which  the  voltage  and 
current  are  in  phase.  The  function  of  the  auxiliary 
coil  is  to  ensure  that  the  relay  will  not  be  rendered 
inoperative  even  under  the  most  severe  conditions. 


The    DlFFl^RENTlAL    SV.STEM    APPLIED    TO 

Feeder  Protection. 

Of  the  various  systems  operating  on  this  principle 
the  arrangements  proposed  by  Merz  and  Price  have 
been  most  extensively  employed.  As  this  system  has 
been  described  elsewhere  it  is  not  proposed  to  recapit- 
ulate the  details  here.  Developments  and  extensions 
of  the  principle  will,  however,  be  dealt  with.  All  the 
various  arrangements  of  the  Merz-Price  gear  as  applied 
to  distribution  systems  have  resolved  themselves  into 
one  arrangement — the  balanced  voltage  system.  On 
the  larger  systems  the  limitations  of  the  voltage  balance 
method  have  long  been  realized.  Current  transformers 
having  air  gaps  in  the  iron  circuit  have  been  necessary 
to  ensure  uniform  characteristics  between  the  trans- 
formers at  each  end  of  the  protected  lines,  and  also  to 
keep  the  temperature  of  the  transformer  iron  within 
reasonable  limits. 

With  long  feeder  lengths  capacity  current  in  the  pilot 
wires  necessitates  the  adoption  of  higher  fault  settings, 
which  consequently  tend  to  place  a  limit,  with  the 
higher  frequencies,  on  the  length  of  feeder  capable  of 
protection  with  this  system.  The  circulating-current 
system  of  Messrs.  Harlow  and  Faye-Hansen  with 
alternating-current  trip  reduces  the  capacity-current 
troubles  to  a  negligible  factor.  Employing  the  leakage 
current  direct,  however,  without  the  interposition  of 
relays,  raises  the  percentage  protection  given  by  this 
svstem. 

The  circulating-current  system  has,  for  the  same 
transformer  voltage,  only  half  the  capacity  current  in 
the  pilot  wires  that  is  obtainable  with  the  balanced 
voltage  system.  This  will  readily  be  understood  as 
the  balanced  voltage  system  maintains  a  uniform 
potential  between  cores  over  the  entire  length  of  the 
pilot  cable.  With  the  circulating  current  system, 
however,    the    maximum    potential    between    cores    is 


obtained  at  the  ends  adjoining  the  transformers,  a 
progressive  decrease  in  potential  being  obtained  until 
no  potential  difference  exists  between  cores  midway 
along  the  pilot  cable.  In  certain  of  the  arrangements 
shown,  only  25  per  cent  of  the  capacity  current  possible 
with  the  balanced  voltage  system  flows  through  the 
relays.     The  circulating-current  system  is  more  sensitive 
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Fig.  26. — Sheathed  pilot  wire  employed  with  balanced-voltage 
system  to  neutralize  the  effect  of  capacity  current  in  pilot 
wire. 

than  the  balanced  voltage  method,  in  that  the  leakage 
current  requires  to  flow  only  through  an  alternative 
path  connecting  equipotential  points,  whereas  with  a 
voltage  balance  the  leakage  current  has  to  be  forced 
through  the  transformers  at  the  remote  end  of  the  feeder 
in  addition  to  the  resistance  of  the  pilot  wires. 
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Fig.  27. — Circulating-current  system  and  biased  relays 
applied  to  feeder  protection. 

A  recent  development  by  Messrs.  Hunter  and  Beard 
to  overcome  the  capacity-current  difficulty  in  the  pilot 
wires  with  the  balanced  voltage  system  is  shown  in 
Fig.  26.  In  this  development  the  capacity  current 
which  traverses  each  pilot  wire  returns  by  the  metallic 
sheath  with  which  each  pilot  core  is  surrounded.  The 
relays,  it  will  be  observed,  are  unaffected  by  the  capacity 
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FiG.  28. — Three-phase  feeder  protected  by  circulating-current 
system  and  biased  reactive-type  relays. 

current  which  flows  in  the  local  circuit  formed  by  the 
metallic  sheath  and  the  pilot  wires.  A  fault  on  the 
feeder,  however,  causes  the  transformers  to  send  their 
current  through  one  another  and  through  the  relays. 
A  development  of  the  circulating- current  system 
employing  biased  relays  is  shown  diagrammatically  in 
Fig.  27.  This  arrangement  employs  the  shunted  reverse 
relav  described  with  reference  to  Figs.  5  and  18.     Current 
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normally  circulates  over  the  pilot  wires  and  through 
the  elements  of  each  relay  and  its  shunting  resistance, 
the  relative  flow  in  the  elements  being  such  that  the  relay 
remains  restrained.  If  the  input  of  the  feeder  exceed 
the  output,  the  additional  current  forces  the  load  current 
into  the  shunting  resistance.     A   portion  of  the  fault 
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KiG.  29. — Three-phast  feeder  protected  by  circulating-current 
system  and  biased  relays. 

current  traverses  the  shunting  resistance  and  flows  in 
one  element  of  each  relay  in  the  reverse  direction  by 
.way  of  the  equipotential  lead. 

A  fault  fed  from  both  ends  is  clearly  a  case  where 
the  percentage  bias  is  not  required  ;  the  relays  there- 
fore for  this  condition  operate  without  the  bias.     With 
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Fig.  30. — Circulating-current  system  applied  to  feeder  protec- 
tion with  equipotential  points  obtainable  at  each  end  of 
pilot-wire  system. 

an  arrangement  such  as  this  a  10  per  cent  bias  may  be 
employed,  and,  with  a  relay  sufficiently  sensitive  to 
operate  at  5  per  cent  beyond  this  value,  a  15  per  cent 
fault  setting  may  be  obtained.  Capacity  current  in  the 
pilot  wires  will  not  affect  the  stability  of  the  relay, 
provided  the  ratio  which  such  current  bears  to  the  load 
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P"iG.  31. — Feeder  protected  with  biased  relays. 

current  does  not  exceed  the  percentage  bias.  The 
application  of  the  arrangement  to  a  three-phase  feeder 
is  shown  in  Fig.  28.  The  primary  of  the  summation 
transformer  carries  the  sum  of  the  currents  of  the  phase 
transformers,  the  secondary  delivering  single-phase 
current  to  the  pilot  wires. 


The  employment  of  the  summation  transformer 
permits  of  the  phase  transformers  being  of  normal 
design  and  of  a  ratio  suitable  for  the  usual  5-ampere 
indicating  instruments.  The  necessary  adjustment  of 
the  ratio  required  for  the  small  pilot-wire  currents  may 
readily  be  effected  by  means  of  the  summation  trans- 
former. The  extension  of  the  biased  principle  employing 
the  mechanically  biased  type  is  shown  in  Fig.  29,  the 
extent  of  the  bias  being  dependent  on  the  ratio  which 
the  turns  of  the  operating  and  restraining  coils  bear  to 
one  another. 

The  circulating  current  system  shown  in  Figs.  28  and 
29  necessitates  the  employment  of  a  neutral  lead  con- 
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Fig.  32. — Three-phase  feeder  protected  by  circulating-current 
system  and  biased  relays. 

necting  points  at  equal  potential  at  each  end  of  the 
pilot-wire  system.  Means  whereby  these  equipotential 
points  may  be  obtained  without  the  balancing  lead  are 
shown  in  Fig.  30.  It  will  be  observed  that  if  current 
is  circulated  over  the  pilot  wires  there  is  a  continuou.; 
fall  of  potential  until  the  transformer  at  the  other  end 
Qf  the  feeder  is  reached,  the  potential  being  raised  again 
and  a  similar  progressive  decrease  existing  in  the  other 
pilot  wire.  Now  we  may  duplicate  this  condition  by 
creating  a  second  circuit  in  parallel  with  the  pilot  wires. 
If  this  circuit  have  the  same  ohmic  value,  and  similar 
current  values  are  caused  to  flow  through  it,  the  con- 
ditions as  regards  fall  of  potential  are  duplicated.  An 
infinite   number  of  equipotential   points   will   therefore 
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exist  between  the  two  parallel  circuits.  It  is  not  strictly 
necessary  for  the  duplicate  and  pilot-wire  circuits  to 
have  similar  ohniic  values  ;  these  may,  for  example, 
be  in  the  ratio  of  i  to  lo,  the  current  values  in  the 
respective  circuits  being  in  the  inverse  ratio,  a  similar 
drop  of  potential,  however,  existing  in  each  circuit. 

Fig.  31  shows  this  arrangement  of  the  circulating- 
current  system  in  conjunction  with  the  shunted  reactive- 
type  relay.  Normally  each  half  of  the  transformer 
secondary  circulates  current  in  its  own  particular  circuit, 
the  pilot-wire  current  of  course  flowing  straight  through 
the  relay  and  its  shunting  resistance.  A  fault  fed  from 
one  end  causes  the  portion  of  the  transformer  feeding 
the  pilot  wire  to  send  50  per  cent  of  its  excess  current 
into  the  duplicate  circuit,  such  current  dividing  and 
flowing  by  way  of  the  shunting  resistance  through  each 
element  of  the  relay  in  opposite  directions. 

It  will  be  observed  that  breakage  or  destruction  of 
the  pilot  wires  causes  the  transformers  at  each  end  of 
the  feeder  to  circulate  their  whole  output  into  the 
duplicate  circuits.  Advantage  may  be  taken  of  this 
feature  to  make  the  relays  operate  on  overload  by 
inserting   fuses    in    the    pilot    wires.     The   adaption    of 
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Kl(i.  33. — Feeder  protected  by  circulating-current  systmi  and 
biased  relays. 


this  arrangement  for  the  protection  of  a  three-phase 
feeder  is  shown  in  Fig.  32. 

A  further  modification  of  the  biased  system  which 
emplovs  the  reactive-type  relay  is  shown  in  Fig.  33. 
One  element,  preferably  the  moving  coil,  is  connected 
in  series  with  the  duplicate  circuit,  the  fixed  coil  being 
connected  between  the  duplicate  and  pilot-wire  circuits. 
In  this  arrangement  the  bias  is  obtained  by  making  the 
resistance  of  the  duplicate  circuits  slightly  greater  than 
that  of  the  pilot  wires.  The  effect  is  to  cause  a  small 
current  to  spill  over  from  the  duplicate  circuits  and 
flow  through  the  fixed  coil  of  each  relay  into  the  pilot- 
wire  system,  the  direction  of  the  spill-over  current  in 
relation  to  that  flowing  in  the  moving  coil  giving  normal 
bias.  If  there  be  any  difference  between  the  input  and 
output  of  the  feeder,  the  transformer  feeding  the  pilot- 
wire  system  at  the  more  heavily  loaded  end  sends  a 
portion  of  its  current  through  the  fixed  coil  in  the 
opposite  direction,  thence  through  the  moving  coil  and 
the  duplicate  circuit. 

It  will  be  observed  that  not  only  the  leakage  current 
but  also  the  load  component  of  the  current  circulating 
in  the  duplicate  circuit  helps  to  maintain  one  element 
of  the  lelay.     That  is  to  say,  practically  the  whole  energy 


output  of  the  transformers  is  employed  for  operation  of 
the  relay. 

With  increasing  load,  additional  energy  will  be  avail- 
able for  operating  the  relay  in  case  of  a  fault  ;  conse- 
quently, the  protective  devices  will,  with  increasing 
load,  show  up  to  a  certain  point  an  increase  in  sensi- 
tiveness. 

As  previously  stated,  unbalancing  troubles  are  usually 
to  be  feared  when  the  protected  circuit  has  to  carry 
momentarily  abnormal  current  values.  For  normal 
conditions  a  comparatively  small  bias  may  be  employed, 
and  an  automatic  increase  in  bias  obtained  under  the 
above-mentioned  abnormal  conditions. 

This  may  be  obtained  by  employing  two  transformers 
at  each  end  of  the  feeder  and  designing  the  pilot-wire 
transformers  so  that  they  saturate  at  earlier  values  of 
excessive  current  than  those  feeding  the  duplicate 
circuits. 

\\'ith  the  flow  of  abnormal  current  over  the  protected 
feeder  the  transformers  which  circulate  their  output 
over  the  pilot  wires  reach  the  saturated  condition  much 
earlier  than  those  which  feed  into  the  duplicate  circuits. 
The  result  is  that  the  pilot-wire  transformers,  after  a 
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F.i;.  34. — Feeder  protected  by  circulating-euiient  system  and 
biased  relays. 


certain  current  value  has  been  reached  in  the  feeder, 
fail  to  give  any  further  current,  whereas  the  secondary 
current  of  the  other  transformers  increases  proportion- 
ately with  the  feeder  current.  Upset  of  the  balance 
immediately  ensues  as  the  result  of  this  condition.  The 
transformers  which  circulate  their  output  through  the 
duplicate  circuits  attempt  to  restore  this  balance  by 
causing  more  current  to  spill  into  the  pilot  wires.  This 
current  flows  through  the  fixed  coil  of  the  relay  in  the 
direction  which  keeps  the  relay  biased.  The  result  is 
that  still  larger  current  values  spill  over  from  the  dupli- 
cate to  the  pilot-wire  circuits  and  increase  the  per- 
centage bias. 

A  modification  of  the  preceding  arrangement  in  which 
substantially  the  same  operating  characteristics  are 
obtained  is  illustrated  diagrammatically  in  Fig.  34. 
Instead  of  splitting  the  secondaries  of  the  transformers, 
the  resistances  of  the  duplicate  and  pilot-wire  circuits 
are  adjusted  so  that  half  the  transformer  output  flows 
in  each  circuit.  If  the  shunting  resistance  has  the  same 
ohmic  value  as  the  fixed  coil  of  the  relay,  it  will  be 
found  that  all  the  current  flowing  to  the  duplicate 
circuit  traverses  the  fixed  coil  and  the  pilot-wire  current 
flows  in  the  shunting  resistance.     The  moving  coil  will 
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therefore  be  connected  across  points  at  equal  potential 
and  will  carrj'  no  current.  To  obtain  the  bias,  however, 
it  is  necessary  to  make  the  ohmic  value  of  the  shunting 
resistance  slightly  greater  than  that  of  the  fixed  coil. 

A  portion  of  the  pilot-wire  current  will  therefore  be 
forced  through  the  fixed  coil  and  spill  into  the  pilot 
wires  by  way  of  the  moving  coil,  the  relative  direction 
of  this  spill-over  current  being  such  that  the  relay  is 
restrained. 

Increased  current  appearing  in  one  end  of  the  feeder 
immediately  causes  a  larger  proportion  of  the  trans- 
former output  to  flow  in  the  duplicate  circuit,  this  in- 
creased current  dividing  between  the  shunting  resistance 
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Fig.  35. — Feeder  protected  by  lever  biased  relays  and  circu- 
lating-current system. 


and  the  fixed  coil,  and  the  direction  of  the  flow  reversing 
in  the  moving  coil. 

The  substitution  of  the  mechanically  biased  relay 
with  the  same  circuit  arrangements  is  shown  in  Fig.  35. 
In  this  scheme  also,  in  the  single-phase  application, 
the  resistance  of  each  duplicate  circuit  corresponds  to 
that  of  one  pUot  wre.  Under  healthy  conditions  the 
output  of  each  transformer  distributes  itself  equally 
between  the  duplicate  and  pilot-wire  circuits.  The 
operating  and  restraining  coUs  of  each  relay  comprise 
a  similar  number  of  turns.  The  desired  degree  of 
stabiUty  is  obtained  by  biasing  the  relay.     This  may  be 
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Fig.  36. — Curve  showing  percentage  fault  current  required  to 
operate  relay  with  varying  load  current.  Lever  biased 
relay  with  5  per  cent  true  bias. 


former  current  divides  and  flows  through  the  operating 
and  restraining  coUs  in  the  ratio  of  3  to  I.  Should  the 
feeding  arrangements  be  such  that  a  reverse  current 
may  flow  from  the  remote  end,  the  transformers  oppose 
one  another  and  divert  their  whole  output  into  the 
duplicate  circuits  at  each  end  of  the  feeder.  This 
current,  it  will  be  observed,  flows  entirely  in  the  operating 
coils  of  the  relays. 

Of  the  two  circuits  which  each  transformer  supplies 
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Fig.  37. — Circulating-current  system  with  biased  relays. 
Three-phase  feeder. 

it  is  apparent  that  only  in  one  of  these  can  capacity 
current  flow.  This  refers  to  the  pilot  wires,  the  capacity 
current  of  which  ^^•ill  traverse  the  restraining  coil  of 
each  relay.  Abnormal  current  flow,  which  may  raise 
the  potential  of  the  series  transformers  to  high  values 
and  give  rise  to  considerable  capacity  current  in  the 
pilot  wires,  has  no  other  effect  than  to  increase  the 
stability  of  the  relay.  Fig.  36  shows  the  operating 
characteristics  of  this  scheme  employing  relays  which 
have  a  mechanical  or  lever  bias  of  10  per  cent  or  a  true 
bias  of  5  per  cent.  In  a  relay  of  the  mechanically 
balanced  type  having  open-circuit  plunger-type  coils 
the  pull  on  the  cores  increases  as  the  square  of  the  ampere- 
turns.     In  this   case  the  normal   load   current  flowing 
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Fig.  38. — Vector  diagram  for  three-phase  circulating-current 
system,  showing  relation  between  pilot-wire  potentials  and 
potentials  across  duplicate  circuits. 


accomplished  in  a  number  of  ways.  The  usual  method 
provides  for  the  leverage  from  the  fulcrum  to  the  re- 
straining coil  being  increased  by  perhaps  10  per  cent 
over  that  accorded  to  the  operating  coil.  Alternative 
methods  may  consist  in  increasing  the  resistance  of 
each  duplicate  circuit  b}',  say,  10  per  cent  over  the 
resistance  of  the  corresponding  pilot  wire.  The  effect 
of  this  is  to  divert  a  larger  share  of  the  transformer 
output  through  the  restraining  coU  of  each  relay.  The 
same  result  may  be  obtained  by  adding  the  requisite 
number  of  additional  turns  to  the  restraining  coils. 
In  the  case  where  a  fault  develops  on  a  dead-ended 
cable,  that  is  to  say,  where  no  reverse  flow  will  ensue 
at  the  remote  end,  the  fault  component  of  the  trans- 

YOL.    08. 


in  the  coils  of  the  relay  produces  a  high  state  of  mag- 
netization in  the  cores,  the  relay  becoming  immediately 
sensitive  to  the  addition  of  a  small  amount  of  leakage 
current  to  the  operating  coil. 

Fig.  37  indicates  the  manner  in  which  the  scheme 
would  be  applied  to  a  three-phase  feeder.  With  the 
three-phase  feeder  each  duphcate  circuit  requires  to 
have  a  resistance  equal  to  half  that  of  the  corresponding 
pilot  wire.  The  vector  diagram  for  the  three-phase 
circulating  current  system  (Fig.  38)  illustrates  the  rela- 
tion between  the  resistance  of  the  pilot  wires  and  the 
duplicate  circuits.  It  will  be  observed  that  the  drop 
from  either  end  to  the  midpoint  of  the  pUot  wires 
corresponds  to  the  potential  across  one  transformer. 

36 
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Special  Cable  Designs. 

A  number  of  special  cable  designs  have  been  developed 
which  in  themselves  partially  function  as  protective 
devices.  These  variously  employ  protecting  shields 
round  the  individual  or  all  of  the  cores,  or  leakage 
conductors  embedded  in  the  dielectric.  In  certain  of 
these  protective  cables  the  inductive  effects  of  the 
leakage  current  may  be  directly  emplo^-ed  to  trip  the 
controlling  switches  without  the  interposition  of  relays 
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Fig.  39. — Bergmaiin  protective  cable. 


or  transformers.  Such  protective  systems  may  there- 
fore be  designed  to  operate  with  comparatively  small 
leakage  currents. 

A  protective  system  employing  a  sheath  surrounding 
each  conductor  is  shown  in  Fig.  39.  This  arrangement 
due  to  the  Bergmann  Company  employs  potential 
transformers  connected  to  the  conductors  and  the 
surrounding  metallic  sheath.  The  secondaries  of  the 
transformers    actuate    a    triangularly-spaced    centrally- 
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KiG.  40. — Whitaker  protective  cable. 

pivoted  three-arm  relay  of  the  balanced  type,  the 
balanced  arm  tilting  over  to  either  side  according  to 
which  coil,  on  displacement  of  the  floating  neutral, 
develops  the  greatest  pull.  Alternatively,  instead  of 
the  surrounding  sheath  the  same  system  provides  for 
a  number  of  leakage  conductors  surrounding  the  cores. 
Mr.  Hochstadter  has  devised  a  protective  cable  which 
emp!o}'s  the  sheath  rather  differently.  This  cable  has 
the  trip  coil  placed  between  each  surrounding  sheath 


and  the  lead  covering.  This  scheme  is  reallv  an  extension 
of  ^^■aters's  system  to  all  the  cores  of  the  cable,  with  the 
advantage  that  faults  between  phases  are  also  dealt 
with. 

;Mr.  Whitaker's  scheme  which  likewise  employs  the 
shield-surrounded  core  is  illustrated  in  Fig.  40.  The 
trip  coil  in  this  scheme  is  connected  between  the  core 
and  the  shield  and,  consequently,  has  to  be  insulated 
for  the  full-line  potential.  In  the  author's  opinion  the 
shield  is  employed  to  better  advantage  than  in  the 
Hochstadter  cable,  as  a  greater  thickness  of  dielectric 
exists  between  the  outer  lead  and  the  shield.  Extraneous 
influences,  therefore,  will  not  be  so  likely  to  nullify  the 
protection  should  the  outer  or  lead  sheath  be  damaged 

Earthing  of  the  Nevtral  Point  and  its 
Relation  to  Protective  Gear. 

Earthing  the  neutral  point  is  so  related  to  the  question 
of  protective  gear  that  it  becomes  difficult  to  consider 
each  subject  separately. 

With  low-  and  medium-pressure  systems  involving 
underground  cables,  present  practice  tends  towards 
earthing  the  neutral  point.  This  earthing  may  be 
accomplished  through  a  wide  range  of  resistance  values, 
from  the  comparativelj-  high  ohmic  values  down  to 
dead  earthing,  without  any  intervening  resistance.  The 
choice  of  the  ohmic  value  for  the  earthing  resistance 
will  depend  on  the  general  extent  of  the  individual 
system  and  on  the  fault  settings  of  existing  svstems 
of  automatic  protective  gear.  With  high-pressure 
transmission  systems  other  considerations  arise  and 
the  protective-gear  question  becomes  of  secondary 
importance. 

Leakage  protective  or  core-balance  systems  may  be 
designed  to  operate  with  fault  currents  to  earth  which 
are  small  compared  with  the  full-load  rating  of  the 
circuit  or  apparatus  which  they  protect.  This  applies 
particularly  to  the  magnetic  and  current-balance  systems 
and,  in  a  lesser  degree,  to  those  of  the  mechanically 
balanced  type. 

Obviously,  earthing  resistances,  having  comparatively 
high  ohmic  values  limiting  the  earth  leakage  current 
to  moderate  values,  are  suitable  for  this  class  of  gear. 

Parallel  feeder  protection  b}"  interlocked  overload 
relays  requires  relati\-ely  large  values  of  leakage  current 
to  give  definite  and  correct  operation  to  the  protective 
devices,  the  ohmic  value  of  the  earthing  resistance 
being  governed  by  the  current  capacity  of  the  parallel 
feeders.  The  leakage  current  necessary  for  operation  of 
this  class  of  apparatus  requires  to  have  a  value  sub- 
stantially more  than  twice  the  full-load  rating  of  the 
individual  feeder.     An  example  will  illustrate  the  point. 

Assume  two  parallel  feeders,  each  carrving  200  amperes, 
and  an  earthing  resistance  capable  of  passing  400  amperes 
to  earth.  A  leakage  to  earth  on  one  feeder  at  the  extreme 
end  remote  from  the  source  of  supply  will  cause  400 
amperes  of  leakage  current  to  flow  in  the  faulty  feeder 
and  400  amperes  of  load  current  in  the  sound  circuit. 
This  results  in  an  inactive  condition  of  the  relays  at  the 
end  adjacent  to  the  source  of  supply.  If  the  reverse 
relavs  at  the  remote  end  are  connected  for  circulating 
current  they  will  operate  by  change  in  relative  quantity 
of  the  current  in  the  feeders.     If  connected  for  straight 
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reversal,   the   relays   at   this   end   will   likewise   remain 
inoperative. 

Disconnection  of  the  faulty  leeder  at  the  remote  end, 
however,  still  leaves  the  two  feeders  balanced.  To 
permit  the  relays  to  discriminate  correctly,  it  is  obviously 
necessary  to  allow  more  than  400  amperes  to  flow  to 
■earth.  If  the  earthing  resistance  were  capable  of 
passing,  say,  only  300  amperes,  disconnection  at  the 
remote  end  would  immediately  result  in  the  healthy 
feeder  carrying  the  larger  current,  faulty  disconnection 
following  therefrom. 

^^■hen  the  neutral  point  of  a  star-wound  generator 
is  earthed,  the  degree  of  protection  afforded  against 
leakages  to  earth  is  dependent  on  the  ohmic  value  of 
the  earthing  resistance  and  -the  relay  setting.  Pro- 
gressing along  each  phase  winding  towards  the  neutral 
point,  we  have  a  decreasing  difference  of  potential  to 
earth.  Clearly,  with  a  given  relay  setting  and  a  certain 
value  of  the  earthing  resistance,  a  point  is  reached 
when  insufficient  current  flows  to  operate  the  protective 
device.  It  is  difficult  to  say  at  what  minimum  voltage 
a  particular  generator  may  break  down  to  earth.  The 
author  has  reason  to  believe,  however,  that  breakdown 
corresponding  to  comparatively  small  potentials  above 
earth  has  resulted  from  mishandling  and  mechanical 
damage.  If  it  is  intended  that  the  relay  should  operate 
with  faults  which  develop  at  a  point  corresponding  to 
relatively  low  potentials,  there  is  only  one  condition, 
i.e.  to  have  the  neutral  point  solidly  earthed.  This 
gives  rise,  however,  to  extremely  large  current  values 
with  earth  faults  on  the  distribution  system.  If  again, 
the  earth  current  is  limited  by  the  earthing  resistance 
to  moderate  values,  there  is  a  point  on  the  windings 
corresponding  to  a  considerable  pressure  above  earth, 
beyond  which  there  is  no  protection  possible.  For 
instance,  with  a  6,600-volt  25,000-kw.  three-phase 
generator  protected  by  a  device  having  a  30  per  cent 
setting  and  its  neutral  point  earthed  through  a  resistance 
capable  of  passing  1,000  amperes  to  earth,  such  a  point 
on  the  windings  would  correspond  to  2,500  volts  above 
earth. 

If  the  fault  on  the  winding  were  dead  earthed,  1,640  kw. 
would  be  expended  on  the  earthing  resistance.  Should 
the  fault  develop  into  an  arcing  earth  the  maximum 
energy  expended  destructively  on  the  windings  is 
represented  by  ,\i.\  kw.  The  fault  might,  however, 
originate  at  a  point  corresponding  to  the  full  potential 
above  earth  and,  if  the  arcing  condition  is  maintained. 


energy  up  to  a  maximum  of  950  kw.  may  be  released 
for  destructive  purposes  without  operation  of  the  relay. 
If  the  protective  device  is  capable  of  a  5  per  cent 
setting,  the  inoperative  stage  is  reached  at  a  potential 
corresponding  to  420  volts  above  earth,  or,  with  the 
fault  "dead  earthed,''  46  kw.  are  expended  on  the 
earthing  resistance.  If  from  this  stage  the  arcing  earth 
develop,  the  maximum  energy  liberated  for  maintenance 
of  the  arc  is  only  11  kw-. 

Systems  of  protection  depending  for  their  action  on 
the  difference  between  the  output  and  input  of  the  pro- 
tected circuit  may  be  set  to  operate  with  leakage  currents 
substantially  less  than  the  full  load  of  the  circuit,  and 
particularly  so  with  arrangements  of  the  circulating 
current  system.  Systems  involving  special  cable  designs 
may  be  constructed  to  operate  with  small  leakage 
currents ;  such  arrangements  might  operate  on  un- 
earthed systems  where  the  earthed  capacity  current 
had  a  value  of  a  few  amperes. 

The  question  occasionally  arises  as  to  whether  the 
neutral  point  should  be  earthed  through  reactance  or 
resistance.  There  is  a  natural  tendency  to  consider 
favourably  the  use  of  reactance  on  the  score  of  price 
and  compactness.  Full  consideration  should,  however, 
be  given  to  the  possible  effect  of  the  reactance  on  the 
operation  of  reverse  current  devices  where  these  are 
dependent  on  the  potential  of  the  system  for  their 
determining  action.  If  the  excitation  for  the  reverse 
relays  protecting  the  remote  end  of  parallel  feeders  is 
taken  from  the  star  potential  of  the  system,  and  the 
currents  in  the  potential  and  current  coils  are  sub- 
stantially in  phase,  a  fault  on  one  phase  to  earth  on 
either  feeder  with  reactance  in  the  neutral  point  may 
cause  the  current  and  potential  vectors  to  assume 
positions  qo  degrees  apart.  This  will  for  the  particular 
fault  conditions  result  in  non-operation  of  the  relays. 

Where  the  excitation  is  taken  from  the  delta  potential, 
and  the  current  in  the  potential  coil  is  in^phase  with 
its  potential,  the  relative  vectors  might  be  displaced 
sufficiently  to  operate  the  relays  of  healthy  feeders  on 
forward  current  and  leave  the  relay  of  the  faulty  feeder 
inoperative  with  re\'erse  current.  \'arious  modifications 
of  the  connections  involved  and  of  the  relative  dis- 
position of  the  current  and  potential  vectors  may  be 
made  which  will  lessen  the  tendency  of  the  relay  to 
operate  incorrectly.  The  foregoing,  however,  is  illus- 
trative of  the  problems  which  must  be  taken  into  account 
I    when  employing  reactance  in  the  neutral. 


Discussion'  before  The  Institution',  29  April,  1920. 


Dr.  C.  C.  Garrard  :  The  methods  of  protection  de- 
scribed in  this  paper  are  based  upon  the  biased  principle, 
which  was  originally,  I  beheve,  developed  by  Mr.  Wed- 
more,  and  we  must  give  credit  to  him  for  his  excellent 
pioneer  work  in  that  direction.  The  author's  system  is 
really  a  differential  biased  system.  I  ha\-e  gi\-en  con- 
siderable attention  to  it,  and  I  am  of  the  opinion  that 
it  will  eventually  replace,  to  a  verj-  large  extent,  many 
of  the  existing  ones.  If  I  may  say  so,  the  author  is  rather 
obsessed  with  a  passion  for  thoroughness,  and  has  de- 
scribed too  many  alternatives.   We  need  not,  however,  be 


frightened.  The  essential  features  are  the  relays,  of  which 
there  are  three,  and  which  are  verj'  simple.  There  is, 
firstly,  the  beam  balanced  relay,  which  is  a  very  simple 
piece  of  apparatus  illustrated  in  Fig.  35  on  page  541, 
and  the  reverse  relay  shown  in  several  of  the  diagrams. 
The  beam  balanced  relay  can  be  made  a  standard  piece 
of  apparatus  easily  adjustable,  ha\ing  the  fulcrum  so 
arranged  that  the  bias  can  be  altered  to  suit  the  circum- 
stances of  any  case.  I  think  it  is  ven,'  much  better, 
wherever  possible,  to  alter  the  bias  mechanically  than 
to  use  current  transformers  with  varying  windings.     The 
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reverse  relay  is  also  \-ery  simple  ;  and  in  addition  there  is 
a  leakage  protection  relay  which  operates  on  the  core- 
balance  principle.  A  remarkable  thing  about  these 
relays  is  that  they  do  not  require  to  be  very  delicate 
like  ammeters  or  voltmeters.  Some  relays  are  used 
nowadays  which  are  described  as  ultra-sensitive,  which 
I  am  afraid  rather  frightens  the  engineers  who  use  them. 
The  author's  relays  are  somewhat  like  J  h.p.  motors, 
and  are  pieces  of  apparatus  which  a  rough-handed  switch- 
board attendant  can  adjust  without  disaster.  I  believe 
every  station  engineer  will  admit  that  this  is  a  very  great 
advantage,  as  is  also  the  fact  that  standard-wound  trans- 
formers can  be  used.  That  I  think  will  appeal  to  many 
people.  No  accurate  balancing  of  the  transformers  by 
the  back-to-back  method  is  necessars-,  and  current  trans- 
formers having  complete  iron  cores  without  air-gaps  can 
be  used.  Another  point,  as  the  author  points  out,  is  that 
capacity  current  in  the  pilot  wire  is  positively  an  ad^'antage 
because  it  mcreases  the  stability  of  the  system.  It  should 
also  be  remembered  that  if  a  pilot  wire  breaks  there  is  no 
false  protection,  because  the  cable  is  immediately  dis- 
connected. Moreover,  standard  oil  switches  can  be  used. 
For  example,  switches  with  split  contacts  are  unneces- 
sary. There  is  no  doubt  to  my  mind  that  protective 
systems  like  this,  or  the  Merz-Price  or  the  split  conductor, 
are  necessary  nowadays  for  all  large  plants.  It  will  be 
admitted,  I  think,  that  the  earthed  neutral  will  be  the 
standard  system  in  the  future.  An  earthing  resistance 
combined  with  an  efficient  protective  sj'Stem  enables 
incipient  faults  to  be  disconnected.  That  is  a  state  of 
affairs  which  cannot  be  reached  by  the  ordinary  methods 
of  overload  protection.  Therefore  every  engineer  who 
has  to  lay  out  a  large  power  scheme  must,  of  necessity, 
nowadays  consider  some  form  of  leakage  protection  or 
protecti\'e  gear  such  as  I  have  enumerated.  Coming  now 
to  the  reverse  relaj',  the  complaint  has  been  made  with 
regard  to  many  reverse  relays  that  it  the  voltage  dis- 
appears th(;  relay  is  uieflective.  I  think  the  author 
clearly  shows  in  his  paper  that  with  his  instrument  this 
is  not  so.  The  potential  coil  acts  as  a  directive  agency 
only,  and,  as  we  have  a  sample  of  current  from  each 
end  of  the  winding  of  the  machine,  even  if  the  voltage 
disappears  altogether  the  protecti\e  gear  still  remains 
effective.  If  that  is  so,  we  have  a  tremendous  advance 
over  the  ordinary-  reverse-power  relay,  which  becomes 
ineffective  if  the  voltage  disappears  on  a  dead  short- 
circuit. 

Major  K.  Edgcumbe  :  1  thuik  that  this  paper  shows 
it  is  time  the  British  Engineering  Standards  Association 
took  up  the  question  of  defining  the  terms  used  in  describing 
relays  and  other  protective  gear.  For  instance,  the  author 
uses  the  words  "  differential  protection  "  (Fig.  24)  and 
"  discriminating  protection  "  (Fig.  12)  for  practically  the 
same  idea.  Again,  I  do  not  like  his  term  "  reactive 
relay  "  for  what  is  usually  called  a  "  moving-coil  "  or 
"  dynamometer  "  relay.  The  word  "  reactive  "  is  too 
generally  associated  with  "  reactance."  I  was  particu- 
larly anxious  to  see  what  arrangement  the  author  would 
suggest  for  the  protection  of  parallel  feeders  and  inter- 
connectors  without  the  use  of  pilot  wires  or  special  con- 
ductors, but  I  regret  to  find  that  he  puts  forward  abso- 
lutely none.  He  describes  12  or  more  different  methods 
of  protecting  the  power-station  end  of  parallel  feeders — 


which  is  not  a  very  difficult  problem — but  I  cannot  find 
in  the  paper  any  scheme  which  can  be  used  for  the 
substation  end,  without  the  help  of  pilot  wires.  Fig.  14 
does,  I  think,  purport  to  protect  parallel  feeders  without 
such,  but  when  one  comes  to  look  into  it  one  finds  that 
it  cuts  out  both  feeders  on  the  occurrence  of  a  fault,  thus 
doing  away  with  any  ad\'antage  as  compared  with  plain 
overload  protective.  One  serious  objection  to  many  of 
the  proposals  lies  in  the  fact  that  accurate  balance  is 
called  for  between  windings  and  resistances.  For  instance 
in  Fig.  5,  in  order  to  get  the  correct  bias,  we  are  told  that 
we  must  make  the  resistance  of  the  shunt  circuit  i,/67th 
of  the  resistance  of  the  relay  coils.  That  may  be  easily 
done  on  paper  or  m  the  laboraton,',  but  I  do  not  see  how 
it  can  be  maintained  under  service  conditions.  Not  only 
is  there  the  contact  resistance  to  be  considered,  but  the 
coils  are  presumably  wound  with  copper  and  therefore 
the  question  of  temperature  comes  in.  Again,  I  do  not 
like  the  promiscuous  use  of  fuses — for  example  in  Fig.  g. 
It  seems  to  me  it  is  a  retrograde  step  to  introduce  fuses  in 
combination  with  relays.  A  relay  is  definite  in  its  action 
and  readily  adjustable,  whereas  a  fuse  is  at  best  a  capri- 
cious piece  of  apparatus.  In  Fig.  9,  moreover,  it  seems 
to  me  that  they  do  away  with  all  discriminating  action, 
because  with  a  number  of  these  arrangements  in  series 
the  fuses  would  all  operate  together  in  the  event  of  a  heavy 
short-circuit  somewhere  further  out  on  the  svstem. 
In  a  number  of  the  author's  schemes  it  seems  to  me 
that  surges  will  disturb  the  bias,  even  if  they  do  not 
actually  cut  out  the  wrong  feeder.  In  Fig.  6,  for  instance, 
I  think  the  sound  feeder  would  be  isolated  in  the  event 
of  a  surge,  and  the  faulty  one  would  be  left  in  circuit. 
The  author  brings  forward  several  of  the  old  and  thread- 
bare arguments  against  the  reverse  relay.  I  dealt  with 
most  of  them  in  mv  recent  paper,*  and  I  hoped  that  Mr. 
Wedmore,  in  his  contribution  to  the  discussion,  had  given 
the  quietus  to  the  remainder.  I  am  xQvy  pleased  to 
find  that  the  author  emphasizes  the  ad\'antages  of  giving 
a  bias  to  relays,  ^^'hen  I  ad\-ocated  it  in  my  paper, 
not  long  ago,  sonae  speakers  said  that  they  did  not  hke 
it  on  the  grounds  that  if  bias  were  required  it  must 
be  a  sign  of  weakness  somewhere.  I  do  not  agree  with 
that  criticism.  We  do  not  want  bias  so  long  as  everj-thing 
goes  on  all  right,  but  it  is  a  protection  against  any  acci- 
dental change  in  the  resistance  of  the  feeders  or  the  ratio 
of  the  transformers.  We  might  as  well  say  that  the 
safety  valve  of  a  boiler  was  a  sign  of  weakness  somewhere. 
So  it  is,  no  doubt.  If  everything  is  all  right  we  do  not 
need  a  safety  valve,  but  that  could  hardly  be  regarded  as 
a  \-alid  reason  for  omitting  it. 

Mr.  J.  R.  Cowie  :  On  old  systems  many  of  the  devices 
described  m  the  paj>er  are  extremely  useful,  and  on  large 
systems,  where  relay's  often  operate  when  they  should 
not  do  so,  some  of  the  de\ices  suggested  are  being  used 
successfully  as  stabilizers.  On  pages  528  to  530  of  the 
paper  these  methods  are  explained,  but  it  is  when 
page  529  is  reached  that  I  become  interested.  In  Fig.  11 
it  is  assumed  that  the  faulty  feeder  will  carry  the  excess 
current,  but  if  the  fault  is  in  the  trifurcating  box  at  the 
substation  it  appears  to  me  that  balance  will  be  main- 
tained and  the  relays  fail  to  operate  at  the  power  station. 
It  is  from  page  531  onwards  that  the  author  realh'  deals 
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with  protection  at  each  end  of  the  Una.  Fig.  13  is  good, 
but  :t  uses  pilot  wires — as  do  the  other  suggestions  from 
P^g^  538  onwards — which  mean  capital  expenditure. 
In  any  case  I  do  not  care  about  pilot  wires,  but  modem 
tendency  calls  for  them  for  telephones,  signalUng,  also 
load-summation  work.  Perhaps  the  author  will  tell  us 
what  potential  he  expects  to  get  on  the  pilot  wires.  I 
ha\'e  been  told  that  in  some  of  his  early  arrangements 
this  pressure  was  dangerously  high.  Now  he  is  using 
circulating  current.  Will  this  arrangement  disturb  any 
telephone  leads  incorporated  in  the  same  cable  ?  On 
page  532  in  the  second  column  the  remarks  on  the  pro- 
tection of  interconnectors  are  interesting.  One  wants  to 
read  this  carefully,  as  at  first  sight  the  arguments  appear 
wrong,  but  when  gone  into  carefully  the  contentions  put 
forward  are  sound.  Finally,  if  we  earth  the  neutral  solid 
we  get  adequate  protection.  Earthing  solidly  is  done, 
but  instead  of  earth  currents  limited  to  400  or  500  amperes 
we  get  values  of  four  figures,  and  I  have  heard  of  2,000 
amperes  going  to  earth  at  a  fault.  This  seems  to  me 
wTong  and  an  unnecessan,-  stram  on  the  plant.  The 
logical  development  of  parallel  feeder  protection  in  pairs 
is  the  split-conductor  s\-stem.  I  cannot  agree  that  diffi- 
culties arise  on  parallel  feeders,  i.e.  two  three-core  feeders. 
\Mien  balancing,  one  knows  the  respecti\'e  lengths  and 
can  assume  that  full  potential  is  maintained  at  one  end  of 

Lj  -  L, 
the    feeder.     We  then  have  the  formula  .^ —        "  X  100 

=  percentage  out-of-balance.  We  can  then  calculate  the 
short-circuit  current  and  get  the  out-of-balance  under 
the  worst  conditions.  I  have  feeders  running  with  a 
difference  of  22  amperes,  and  have  successfully  taken 
30  amperes  from  one  side  of  a  line.  With  regard  to 
generator  protection,  I  agree  that  when  the  main  switch 
operates,  the  field  circuit  should  be  automatically  broken, 
as  this  minimizes  fire  risk.  All  the  troubles  one  experi- 
ences in  generator  protection  have  been  put  forward — 
crippling  of  characteristic,  shifting  of  equi-potential  point, 
difficulty  in  finding  that  poii\t,  liability  to  change  due 
to  bad  joints,  coarse  settings  of  relays,  etc.  The  best 
method  appears  to  be  that  shown  in  Fig.  15,  but  I  should 
like  to  see  the  arrangement  in  Fig.  16  tried,  because  there 
is  a  wide  field  for  the  author  s  de\ices  in  generator  pro- 
tection. The  systems  described  on  pages  538  to  540  are 
useful  and  good,  but  all  use  pilot  wires,  which  ought  not 
to  be  adopted  unless  there  is  nothing  else  to  be  done. 
They  cost  a  lot  of  money,  and  when  they  go  wTong  we 
raa.y  still  believe  the  protective  gear  to  be  in  commission, 
although  it  is  not.  I  remember  one  case  of  a  pilot  cable 
going  wrong.  We  could  not  find  out  what  was  wrong 
until  we  put  a  telephone  on  the  line  and  then  we  could 
hear  it.  Ultimately  we  located  it.  The  next  case  I 
remember  was  that  of  a  pilot  cable  passing  through  very 
wet  ground.  We  found  when  we  were  testing  and  ringing 
through  the  cable  to  see  if  everj-thing  was  all  right  that 
the  cable  had  broken  down.  The  protecti\'e  gear  is  now 
put  through  on  another  protective  arrangement  because 
of  the  great  expense  in  renewing  that  pilot  wire.  For 
transformers  arranged  in  groups  the  protection  which  I 
use  is  the  circulating-current  system,  and  that  apparatus 
is  sensitive  enough  to  disconnect  a  transformer  with  a 
break  in  one  priman,-  winding.  I  remember  a  case  of  a 
transformer  failing,  and  when  we  put  a  pressure  test  of 


13,000  volts  on,  we  could  not  find  anything  wrong.  We 
switched  it  in  and  knew  that  there  was  still  something 
wTong.  The  core  was  taken  to  the  workshop,  and  we 
then  found  out  by  putting  a  hea\'y  current  through  the 
winding  and  taking  a  drop  test  that  one  phase  had  a  break 
in  it.  The  gear  is  therefore  very  sensitive.  The  author 
and  Major  Edgcumbe  say  that  we  should  use  ordinary 
switches  and  compensate  on  the  relays  for  series  and 
potential  transformer  defects.  Yes,  if  we  can,  but  with 
the  split  conductor  switch  we  only  use  one  switch  against 
two.  Merz-Price  gear  starts  by  impro\ing  the  transformer 
characteristic,  but  it  does  not  go  far  enough,  not  e\en 
with  the  distributed  air-gap  transformers,  and  com- 
pensated pilot  cables.  The  circulating  capacitj-  current 
is  its  trouble.  Split-conductor  gear  is  nearest  to  the 
ideal ;  this  system  uses  special  cables  and  switches,  but 
the  gear  is  difficult  to  handle  when  tee  feeders  come  into 
the  system.  The  special  cables  have,  however,  a  high 
rating.  Finality  will,  in  my  opinion,  only  be  reached  b}' 
tackling  the  problem  at  the  series-transformer  end,  and  I 
hope  some  dav  to  use  ordinary  switches  and  ordinary 
cables  with  a  new  t\-pe  of  series  transformer. 

Mr.  E.  B.  Wedmore  :  The  kind  remarks  of  the  author 
and  pre\ious  speakers  disama  criticism.     There  are  some 
five  known  tj-pes  of  relay,  some  10  protective  principles, 
and  some  20  conditions  of  service,  and  if  we  ring  the 
changes  on  these  we  can  make  a  thousand  diagrams.     I 
feel  that  anyone  who  offers  a  paper  of  this  kind  should 
have  full  regard  to  the  prior  art,  and  in  each  case  should 
show  the  reason  why  he  prefers  the  particular  arrangement 
that  he  has  selected  out  of  the  thousand  or  more  a\-ailable, 
so  that  one  may  follow  the  advance  of  the  art.     In  this 
paper  we  are  offered  a  variety  of  de\ices  for  the  same 
purpose,  and  the  author  has  not  distinguished  between 
their  relative   merits   and   shown   whether   or  not   they 
represent  a  real  advance.     Some  of  the  devices,  too,  are 
so  lightly  touched  upon  that  it  is  impossible  to  discuss 
•them.     Such,  for  example,  is  ]Mr.  WTiitaker's  protective 
system  referred  to  in  Fig.  40,  a  system  quite  distinctive 
and  never  yet  fully  ventilated.     I  agree  with  most  of  what 
Mr.   Cowie  has  said.     I   think,   howe\-er,   that   we   shall 
hear  a  great  deal  more  of  Merz-Price  protection  in  the 
future.     The  Merz-Price  system  was  side-tracked  by  the 
introduction  of  the  split-conductor  system,  which  offered 
to  solve  all  the  difficulties  of  the  Merz-Price.     But  the 
split-conductor  system  itself  has  its  limitations.     There 
are  conditions  which  militate   against   it :   for  instance, 
where  we  have  regulators  in  the  feeders  or  where  we  wish 
to  deal  with  step-up  and  step-down  transformers  in  a 
line  as  one  unit,  and  other  features  such  as  the  use  of  a 
special  switch.     I  believe  the  steps  that  are  now  being 
taken    to   overcome    the   well-known    limitations  of  the 
early  Merz-Price  apparatus  will  lead  to  good  results.     A 
brief  reference  is  made  in  the  paper  to  Mr.  Beard's  pro- 
posals for  overcoming  capacit\-  current  in  the  pilot  wire  : 
I  refer  to  Fig.  26.     That  system  has  b>een  tried,  but  I  do 
not  think  it  will  go  very  far,  because  of  the  high  cost  of 
the  pilot  wire.     I  believe  the  solution  is  more  likely  to 
be  found  on  the  lines  of  distinguishing  between  faults  to 
earth  and  faults  between  phases  in  the  protective  appar- 
atus.    The   reason    why    we   want   sensitiveness   in    the 
Merz-Price  system  is  to  deal  with  faults  to  earth.     The 
reason  why  we  want  ability  to  stand  tremendous  short- 


546 


McCOLL:   AUTOMATIC   PROTECTIVE   DEVICES 


circuits  is  to  deal  with  short-circuits  between  phases. 
If  we  differentiate  between  those  two  conditions  we  can 
at  once  greatly  extend  the  range.  We  want  a  portion  of 
the  apparatus  to  be  sensitive  to-  faults  to  earth  only, 
and  this  portion  can  readily  be  made  insensitive  to  heavy 
short  circuits.  Then  we  want  a  portion  to  be  operative 
on  faults  between  phases  only  and  with  high  settings. 
In  this  way  we  may  extend  the  range  of  utility-  of  the 
apparatus  by  lo  to  i  or  more.  I  think  the  author  has 
been  the  first  to  realize  and  incorporate  in  his  devices  the 
feature  that,  in  applying  a  balanced  system  to  generators, 
one  should  recognize  that  the  unbalancing  will  always  be 
in  one  direction.  He  utilizes  this  in  obtaining  a  bias, 
and  greater  sensitiveness.  I  wish  he  had  given  us  a  little 
more  in  detail  of  the  results  he  has  obtained  in  practice. 
I  think  some  of  the  arrangements  shown  will  not  live 
under  servdce  conditions.  I  should  like  to  ask  whether 
the  generator  protective  system  showai  in  Fig.  i8  has  been 
actually  tested  out  and  compared  with  that  shown  in 
Fig.  15.  Even  if  the  two  systems  gave  equal  test  results, 
I  would  still  favour  Fig.  15,  because  it  involves  the  use  of 
apparatus  which  is  of  a  more  simple  and  robust  character. 
One  of  the  weaknesses  which  must  be  overcome  is  the 
multiplicity  of  parts.  One  is  not  predisposed  to  regard 
it  as  an  advance  in  the  art  of  obtaining  reliability  and 
stability  when  one  finds  that  moving-coil  relays  have  to 
be  substituted  for  simple  electromagnets,  and  relays  with 
two  or  more  coils  and  resistances  and  so  forth  ;  but  il  the 
apparatus  is  well  designed  and  well  tested  out  I  am  sure 
the  author  deserves  to  succeed  with  it. 

Mr.  H.  W.  Clothier  :  The  idea  of  biased  protec- 
tion would  have  been  a  great  comfort  in  the  early  days 
of  experiment  and  development  of  Merz-Price  protec- 
tion when  the  avoidance  of  tripping  of  heavy  "  straight 
through  "  excess  currents  was  one  of  the  leading  con- 
siderations. At  that  time  the  effect  of  capacity  current 
in  the  pilot  wire  and  the  instability  of  current  trans- 
formers working  in  voltage  opposition  were  real  diffi- 
culties. These,  however,  for  the  time  were  overcome 
by  using  transformers  with  a  high  straight-hne  charac- 
teristic. In  order  to  obtain  this,  resistances  in  parallel 
with  the  primary  or  secondary  coils  were  tried,  but 
owing  to  the  additional  connections  involv-ed  and  the 
risks  of  deterioration  and  variation  in  the  resistance, 
these  were  given  up  in  favour  of  air-gap  transformers. 
As  the  length  of  feeders  increased,  the  effect  of  capacity 
current  became  more  marked,  and  the  margin  between  the 
fault  tripping  current  and  the  safe  "  straight  through  " 
current  became  too  fine,  and  split-conductor  protection 
was  introduced.  Since  then,  however,  it  has  been 
proved  that  by  the  use  of  a  compensated  pilot  cable, 
mentioned  by  the  author  (Fig.  15),  the  unbalancing 
effect  of  capacity  current  is  a\-oided  by  diverting  the 
capacity  current  from  the  path  of  the  relay.  The  air- 
gap  transforrners  are  now  made  in  the  multi-gap  form 
practically  independent  of  external  interference,  and 
having  a  straight-line  characteristic  up  to  10,000 
amperes.  These  would  operate  a  robust  electromagnet 
type  of  relay  at  a  fault  current  of  500  amperes,  or  with 
the  more  sensitive  Fawssett-Parry  relay  160  amperes. 
This  development  resuscitates  the  original  Merz-Price 
feeder  balance  protection,  making  it  suitable  for  all 
lengths    of    cables    and    voltages    of   transmission,    and 


gaining  for  it  an  advantage  over  split  conductor,  par- 
ticularly in  respect  to  economy  on  extra-high-tension 
feeders.  The  cost  of  the  pilot  wire  may  be  reduced 
and  the  inconvenience  of  it  disappears  when  it  is  possible 
to  use  the  conductors  in  a  complete  cable  together  with 
the  necessary  telephone  leads.  In  all  these  investiga- 
tions importance  was  attached  (i)  to  the  use  of  relays 
and  transformers  of  simple  construction  and  with  con- 
nections which  could  be  plainly  followed  by  any  opera- 
tive of  ordinary'  intelligence  ;  (2)  to  avoid  the  inter- 
vention of  artificial  resistances,  capacity,  or  any  devices 
which  add  to  the  number  of  independent  parts  and  con- 
nections, any  one  of  which,  if  defective,  would  tend 
either  to  render  the  gear  inoperative  or  to  cause  prema- 
ture operation  ;  (3)  to  obtain  a  system  of  universal 
apphcation,  viz.  for  ring  mains,  occasional  tees,  parallel 
feeders,    etc. 

A  considerable  measure  of  success  has  been  achieved, 
but,  apparently,  it  is  now  suggested  that  there  i& 
scope  for  reform  in  respect  to  sensitiveness  of  fault 
setting.  At  present  any  tendency  to  trip  on  excess 
"  straight  through  "  currents  can  be  counteracted  by 
an  increased  margin  on  the  fault  setting,  but  I  under- 
stand the  alleged  objection  to  obtaining  stabihty  in 
this  way  is  that  an  excessive  fault  setting  may  be  the 
cause  of  unnecessary  damage  to  plant  occasioned  by  the 
arc  prior  to  the  isolation  of  the  fault.  This  change  arises 
out  of  the  further  increase  in  the  plant  capacity  which 
it  is  now  the  practice  to  install  in  generating  stations. 
It  is  a  matter  requiring  careful  investigation.  Plant 
has  so  far  been  safeguarded  against  excessive  damage, 
not  so  much  by  reducing  the  fault  setting  to  a  minimum 
as  by  increasing  to  a  maximum  the  speed  at  which  the 
fault  can  be  cleared  from  the  system.  The  author  does- 
not  state  to  w-hat  extent  the  devices  he  describes  have 
been  tried  in  practice.  The  unexpected  frequently 
happens  in  protective  gear  work,  and  it  is  rarely  safe 
to  foresee  faultless  operation  without  extended  practical 
trial.  For  instance,  a  magnetic  balanced  relay  as 
shown  diagrammatically  in  Fig.  i  was  tried  for  Merz- 
Price  current  balancing,  but  failed  as,  owing  to  flux 
leakage,  the  separate  limbs  acted  as  independent  magnets, 

!  and  I  would  anticipate  a  similar  result  from  an)'  attempt 
to  make  a  relay  of  this  form  into  a  magnetic  balanced 
relay  for  leakage  protection.  The  mechanical  balance 
as  in  Fig.  3  seems  more  practicable,  although  in  this 
case  the  poise  of  the  rocking  arm  may  be  unstable  at 
certain  conditions  of  load,  and,  therefore,  the  relay 
may  be  susceptible  to  vibration.  With  regard  to 
Fig.  4  is  it  not  unusual  to  require  protection  against 
unsymmetrical  loading  ?  The  arrangement  of  relay 
shown  in  Fig.  5  is  a  fundamental  one  appearing  on 
feeder  and  generator  protection  in  later  parts  of  the 
paper.     It  requires  to  be  seen  in  operation  to  be  properly 

t  appreciated,  but  at  sight  of  the  diagram  it  would  appear 
that  the  bulk  of  the  energy  from  the  transformers  is 
absorbed  by  the  shunting  resistance,  and,  but  for  the 
statement  of  Dr.  Garrard,  I  should  have  thought  that 
the  power  left  to  operate  the  relay  was  such  as  to  neces- 
sitate very  dehcate  types.  On  page  539,  a  lo  per  cent 
bias  may  be  employed  giving  15  per  cent  fault  setting. 
This,  compared  with  what  has  been  done  before  with 
]Merz-Price    protection,    is    remarkably    low.     Will    the 
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author  give  particulars  of  the  volt-amperes  required 
to  operate  the  relays  under  such  conditions  and  the 
maximum  "  straight  through""  primary  current  at 
■which  stabihty  with  these  relays  has  been  obtained  ? 
Referring  to  Fig.  26,  the  author  shows  the  secondary 
of  the  protective  system  connected  at  both  ends  to 
earth.  In  an  industrial  district  there  would  certainly 
be  great  risks  of  sufficient  potential  difference  between 
the  two  earthed  places  at  the  respective  ends  to  cause 
premature  operation,  and  on  this  account  it  is  the 
practice  to  earth  at  one  end  only.  A  system  as  shown 
on  Fig.  29,  using  normal  instrument  current-trans- 
formers, would  need  to  have  bias  to  guard  against  the 
effect  not  only  of  capacity  current,  but  also  of  the 
accumulated  unbalancing  of  the  several  interconnected 
transformers,  because  each  one  will  have  a  vectorial 
difference  in  voltage  owing  to  irregularity  in  the 
permeabihty  of  other\vise  identical  iron  cores,  par- 
ticularly at  low  flux  densities  and  at  and  abo^■e  the 
saturation  point. 

The  author  seems  to  favour  Harlow  and  Faye- 
Hansen's  suggestion  of  1910  that  current  balancing  was 
■  an  improvement  over  voltage-balancing  for  feeder  pro- 
tection. It  will  be  interesting  to  know  the  reason  why 
this  method  has  not  matured.  Something  may  have 
transpired  on  further  investigation  to  show  that  the 
system  of  current  balancing  which  was  less  attractive 
in  practice  than  at  first  appeared  on  paper.  Maybe 
it  was  found,  except  for  very  short  lengths  of  cable, 
that  the  current  balance  did  not  actually  reduce  the 
capacity-current  trouble  so  much  as  at  first  expected. 
Current  balancing  for  feeders — at  one  time  called 
"  neutral  wire  balancing  " — was  tried  on  the  North- 
East  Coast.  A  test  was  made  in  1907  on  13  miles  of 
cable  with  transformers  of  straight-hne  characteristic 
and  balanced  to  6,000  amperes.  The  fault  current  to 
trip  on  an  open-ended  feeder  was  400  amperes.  The 
"  straight  through  "  current,  before  reaching  the  critical 
point  of  instabihty,  was  3,000  amperes.  A  margin  of 
7-5  to  I.  This  was  better  than  the  margin  on  corre- 
sponding apparatus  for  voltage  balance.  But  the 
"  neutral  wire  balance  "  was  not  suitable  for  the 
protection  of  a  feeder  with  a  tee,  as  the  variable 
load  current  through  the  tee  made  it  impossible  to 
fix  definite  equi-potential  points.  Whilst  admitting 
that  protection  systems  would  be  improved  by  the 
introduction  of  the  bias  which  promises  unlimited 
"  straight  through  "  current  carrj-ing,  one  must  con- 
sider the  disad\antages.  Amongst  these  are  obvi- 
ously :  (i)  more  complicated  relay  ;  (2)  extra  connections, 
and  other  parts.  Whether  there  are  operating  objec- 
tions which  would  appear  in  practice,  such  as  the  effects 
of  magnetic  inertia  of  relays  when  suddenly  switching, 
or  the  instance  of  an  internal  fault  occurring  simul- 
taneously with  an  external  fault,  remains  to  be  proved 
by  years  of  practical  application  or  equivalent  elaborate 
test  before  one  can  be  so  sure  of  it  as  of  the  existing 
known  systems.  With  regard  to  generator  and  trans-  . 
former  protection,  I  do  not  think  the  author  is  quite 
right  in  saying  that  "  opinion  until  recently  was 
generally  adverse  to  installing  protective  devices  on 
generating  plant."  I  know  of  110  large  generators 
protected   by    Merz-Price   current    balance   since   1914. 


Other  manufacturers  could  doubtless  add  to  this  number 
very  materially. 

The  self-balance  system  shown  in  Fig.  5  is  the 
simplest,  and  as  it  has  also  been  proved  to  be 
effective  in  practice,  it  leaves  very  little  room  for 
improvement  by  the  introduction  of  the  additional 
parts  and  connections  which  would  be  required  for 
the  biased  system  as  illustrated.  The  maximum 
"  straight  through  "  current  which  generator  protection 
is  required  to  withstand  is  the  momentary  maximum 
short-circuit  current  of  one  generator  onl5'.  This  is  a 
limited  amount  which  is  definite  and  can  be  accurately 
dealt  with,  and  there  should  be  no  difficulty  in  securing 
stability,  given  ordinary  care  in  the  design  and  manu- 
facture of  the  current  transfoimers  and  relays.  For 
example,  in  a  recent  case  a  large  modern  generator 
having  a  full-load  current  of  2,250  amperes  was  fitted 
with  gear  giving  instantaneous  isolation  at  a  fault 
current  of  300  amperes,  13 '3  per  cent.  This  was  de- 
signed to  be  stable  up  to  30,000  amperes  "  straight 
through  "  current.  Taking  a  broad  average,  and  giving 
due  consideration  to  the  tendency  in  the  design  of 
modem  large  generators  to  reduce  the  maximum  short- 
circuit  current  per  generator,  there  should  be  absolute 
security  with  self-balance  protection  at  fault  settings 
of  20  per  cent  of  full-load  current.  This  should  be 
sufficiently  low  for  all  practical  purposes,  but  if  it  were 
deemed  necessary  there  is  still  scope  for  improvement 
in  the  construction  of  the  relay  which  at  present  is 
the  ordinary  robust  electromagnet  type,  somewhat 
similar  to  that  used  for  common  overload  protection. 
This  system  is  independent  of  the  potential  element 
altogether  ;  that  is,  it  depends  entirely  upon  the  current 
function.  It  is  thus  immune  from  the  troublesome 
disturbances  created  by  variations  in  pressure  and  phase 
displacement.  The  system  shown  in  Fig.  16  of  "  current 
balance  "  protection  with  biased  relays  has  also  this 
latter  advantage.  It  has,  however,  the  disadvantage  of  a 
more  intricate  relay  and  connections,  whereas  the  self- 
balance  dispenses  with  the  factors  which  created  the 
need  for  the  bias.  The  arrangement  shown  in  Fig.  22, 
whilst  providing  for  additional  protection,  viz.  faults 
between  turns  by  reversal  of  current,  and  also  by 
reversal  due  to  failure  of  the  prime  mover,  has  the 
disadvantage  of  introducing  the  potential  element  into 
the  relay.  The  fault  between  turns  has  not  nearly  so 
serious  an  effect  on  the  system  as  the  fault  between 
phases  and  to  earth.  Therefore,  it  is  not  so  essential  to 
cut  it  out  instantly,  and  so  it  may  be  left  for  the  short 
time  which  it  requires  to  develop  to  earth,  when  it  will 
be  isolated  so  quickly  as  to  avoid  much  further  damage. 
The  failing  prime  mover  gives  sufficient  warning  for 
hand  isolation  ;  moreover,  it  does  not  incur  such  risks 
of  interruption  of  supply  as  to  necessitate  instan- 
taneous removal.  Any  system  depending  for  its 
operation  upon  the  reversal  of  current  must  be 
fitted  with  an  artificial  time-lag  in  order  to  avoid 
premature  and  unnecessary  operations  on  momentary 
reversals  of  current,  such  as  may  occur  during  syn- 
chronizing and  other  switching  operations.  It  will  be 
seen  that  those  particular  faults  for  which  instan- 
taneous release  is  not  necessan,-,  may  be  dealt  with  by  a 
separate    reverse-current  protection  with  time-lag,  but 
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these,  if  used  at  all,  should  be  used  only  as  an  adjunct 
to  some  balanced  system  with  instantaneous  release. 
The  system  shown  in  Fig.  22,  to  be  complete,  must 
have  instantaneous  release  for  the  faults  between  phases 
and  to  earth,  and  time  limit  to  avoid  premature  opera- 
tion on  momentary  reversals.  The  essential  feature  in 
restricting  damage  to  generators,  and  this  applies  also 
to  transformers,  is  the  rapidity  of  the  isolation  of  the 
fault  between  phases  and  to  earth,  and  the  simultaneous 
destroying  of  the  main  field.  The  rapidity  of  operation 
is  of  greater  moment  than  highly  sensitive  fault  settings. 
I  agree  with  Major  Edgcumbe's  proposal  to  standardize 
nomenclature,  but  I  would  go  farther  and  endeavour 
to  standardize  the  requirements  of  users.  'Jhe  subject 
is  so  important  as  to  warrant  in  the  future  a  panel  of 
expert  users  to  .give  consideration  to  such  proposals 
and,  where  necessary,  to  carr\^  out  reseai  h  in  the 
development  of  these  new  ideas.  In  the  n.eantime  I 
think  this  paper  marks  a  distinct  phase  in  the  art  of 
automatic  protective  gear. 

Mr.  H.  Brazil  :  I  should  like  to  emphasize  what 
has  already  been  brought  out  by  Major  Edgcumbe 
and  Mr.  Clothier,  namely,  that  there  is  more  in  this 
paper  than  we  can  readily  assimilate,  and  the  author 
does  not  give  us  the  benefit  of  his  experience  by  stating 
what  he  considers  to  be  the  best  scheme  for  any  par- 
ticular purpose.  One  learns  from  bitter  experience 
that,  in  actual  working,  conditions  continually  arise 
which  were  not,  or  possibly  could  not,  be  foreseen. 
Speaking  from  the  supply  engineer's  point  of  view,  one 
naturally  wishes  to  know  which  of  the  schemes  have 
been  put  into  actual,  practical  use,  and  whether  they 
have  worked  as  satisfactorily  as  they  would  appear  to 
do  on  paper.  My  feeling  is  that  .several  of  the  schemes 
described  aim  at  too  fine  a  discrimination,  and  the 
author  admits  that,  in  order  to  prevent  circuits  being 
opened  when  they  should  not  be,  the  sensitiveness  of 
the  relays  has  to  be  reduced.  Coming  now  to  the  ques- 
tion of  earthing  resistances,  I  should  like  to  suggest, 
first  of  all,  that  it  is  a  mistake  to  call  the  current  which 
rtows  to  earth  when  a  fault  occurs  (which  current, 
according  to  Mr.  Cowie,  may  reach  2,000  amperes)  a 
leakage  current  ;  this  term,  I  think,  should  be  applied 
to  currents  of  comparatively  small  value  only,  which 
do  not,  necessarily,  themselves  disturb  the  supply,  and 
which  may  be  on  for  hours,  or  days,  or  even  continuously. 
The  author  states  that  if  the  olimic  value  of  the  earth- 
ing resistance  is  too  high,  with  certain  kinds  of  faults, 
the  current  that  passes  to  earth  may  not  be  sufficient 
to  trip  the  automatic  and  cut  out  the  faulty  machine. 
The  particular  case  that  he  refers  to  is  where  a  fault 
occurs  somewhere  down  the  leg  of  a  star-connected 
alternator,  and  although  in  my  experience  the  great 
majority  of  faults  occur  on  the  first  few  coils,  the  case 
that  he  mentions  may  have  to  be  dealt  with.  The 
author  bases  his  statement  on  the  assumption  that  an 
earthing  resistance  is  employed  which  either  has  a  fixed 
ohmic  value  or  increases  in  ohmic  value  as  it  heats 
up,  I  should  like  to  point  out  that  if  a  resistance 
is  installed  having  the  opposite  characteristic,  namely, 
a  negative  temperature  coefficient,  the  danger  he 
mentions  would,  to  a  very  large  extent,  disappear. 
Although  the  potential  on  the  resistance  may  be  con- 


siderably less  than  the  star-voltage  to  earth,  as  it  heats 
up  the  ohmic  value  decreases  until  eventually,  if  the 
fault  remains  on,  the  necessary  current  to  trip  the 
automatic  is  reached. 

Mr.  A.  M.  Taylor  :  I  hope  the  author  will  say  defi- 
nitelj-  in  his  reply  which  method  of  protection  he  con- 
siders to  be  the  best  for  open-ended  feeders,  which  for 
existing  parallel  trunk  feeders  that  have  not  yet  been 
protected  by  any  of  the  spUt-conductor  methods,  which 
for  the  same  conditions  on  new  systems,  which  for  inter- 
connectors,  and  which  for  generators.  There  are  one 
or  two  questions  I  should  like  to  ask.  For  instance, 
where  we  have  got  trunk  feeders  protected  from  the 
generating  stations  to  a  substation  on  the  split-con- 
ductor principle,  and  then  from  that  substation  onwards, 
either  to  another  generating  station  or  to  another  sub- 
station, we  have  got  numerous  existing  feeders  pro- 
tected by  the  various  older  methods  (i.e.  without  pilot 
wires  or  split  conductors),  what  is  the  best  method  to 
adopt  to  protect  some  of  these  ?  In  some  cases  that 
I  know  of,  some  of  these  feeders  practically  run 
as  trunk  circuits  from  the  substation  to  another 
generating  station.  \\Tiat  can  most  easily  be  done  to 
utilize  these  feeders  and  protect  them  successfully  so 
that  they  will  comply  with  modern  requirements  ?  Is  it 
possible,  for  instance,  to  take  a  couple  of  three-phase 
feeders  that  run  side  bv  side  and  to  balance  them  against 
one  another  on  the  spUt-conductor  method  ?  Is  that 
being  done,  and  if  so  where  and  with  what  success  ? 
I  should  also  hke  to  mention  the  question  of  faults 
between  phases.  As  far  as  I  know  all  the  present 
methods  of  protection  for  clearing  a  fault  between 
phases  depend  upon  the  principle  that  if  the  current 
leaks  out  of  one  phase  and  gets  across  to  the  other 
there  must  be  somehow  or  other  a  fraction  of  current 
that  leaks  to  earth  at  the  same  time,  and  therefore  the 
core-balance  effect  comes  in  to  give  protection.  If  I 
am  wrong,  perhaps  the  author  will  put  me  right.  Other- 
wise, I  do  not  see  how  we  can  differentiate  between  a 
mere  overload,  or  out-of-balance  load  current,  and  a 
fault  between  phases.  As  regards  the  fine  setting  of 
relays,  I  believe  this  to  be  the  line  we  want  to  adopt. 
^^■e  want  to  get  these  balance  arrangements  introduced 
wherever  possible,  so  that  we  can  put  quite  substantial 
currents  through  our  feeders  to  other  parts  of  our 
systems,  and  can  be  sure  that  the  relays  will  not  come 
out  unless  there  is  something  radically  wrong  in  the 
particular  section  protected  by  them.  In  that  con- 
nection it  seems  that  the  practice  of  putting  overload 
relays  in  series  with  Merz-Price  arrangements  is  rather 
a  weakness,  not  only  of  the  Merz-Price  but  of  all  forms 
of  spht  conductors.  I  know  of  cases  in  which  overload 
relays  hav-e  been  installed  which  would  operate  at  a 
comparatively  small  current.  \Miat  is  the  good  of  these 
spht-conductor  systems  and  of  being  able  to  pass  a 
large  current  through  them  if  the}-  are  going  to  operate 
owing  to  the  overload  relay  at  the  end  and  yet  are 
.  quite  sound  all  the  time  ?  With  a  trunk  system  to  the 
busbars  of  a  substation  and  a  large  number  of  branches 
from  that  substation,  surely  it  is  better  to  have  that 
trunk  svstem  at  work  at  all  costs,  short  of  an  actual 
breakdown  on  the  busbars  of  the  substation  or  on  the 
trunk  itself,  than  to  have  anything  in  the  nature  of  an 
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overload  relay  in  those  trunks.     Let  the  busbars  and 
the  feeders  outgoing  from  the  substation  be  protected 
with  overload  relays,  but  let  the  main  trunks  hold  on. 
That  seems  to  be  the  natural  thing  to  do.     To  do  other- 
■wise  is  to  suggest  that  the  busbars  cannot  be  protected 
as  well  as  the  feeders.     Potential  transformers  on  the 
busbars  can  be  largely  protected  against  pulling  down 
the  busbars  by  putting  in  three  single-phase  potential 
transformers  in  three  separate  fireproof  compartments 
instead  of  one  three-phase  transformer.     This  improve- 
ment we  introduced  in  Birmingham  several  years  ago. 
Mr.  W.  Wilson  :  I  think  the  author's  schemes  possess 
two    outstanding    advantages.     One    of    these    is    that 
quite    ordinary    apparatus    is    used — standard    current 
transformers  and  simple  and  robust  relays.     In  this  con- 
nection I  should  like  to  acknowledge  a  weakness  for  the 
beam  balance  relay,  which  is  especially  simple  in  prin- 
ciple,   construction,    and   adjustment.     Secondly,    there 
is   the   principle  of  what   I   may  term   a   floating  trip 
setting.     We  all  know  that  30  per  cent  of  the  capacity 
of  a  50,000  kw.  alternator  is  a  ven,-  large  amount  of 
power  to  be  let  loose  in  destroying  the  windings  ;    and 
by  this  expedient  of  permitting  a  small  fault  setting 
when  the  load  is  normal,  and  increasing  it  proportionately 
to    any   overload    which   may   occur,    the    author    has 
been  able  to  reduce  the  fault  setting  to  a  very  safe  value. 
Again,    the    methods    which    the    author    has    brought 
forward  need  no  delicate  adjustment.     Major  Edgcumbe 
referred  to  the  i  to  67  ratio  specified  on  page  528,  but 
as  I  read  the  paper,  the  question  is  not  one  of  balance. 
The  current  divides  itself  between  two  paths,   and  if 
the  stated  proportion  is  obser\'ed,  exactly  the  desired 
bias  is  secured.     If,  instead  of  i  to  67,  the  ratio  is  i  to 
70  or  I  to  60,  I  take  it  that  the  bias  wiU  be  shghtly 
different  from  the  3  per  cent  contemplated,  but  that ' 
in  all  other  respects  the  apparatus  will  go  on  as  before. 
With    regard    to    the    numerous    methods    suggested, 
several  speakers  have  raised  the  question  as  to  which 
alternatives  should  be  recommended,  and  I  should  like 
to  state  my  own  opinions.     I  particularly  like  Fig.  16 
for  protecting  transformers  and  generators,  when  there 
is  no  objection  to  power  flowing  back  into  the  apparatus. 
I   think  the  advantages  of  simplicity  are  particularly 
evident  in  that  figure,  operating  as  it  does  by  means 
of  the  beam  balance  form  of  relay.     In  Fig.  24  I  was 
agreeably  surprised   by  the   completeness   of  the   pro- 
tection which  one  can  obtahi  from  this  diagram.     Being 
able  to  protect  against  faults  in  the  excitation,  and  in 
the  prime  mover,  as  well  as  between  turns  of  the  same 
phase,  is,  I  think,  a  step  forward  for  which  we  should 
be  grateful.     For  feeder  protection,  the  scheme  shown 
in  Fig.  35  is  again  a  beam  balance  system  and  is  very 
simple    and    effective.     The    adjacent    figure.    Fig.    37, 
looks  complicated,  but  that  is  merely  because  the  author 
has    made   the   diagram    represent    the    protection    of 
the    complete   three   phases.     With   regard   to   Fig.    3, 
this    shows    a    simple    scheme    upon    the    core-balance 
principle  which  should   be   very   useful   for  protecting 
such  apparatus  as  station  auxiharies.     Here   I  should 
like  to  suggest  a  simpUfication.     Instead  of  using  two 
overlapping  relays,  it  seems  to  me  that  good  operation 
might  be  obtained  by  having  a  single  relay  with  con- 
tacts at  either  end  and  two  fulcra  close  together  in  the 


middle.  Supposing  the  left-hand  coil  to  suck  down 
its  plunger,  the  left-hand  fulcrum  would  come  into  play 
and  would  give  the  desired  bias  ;  and  the  same  holds 
good  with  regard  to  the  right-hand  fulcrum.  Fig.  A 
herewith  shows  the  arrangement.  This  type  of  apparatus 
is  as  economical  as  could  be  desired,  and  deals  effectively 
with  the  problem  of  the  small  discrepancies  in  balance 
which  are  unavoidable  and  unimportant.  There  is  a 
brief  criticism  I  should  like  to  make  with  regard  to  the 
parallel  feeder  schemes.  The  author  has  stated  that 
the  faulty  feeder  usually  carries  the  heavier  current  ; 
as  a  matter  of  fact,  a  fault  near  the  remote  end  would 
cause  nearly  equal  fault  currents  in  all  the  parallel 
lines.  It  seems  to  me  that  this  drawback — that  pro- 
tection is  not  always  secured — is  rather  a  weak  point 
of  all  the  figures  deaUng  with  parallel  feeder  protection, 
except  Fig.  13.  Now  the  latter  employs  pilot  wires, 
and  is  the  only  really  complicated  scheme  in  the  paper. 
The  suggestion  I  should  hke  to  make  in  this  connection 
is,  instead  of  using  this  special  elaborate  method  for 
parallel  feeders,  that  the  scheme  shown  in  Fig.  35  be 
applied  to  each  of  these  three  feeders  and  also  to  the 
three  phases.     At  least  three  pilot  wires  are  required 
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for  the  former  system,  and  only  nine  for  the  latter. 
We  could  then  regard  Fig.  35  as  the  standard  for  all 
classes  of  feeders.  It  would  also  do  duty  in  the  case 
of  interconnectors,  as  it  is  a  symmetrical  system  and 
will  therefore  act  whether  the  current  is  flowing  in  one 
direction  or  the  other.  There  would  then  be  one  stan- 
dard system  for  all  forms  of  feeders,  interconnectors, 
parallel  feeders  and  parallel  interconnectors,  free  of 
complications  in  all  cases.  I  take  it  that  two  pilot 
wires  would  not  be  required  for  each  phase  of  Fig.  13  ; 
if  that  were  so  the  arguments  in  favour  of  Fig.  35  would 
be  stiU  stronger.  It  seems  to  me  that  the  relay  shown 
in  Fig.  24  has  solved  very  effectively  the  troublesome 
problem  of  producing  a  reverse-power  device-  which 
acts  when  the  voltage  has  disappeared.  It  can  quite 
easily  be  seen  that  when  the  potential  coil  is  discon- 
nected altogether  the  relay  will  act  quite  definitely, 
excited  by  the  auxiliary  coil  only. 

Mr.  C.  W.  Marshall  :  Regarding  the  leakage  devices 
which  the  author  has  described,  the  only  scheme  of 
any  value  at  all  seems  to  me  to  be  the  first  one,  but 
the  author  may  be  able  to  explain  the  advantages 
obtainable  from  some  of  the  more  complicated  arrange- 
ments. Regarding  parallel  feeders,  until  some  scheme 
is  evolved  whereby  the  space  occupied  by  two  separate 
switches  can  be  reduced  to  that  taken  by  a  split-con- 
ductor switch  I  fear  that  undertakings  with  restricted 
room  will  usually  use  the  split-conductor  system.  In 
comparing  the  balanced-voltage  and  circulating-current 
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systems,  the  author  tells  ns  that  the  latter  system  is 
superior  to  the  former  as  regards  sensitiveness.  This 
is  so  for  existing  commercial  designs,  but  if  a  more 
exhaustive  examuiation  of  the  problem  is  made  it  will 
show  that  there  is  no  fundamental  difference.  With 
capacity  compensation  it  is  quite  possible  to  get  Merz- 
Price  balanced-voltage  gear  with  as  good  characteristics 
as  circulating-current  gear  or  even  split-conductor  gear. 
This  involves  the  use  of  specially  sensitive  relays,  and 
the  author  is  probably  aware  of  the  fact  that  Jlessrs. 
Fawssett  and  Parry  have  such  relavs  in  commercial 
use.  The  author  appears  to  consider  it  easy  to  get  a 
definite  degree  of  unbalancing,  but  I  am  of  the  opinion 
that  it  is  quite  as  difficult  to  do  this  as  to  get  exact 
balance.  1  agree  with  Major  Edgcumbe  that  some  of 
the  terms  used  in  the  paper  which  are  possibly  meant 
to  simplify  matters,  have  not  had  that  effect.  The  terms 
"  reactive  relay,"  "  vector  unbalancing  " — which  Mr. 
Clothier  appears  to  be  quite  familiar  with — and  "  cur- 
rent spilling  "  all  seem  to  be  rather  objectionable.  I 
hope  that  the  author  will  be  able  to  let  us  have  the 
results  in  the  near  future  of  thorough  tests  on  his  appar- 
atus. I  think  there  is  a  possibility  of  a  development 
on  quite  a  different  line,  namely,  from  the  metallurgical 
standpoint.  Jensen  is  at  present  working  on  the  pro- 
perties of  iron,  and  he  has  reduced  the  iron  losses  to  a 
very  small  amount,  and  has  some  hopes  of  raising  the 
saturation  point  of  iron.  When  it  is  remembered  that 
the  problem  of  temperature  coefficient  was  solved  so 
successfully  by  the  metallurgist,  it  is  quite  possible  that 
the  iron  problem  may  also  be  solved. 

Mr.  A.  F.  W.  Richards  :  The  various  devices  de- 
scribed in  the  paper  pro\-ide  protection  of  electrical 
systems  from  shock  in  the  event  of  cables  breaking 
down,  but  none  of  these  devices  protect  the  feeders 
themselves.  It  appears  to  be  assumed  that  cables 
must  necessarily  break  down,  and  that  all  that  can  be 
done  is  to  protect  the  system  against  the  consequences 
of  such  breakdown.  On  page  542  certain  special  cables 
and  apparatus  for  use  therewith  are  described,  but  all 
the  apparatus  which  is  shown  has  the  same  effect.  A 
form  of  cable  especially  designed  by  Mr.  C.  J.  Beaver 
in  1912  and  described  in  his  paper  of  1914,*  detects  initial 
incipient  faults  and  thus  provides  protection  for  the 
feeders  themselves.  This  cable  has  been  adopted  by 
(among  others)  the  Admiralty  at  Portsmouth,  and  the 
Sheffield  Corporation,  and  I  believe  I  am  right  in  saying 
that  there  are  well  over  100  miles  of  this  type  of  cable 
in  actual  use.  A  copper  tape  is  wound  round  the 
insulated  cores  and  is  itself  insulated  from  the  lead 
sheathing  by  paper  dielectric,  having  about  the  thick- 
ness of  a  low-tension  cable.  Any  incipient  leakage 
from  the  core  is  detected  by  means  of  an  electrostatic 
voltmeter  placed  between  the  copper  tape  and  the  lead. 
Insulation  resistance  tests  are  taken  regularly  between 
the  copper  tape  and  the  lead,  and  these  detect  any 
damage  to  the  sheath  in  the  early  stages  before  they 
eventually  lead  to  the  breakdown  of  the  cable.  1  have 
actually  taken  a  test  on  a  cable  which  was  running  at 
6,000  volts  fully  loaded  and  located  the  incipient  fault 
whilst  the  cable  was  in  commission,  and  repaired  it  at 
the  week-end  when  it  could  be  conveniently  taken  out 
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of  circuit.  The  feeder  protection  device,  which  has  been 
adopted  on  a  system  in  South  Lancashire,  is  practically 
a  combination  of  core  balance  and  leakage  protection. 
In  the  event  of  a  cable  fault,  direct  current  is  super- 
imposed on  the  test  sheath  to  actuate  the  trip,  and  the 
relays  being  polarized  any  induced  alternatmg  voltages 
in  the  sheath,  which  of  course  are  unavoidable,  are 
therefore  negligible.  But  the  chief  feature  of  the  cable 
is  that  since  any  incipient  damage  is  anticipated,  an- 
actual  breakdown  of  the  cable  is  practically  unknown. 
It  seems  to  me  that  it  is  just  as  unpracticable  to  leave 
cables  without  periodical  inspection,  assume  that  they 
must  break  down  and  protect  only  against  shock  to 
the  system,  as  it  would  be  absolutely  to  neglect  the 
boilers  and  simply  protect  the  rest  of  the  power  house 
against  consequential  damage  when  one  of  the  boilers 
blew  up. 

The  President  (Mr.  R.  T.  Smith)  :  With  regard  to 
the  suggestion  that  the  British  Engineering  Standards 
Association  should  set  up  a  Committee  to  deal  with 
the  nomenclature  of  relays,  the  proper  procedure  is 
for  the  Institution  to  ask  the  Association  to  set  up 
such  a  Committee  with  the  object  of  preparing  a  Speci- 
fication or  Report,  and  if  Major  Edgcumbe,  or  Mr. 
Wedmore,  or  INIr.  Clothier,  or  all  three,  will  write  to  the 
Secretary  of  the  Institution  and  suggest  terms  of  refer- 
ence to  such  a  Committee,  the  Council  will,  1  am  sure, 
be  very  happy  to  forward  them  to  the  .Association  and 
ask  that  such  a  Committee  be  appointed. 

Mr.  E.  T.  Goslin  {communicated)  :  On  a  preliminary 
look  through  the  paper,  I  was  impressed  by  the  bewil- 
dering variety  of  apparatus  available  for  protecting 
power  systems.  The  author  has  done  his  best  in  the 
paper  to  conceal  the  fact  that  he  has  a  new  scheme 
of  protection,  but  the  claims  put  forward  that  the 
differing  characteristics  of  series  transformers,  and  the 
effect  of  capacity  currents  in  the  pilot  wires,  need  no 
longer  be  feared,  will,  if  proven,  be  welcomed  by  all 
engineers  concerned  in  the  operation  of  alternating- 
!  current  systems.  On  the  system  I  am  associated  with 
j  we  have  had  all  the  troubles  and  difficulties  that  the 
;  author  mentions.  I\Iany  "  faults  "  have  been  caused 
or  aggravated  by  the  false  operation  of  the  protective 
gear.  We,  and  no  doubt  many  others,  have  long 
recognized  the  limitations  of  existing  pilot-wire  systems 
of  protection.  Whether  our  troubles  are  caused  by 
capacity  currents  or  the  series-transformer  character- 
istics, is  a  matter  now  being  investigated.  Possibly 
both  contribute  their  share  to  the  unstable  features 
which  have  been  mentioned.  There  is  one  coirtributing 
cause,  however,  on  which  I  do  not  entertain  any  doubt, 
that  is,  in  regard  to  the  current  induced  in  the  pilot 
wires  when  these  wires  are  strung  on  the  same  poles 
as  the  main  transmission  lines.  Considerable  trouble 
has  been  experienced  on  the  gear  protecting  sections 
of  our  overhead  lines,  on  the  occurrence  of  abnormal 
current  flow  over  healthy  sections,  and  the  tendency 
has  been  upwards  in  the  matter  of  relay  settings. 
Regarding  the  induced  currents  appearing  in  the  pilot 
wires,  it  is  figured  that,  with  the  spacing  employed  on 
our  overhead  lines,  an  unsymmetrical  induced  voltage 
of  about  0'35  volt  per  mile  may  be  expected  at  full 
load.     With  some  of  the  equipment  this  will  give  suffi- 


I 


FOR   ALTERXATIXG-CURRENT   SYSTEMS:    DISCUSSION. 


551 


cient  current  to  operate  the  balanced-voltage  system 
with  short-circuit  current  which  is  well  within  the 
capacity  of  our  plant.  The  author  claims  for  the  system 
shown  in  Figs.  35  to  37  an  immunity  from  capacity- 
current  troubles  ;  if  this  is  the  case  an  extended  use 
of  pilot-wire  systems  on  long  feeders  is  assured.  I 
should  like  to  ask  the  author  how  his  suggested  methods 
will  withstand  the  induced  current  in  the  pilot  wire 
which  I  have  previoiislv  mentioned  ;  this  point  is  of 
considerable  interest.  On  page  541  he  refers  to  Fig.  36 
and  mentions  "  a  lever  bias  of  10  per  cent  "  and  "  a  true 
bias  of  5  per  cent."  This  point  is  not  clear  to  me. 
With  regard  to  generator  protection,  I  am  in  agreement 
with  the  author  on  the  nasty  results  that  happen  when 
the  circuits  are  not  exactly  balanced  if  the  circulating- 
current  system  is  employed.  If  biased  relaj^s  are  going 
to  overcome  our  troubles  in  this  direction,  it  certainly 
will  be  interesting  to  watch  the  development  of  appar- 
atus along  these  lines.  I  am  doubtful,  however,  whether 
fault  settings  as  low  as  that  shown  in  Fig.  21  are  de- 
sirable for  generator  protection.  1  should  like  to  know 
what  degree  of  bias  was  employed  to  obtain  the  curve. 
An  interesting  scheme  is  shown  in  Fig.  22,  which  ap- 
parently combines  the  functions  of  the  differential 
system  and  the  ordinary  reverse-power  relay.  Con- 
siderable controversy  has  raged  over  what  is  the  best 
protection  for  generating  plant.  Some  of  the  large 
manufacturing  firms  are  not  prepared  to  admit  that 
the  differential  system  meets  the  case.  Others  hold  by 
the  reverse  current  relav.  It  is  known  that  certain 
fault  conditions  are  best  dealt  with  by  the  reverse- 
current  relay,  and  others  b}'  the  differential  system.  It 
is  a  pity  that  so  little  information  can  be  obtained  as 
to  the  proportion  of  faults  most  easily  dealt  with  by 
each  class  of  protection.  The  arrangement  shown  in 
Fig.  22  appears  to  tackle  the  fault  either  one  way  or  the 
other.  If  it  fails  to  do  so  on  the  differential  side,  it 
deals  with  it  on  the  reverse-current  protection. 

Mr.  A.  E.  McColl  {in  reply,  communicated)  :  I 
agree  with  Dr.  Garrard  that  the  beam  balance  relay 
is  a  simple  piece  of  apparatus  easily  adjustable  and 
possessing  a  robustness  which  is  not  a  distinctive 
feature  of  many  of  the  relays  at  present  available. 
The  bias  may  be  easily  varied  by  simply  altering  the 
position  of  the  fulcrum,  and  this  applies  to  any  of 
the  arrangements  shown  in  the  paper  which  employ 
the  beam-t\'pe  relay.  The  dynamometer  relay,  as  Dr. 
Garrard  mentions,  may  also  be  made  a  robust  piece 
of  apparatus  partaking  more  of  the  characteristics  of 
a  small  motor  than  of  a  switchboard  instrument.  Some 
of  the  designs  with  which  I  have  experimented  gave  ' 
a  pull  of  8  oz.  with  normal  full-load  current  through 
the  current  coil.  This  type  of  relay  develops  a  tremen- 
dous torque  under  short-circuit  conditions,  and  care 
must  be  exercised  in  the  design  so  that  this  energy 
may  be  suitably  absorbed  without  wrecking  the  relay. 
This  can  be  most  readily  accompUshed  by  designing 
on  the  lines  Dr.  Garrard  has  indicated.  I  agree  that 
it  is  an  advantage  to  be  able  to  employ  transformers  ' 
of  normal  design  which  do  not  require  to  be  balanced 
back  to  back.  The  earthed  svstem  will  be  more  generally 
employed  in  the  future  and  the  great  majority  of  faults 
will    be   disconnected   in   the   initial    stage.     If   we    do 


not   earth   the   neutral   we   are   asking   for  trouble — in 
fact,  we  are  going  more  than  half  way  to  meet  it. 

Major  Edgcumbe  objects  to  the  terms  I  have  employed 
in  defining  relays.     I  have  used  the  term  "  differential 
protection  "    only   where   it   relates   to   the   input    and 
output  of  a  particular  circuit  and  in  this  sense  is  applic- 
able to  feeders  or   generating  and  transforming  plant. 
The   term    "  discriminating   protection  "    refers   to   the- 
protection   of   parallel   feeders   and   is   the   designation 
usually     apphed.     Major     Edcumbe     is      disappointed 
that    I    have    put    forward    no    new    scheme    for    the 
protection   of   parallel   feeders   without   pilot   wires.     I 
have  not  shown   graphically  any  such  scheme,   but   I 
would  refer  Major  Edgcumbe  to  page  532  of  the  paper 
in  which  I  say    that  "  if  certain  conditions  are  fuUilled 
the    balanced    discriminating   relay   shown   in    Fig.    13 
may    be    employed    to    protect    both    ends    of   parallel 
feeders  without  the  necessity  of  pilot  wires."     Regard^ 
ing  Fig.    14,  this  refers  to  two  separate  cables  which 
are    connected    as    a    spht-conductor    cable,    and    very 
naturally  the  relay  will  disconnect  both  cables  as  they 
are  operating  as  one  unit  and  would  have  one  switch 
controlling  the  pair  at  either  end.     Surely  Major  Edg- 
cumbe has  not  grasped  the  real  meaning  of  the  paper, 
of  which  the  whole  tenor  has  been  to  emphasize  the 
fact  that  by  emplojnng  bias  the  need  for  accurate  bal- 
ancing is  done  away  with.     Regarding  Fig.  5  to  whieh 
exception  is  taken,  the  bias  of  3  per  cent,  which  requires 
that  the  ohmic  ratio  of  the  shunting  resistance  be  1,67th 
of  the  resistance  of  the  rela}'  elements,  is  merely  a  ratio 
and  does  not  require  to  be  accurate.     The  ratio  may 
be  either  more  or  less  than  this,  the  bias  being  merely 
a  httle  greater  or  smaller  according  to  the  ratio  and  the 
relay  operates  similarly  in  either  case.     With  reference 
to  the  question  of  surges  cutting  out  the  biased  relays 
on  parallel  feeders,   none  of  the  arrangements  in  the 
paper  should  be  so  affected,  as  in  the  case  of  dynamometer 
relays  both  elements  will  be  affected  and  the  relative 
polarity  of  the  relays  will  not  be  altered.     I   do  not 
see  that  a  surge  should  have  any  effect  on  the  arrange- 
ment shown  in  Fig.  6,  provided  a  balance  is  maintained 
on    the   parallel    feeders.     One   element   of   each    relay 
normally  carries  no  current  and  the  direction  of  current 
flow  should  make  no  difference  to  the  stabihty  of  the 
relays.     Major    Edgcumbe     admits    the     difficulty     of 
•btaining    balance    between    two    good    transformers. 
Obviously,  the  next  step,  if  conditions  will  permit  of 
it,  is  to  install  transformers  which  will  give  different 
characteristics  to  obtain  the  results  at  which   I   have 
aimed.     The     arguments     against     the     reverse-power 
relay  have  been  borne  out  by  experience  and,  although 
I  admit  there  is  a  field  for  this  relay  tj-pe  on  many 
systems,  the  arguments  hold  stiff  more  forcibly  on  the 
largest    systems.     One    objection    which    I    failed    to 
mention  in  the  paper  is  the  large  shift  in  phase  between 
current  and  potential  which  would  be  obtained  by  the 
transformers  becoming  saturated  on  the  flow  of  abnormal 
current.     This    shift    is    additional    to    that    obtained 
by  distortion  of  the  voltage  triangle  on  the  occurrence 
of     single-phase     short-circuits     and     comphcates     the 
action  of  the  relay  under  severe  conditions. 

In    answer   to   Mr.    Cowie   I    should   state   that   the 
arrangements  shown  in   Figs.  6  to  12  relate  to  the  pro- 
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tection  of  parallel  feeders  at  the  source  end.  The  pro- 
lection  at  the  remote  end  may  consist  of  any  of  the 
usual  arrangements  of  reverse-power  relay  and  of 
which  alternative  arrangements  have  been  described 
in  recent  papers  on  the  subject.  Alternatively,  the 
reverse-current  relay  shown  in  Fig.  13  in  conjunction 
with  the  pilot  w-ires  may  be  employed  to  protect  the 
remote  end.  Regarding  the  voltage  on  the  pilot  wires, 
this  depends  on  the  length  of  the  feeder  to  be  protected. 
As  an  example,  if  ordinary  designs  of  current  trans- 
formers are  employed  with,  say,  loo-ohm  pilot  wires, 
the  runaway  voltage  between  pilot  wires  with  star- 
connected  current  transformers  and  with  maximum 
current  flow  would  be  from  1,500  to  2,500  volts.  How- 
ever, by  suitably  modifying  the  design  of  the  trans- 
formers this  voltage  may  be  kept  down  to  200  to  250 
volts  per  transformer  as  a  maximum  without  intro- 
ducing other  undesirable  features.  Mr.  Cowie  does 
not  agree  regarding  difhculties  arising  when  running 
two  separate  cables  as  a  split-conductor  unit.  Although 
the  unbalance  may  be  a  very  small  percentage  at 
normal  loads,  there  is  a  considerable  possibiUty  of 
something  radically  different  obtaining  at,  say,  50  times 
full  load.  Regarding  the  effect  of  circulating  current 
on  the  telephone  cores  incorporated  in  the  same  cable 
as  the  pilot  wires,  I  should  not  apprehend  an\-  difficulty, 
provided  the  telephone  cores  are  properly  paired  through- 
out their  entire  length.  At  normal  frequencies  of  25 
and  50  there  should  be  very  little  trouble,  if  the  trans- 
formers are  worked  at  reasonably  low  flux  densities 
so  that  the  third  harmonic  may  not  be  brought  into 
prominence.  Mr.  Cowie  doubts  the  value  of  the  protec- 
tion given  by  the  arrangement  shown  in  Fig.  11  if  the 
fault  develops  in  the  trifurcating  box  at  the  substation. 
This  is  the  most  severe  condition  for  parallel  feeders 
protected  by  discriminating  relays  and  likewise  applies 
to  the  split-conductor  system.  In  this  case,  of  course, 
the  faulty  feeders  at  the  substation  end  will  either 
earn,'  a  reverse  current  or  there  will  be  a  large  difference 
current  between  the  sound  and  faulty  feeders,  which 
will  require  the  instant  operation  of  the  relay.  Im- 
mediately the  feeders  are  separated  at  the  remote  end 
the  interlocked  relays  at  the  source  end  will  dis- 
criminate and  disconnect  the  faulty  feeder. 

I  quite  agree  with  Mr.  Wedmore  that  the  Merz- 
Price  system  has  been  somewhat  side-tracked  by  the 
spht-conductor  system.  I  do  not,  however,  quite 
follow  the  argument  that  improvements  on  Merz- 
Price  gear  are  to  be  looked  for  along  the  lines  of  dis- 
tinguishing between  faults  to  earth  and  short-circuits 
between  phases.  I  fail  to  see  why  the  settings  for 
faults  between  phases  should  be  increased  to  enable 
the  gear  to  stand  up  to  heavy  straight -through  currents 
when  the  necessary  stabiUtj'  can  be  obtained  for  the 
same  condition  with  small  fault  settings.  It  is  quite 
possible  that  if  we  ring  the  changes  on  all  the  known 
relay  types,  protective  principles,  and  conditions  of 
service,  we  can  construct,  not  a  thousand  but  ten 
thousand  diagrams.  Mr.  Wedmore,  however,  should 
bear  in  mind  that  generally  less  than  i  per  cent  is  avail- 
able as  commercial  apparatus,  and  I  have  included  in 
the  paper  a  portion  of  the  practicable  devices.  I  do 
not   claim    that   everything   shown   in    the   paper   will 


appear  as  commercial  apparatus,  but  it  has  been 
included  nevertheless  to  illustrate  some  interesting 
features. 

Mr.  Clothier  is  quite  correct  in  regard  to  a  magnetic 
balance  relay,  wound  according  to  the  arrangement 
shown  in  Fig.  i,  developing  a  large  leakage  flux  which 
would  operate  the  relay.  In  my  early  experiments 
this  made  itself  evident,  but  by  running  on  the  two  coils 
as  a  double  winding  exact  balance  is  obtained.  The 
diagram  is  merely  representative  of  the  principle  on 
which  the  relay  operates.  Regarding  the  question  of 
the  necessity  of  protecting  against  unsymmetrical 
loading,  a  number  of  patents  have  been  taken  out  by 
different  people  to  deal  with  this  condition.  Presum- 
ably when  one  sits  down  to  invent  a  new  gear  to  take 
care  of  certain  conditions  the  argument  is  that  in  all 
probability  the  experience  has  been  such  as  to  justifv 
the  new  development.  It  seems  to  me  that  there  are 
many  cases  of  apparatus  which  have  svmmetrically 
loaded  phases  while  everj'thing  is  normal,  but  that  the 
symmetrical  loading  is  disturbed  if  the  apparatus 
becomes  faulty.  Protective  gear  has  been  developed 
on  these  lines  in  America  to  take  care  of  long-distance 
transmission.  To  what  extent  it  has  been  used  in 
practice  I  cannot  say.  Regarding  the  shunted  relay 
shown  in  Fig.  5  and  in  several  other  arrangements,  the 
current  which  flows  through  the  shunting  resistance 
is  the  load  component  ;  the  component  due  to  the 
fault  must  flow  through  the  relay,  and  consequently 
this  energy  is  available  for  operating  the  device. 
The  volt-ampere  output  of  each  transformer  in  the 
arrangement  shown  in  Figs.  35  and  37  is  46.  A  10 
per  cent  mechanical  bias  was  employed,  which,  owing 
to  the  pull  on  the  plungers  of  the  relay  increasing  as 
a  square  law,  resolves  itself  into  a  true  bias  of  5  per 
cent.  The  curve  shown  in  Fig.  36  illustrates  the  char- 
acteristics of  the  relay.  At  full  load  on  the  feeder  the 
relay  operates  with  6  per  cent  fault  current  or  i 
per  cent  beyond  the  bias.  The  same  relay  tested  with 
a  20  per  cent  lever  bias  or  a  10  per  cent  true  bias 
operates  with  11  per  cent  fault  current  or  i  per 
cent  above  the  bias.  The  curve  refers  to  a  pilot  cable 
having  a  resistance  per  leg  of  100  ohms.  Feeder  relays 
with  5  per  cent  bias  have  been  tested  up  to  30 
times  full-load  current  on  the  primary  side  of  the 
transformers  without  showing  any  tendency  to  operate. 
Generator   protective   gear   according   to   Fig.   20   with 

'  bias  of  I  per  cent  and  fault  setting  of  less  than  2  per 
cent  at  full  load  has  been  tested  up  to  30  times  full- 
load  current  with  perfect  stabiUty.  Fig.  26  is  merely 
illustrative  of  principles,  and  the  earth  shown  at  each 
end  of  the  pilot-wire  system  would  not  be  adhered  to 
in  practice.  I  have  no  doubt  that  Mr.  Clothier  can 
point  to  instances  in  which  generating  plant  has  been 
protected  for  a  considerable  number  of  years,  and  I 
presume  he  refers  to  cases  in  this  country  where  devel- 
opments in  the  protective  gear  art  are  further  advanced. 

I  My  expression  of  opinion,  however,  has  been  in  the 
broader  sense,  and  reference  to  papers  abroad  will 
show  that  general  recognition  of  the  necessity  for 
protecting  generating  plant  does  not  date  much  further 
back  than  six  years  ago.  Conversation  with  certain 
large   Continental   manufacturing   concerns   shows   that 


FOR   ALTERNATING-CURRENT  SYSTEMS:    DISCUSSION. 


553 


they  are  not  prepared  to  consider  any  further  advance 
on  overload  relays  for  the  protection  of  large  transform- 
ing units.  I  agree  with  Mr.  Clothier  that  it  should  be 
possible  to  get  low  fault  settings  and  complete  stability 
on  maximum  straight-through  currents  with  the  self- 
balance  system  (Fig.  15).  I  should,  however,  have 
placed  the  possible  fault  settings  at  about  half  the  figure 
he  mentions.  \Vhether  Fig.  15  or  Fig.  16  should  be 
applied  to  a  particular  case  will  resolve  itself  into  a 
financial  proposition,  as  certain  expenditure  is  entailed 
in  connection  with  Fig.  15  apart  from  the  protective 
gear,  which  is  not  necessary  wth  Fig.  16.  I  certainly 
should  prefer  Fig.  16  for  protecting  transformer  banks 
as  it  protects  against  breakdown  between  turns  of  the 
same  phase,  which  is  a  common  occurrence  on  the  high- 
pressure  side.  With  this  condition,  of  course.  Fig.  15 
is  unable  to  deal.  I  should  apprehend  difficulties  in 
applying  Fig.  15  to  a  100,000-volt  high-tension  delta- 
connected  transformer  bank,  and  I  should  like  to  know 
if  Mr.  Clothier  is  prepared  to  bring  two  cables  with 
loo,ooo-volt  pressure  difference  through  one  transformer 
ring.  Regarding  the  addition  of  time-delaying  devices 
to  generator  reverse  relay's,  this  was  a  necessity  in  the 
days  of  reciprocating  engines  with  drop  valve  gear  when 
violent  hunting  was  caused  by  any  slight  irregularity 
in  the  operation  of  the  valves.  Since  the  advent  of 
the  steam  turbine,  however,  hunting  troubles  which 
cause  a  reversal  of  power  have  practically  disappeared 
and  I  very  much  question  if  it  is  now  desirable  to  fit 
delaving   devices  to   this  relay   tj'pe. 

Inverse  time-delaying  devices,  however,  could  be 
fitted  to  the  arrangements  shown  in  Figs.  22  and  24, 
and  while  these  would  have  delaj-ed  action  for  simple 
reverse  current  the  operation  would  be  practically 
instantaneous  for  differential  currents,  and  this  would 
meet  Mr.  Clothier's  objection  to  the  device.  As  an 
example,  taking  the  proportions  given  for  the  scheme 
shown  in  Fig.  22,  a  20  per  cent  reverse  current  such  as 
would  be  obtained  by  a  breakdown  between  turns  of 
the  same  phase  would  represent  a  current  of  o- 1  ampere 
through  the  current  coil  of  the  relay.  A  20  per  cent 
leakage  current  on  the  generator  windings  would  give  at 
full  load  a  differential  current  between  the  transformers 
of  (7Xi20°.o) — 7-5=o-9  ampere.  We  see,  therefore, 
that  a  20  per  cent  leak  will  cause  the  relay  to  develop 
nine  times  the  torque  that  a  20  per  cent  reverse  current 
would  do. 

In  answer  to  Mr.  Brazil  I  should  say  that  I  have  always 
understood  and  used  the  term  "  leakage  current  "  to 
denote  current  which  flows  in  one  phase  and  does  not 
return  by  the  other  phases,  and  this  independently  of 
the  actual  current  which  flows.  The  carbon-powder 
resistance  might  prove  helpful  in  those  cases  where 
breakdown  occurs  close  down  to  the  star-point  end  of 
the  generator  winding. 

In  answer  to  Mr.  Taylor  I  should  say  that  for  the 
protection  of  an  existing  open-ended  feeder  I  should 
prefer  any  of  the  pilot-wire  systems.  FaiUng  the 
piovision  of  pilot  wires  there  is  nothing  better  than  core- 
balance  protection  with  overload  relays  to  deal  with 
short-circuits  between  phases.  For  existing  parallel 
trunk  feeders  to  the  number  of  two  I  should  recommend 
interlocked  discriminating  relays  at  the  source  end  and 


reverse  relays  at  the  remote  end.  If  the  number  of 
trunk  feeders  in  parallel  is  four  or  upwards  I  would 
suggest  that  interlocked  discriminating  relays  be  placed 
at  each  end  of  the  feeders  and  correct  discrimination 
would  be  obtained  at  the  substation  end  for  any  two- 
out  of  the  four  feeders.  At  the  source  end  correct 
discrimination  would  be  obtained  for  all  the  feeders 
in  the  event  of  a  fault.  A  similar  arrangement  could 
be  apphed  to  a  number  of  parallel  interconnectors. 
Alternatively,  ordinary  overload  relays  connected 
differentially  could  be  employed  and  very  satisfactory 
protection  given  for  a  group  of,  say,  four  parallel 
feeders  or  interconnectors.  Two  parallel  feeders  can 
be  connected  and  run  as  a  spht-conductor  unit,  and  this 
has  been  done  to  a  considerable  extent  on  certain  of 
the  larger  power  systems.  So  far  as  I  am  aware,  most 
protective  systems  do  not  depend  for  their  operation 
on  faults  between  phases  on  the  supposition  that  the 
fault  will  partially  involve  a  connection  to  earth. 
Either  the  spht-conductor  or  pilot-wire  arrangement 
wiU  operate  correctly  even  should  the  fault  between 
phases  involve  no  leakage  current  to  earth.  Core- 
balance  gear  may  operate  with  faults  between  phases, 
but  it  is  not  always  safe  to  assume  that  the  earth  current 
wiU  also  be  involved.  I  agree  wth  :\Ir.  Taj-lor  that 
overload  relays  on  either  Merz-Price  or  split-conductor 
gear  should  have  settings  which  would  make  them  last- 
resort  emergency  devices. 

Mr.  Wilson  raises  the  same  point  as  Mr.  Cowie  regard- 
ing the  non-operation  of  the  discriminating  relays 
protecting  parallel  feeders  on  the  occurrence  of  a  fault 
close  to  the  remote  end.  The  spht  conductor  is  called 
upon  to  operate  under  the  same  conditions  and  it  is 
not  suggested  that  it  is  incapable  of  deahng  with  this 
fault.  I  have  dealt  with  this  point  in  my  reply  to  Mr. 
Cowie.  My  reason  for  showing  Fig.  13  is  that  it  secures 
the  protection  with  a  minimum  of  pilot  wires.  I  do 
not  suggest  that  Fig.  13  is  as  satisfactory  as  Fig.  35, 
but  it  provides  definite  protection  at  less  cost.  If 
there  are  several  feeders  in  parallel  we  can  install  the 
same  type  of  relay  at  each  end  of  the  feeders,  and  ade- 
quate protection  is  secured  without  pilot  wires  and 
without  requiring  the  potential  of  the  system.  Fig.  13 
requires  only  three  pilot  wires  in  the  case  of  a  three- 
phase  application. 

In  reply  to  Mr.  Marshall,  where  two  single  parallel 
cables  are  in  service  I  should  prefer  to  protect  them 
with  interlocked  discriminating  relays  rather  than  to 
couple  them  together  as  one  unit  and  protect  them  on 
the  spht-conductor  principle.  Each  cable  has  its 
switch  and  no  change  is  necessary'  other  than  the  addi- 
tion of  the  protective  gear.  In  the  case  of  a  fault  ort 
one  cable  uninterrupted  supply  can  be  given,  which  is 
not  the  case  when  the  cables  are  coupled  together  as 
one  unit.  Mr.  Marshall  has  e\-idently  misunderstood 
me  regarding  the  question  of  producing  definite  unbal- 
ance in  the  protective  gear  circuits.  If  a  balance  is 
required  definite  points  have  to  be  exactly  maintained 
through  a  wide  range  of  conditions.  If  unbalance  is 
required  as  an  essential  feature  of  the  protective  scheme 
it  is  immaterial  whether  this  is  5  per  cent  under  one 
condition  or  7  per  cent  under  another.  While  this 
unbalance  holds  in  one  direction  it  stands  for  stabiHty, 
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and  this  approximate  condition  of  unbalance  is,  I 
maintain,  not  difficult  to  obtain. 

Regarding  the  combined  cable  protective  and  detective 
system  which  is  associated  with  Mr.  Richards'  name, 
I  think  it  is  a  pity  to  go  to  the  expense  of  incorporating 
an  auxihar\-  conductor  in  the  cable  to  protect  only 
against  faults  to  earth. 

The  point  which  Mr.  Goslin  raises  regarding  the  effect 
of  induced  current  in  the  pilot  wire  on  overhead  S5'Stems 
has  long  been  a  source  of  trouble  on  long  transmission 
lines.  These  troubles  were  early  manifest  on  adjacent 
telephone  Unes,  and  it  is  only  to  be  expected  that  they 
will  influence  the  protective  gear  equipment  when  the 
pilot  wires  for  the  latter  are  strung  with  a  fair  separation 
on  the  same  poles.  Transposition  at  regular  intervals 
should  reduce  the  effect  of  induced  currents,  although 
it  may  not  entirely  eliminate  it.     Induced  current  in 


the  pilot  wires  should  have  no  effect  on  the  arrangement 
shown  in  Figs.  35  and  37.  This  current  will  flow 
entirely  through  the  restraining  coil  and  divide  itself 
between  the  dummy  circuits  and  the  transformers.  As 
the  current  flowing  through  the  operating  coil  will 
represent  only  the  portion  which  flows  to  the  dummy 
circuit  the  pull  of  the  restraining  coil  will  be  the  greater 
and  the  stabiUty  should  actually  be  increased.  Regard- 
ing the  10  per  cent  lever  bias  representing  a  true  bias 
of  5  per  cent,  this  arises  through  the  pull  of  the  plungers 
increasing  as  a  square  law,  consequently,  if  there  is  a 
slight  current  difference  between  the  coils  a  large  differ- 
ential pull  is  exerted  by  the  plungers.  The  fault  settings 
shown  in  Fig.  21  represent  what  it  is  possible  to  obtain 
with  robust  relays  of  the  dynamometer  type.  The 
actual  bias  emploj-ed  for  this  curve  was  i  per  cent 
at  full  load. 
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DUPLEX    WIRELESS    TELEPHONY  :      SOME   EXPERIMENTS   ON    ITS 

APPLICATION    TO    AIRCRAFT. 

By  Captain  P.   P.   Eckersley. 

(Paper  first  received   17  January,  and  in  final  form  29  June,  and  read  at  a  Wireless  Sectional  Meeting  of 

The  Institution,   17  March,   1920.) 


I.   Inxroductiox. 

[a)  Origin  of  experiments.— This  paper  deals  with 
experiments  on  duplex  wireless  telephony  for  aircraft 
carried  out  at  the  ^Vireless  Experimental  Establishment 
of  the  Royal  Air  Force. 

It  was  suggested  by  the  R.-^.F.  in  the  field  that 
■duplex  wireless  telephony  sets  might  be  fitted  to  kite 
balloons  so  that  observers  could  keep  in  constant  touch 
with  a  central  exchange  even  though  the  balloon  was 
being  towed  to  and  fro  to  avoid  hostile  shell  fire.  Ex- 
periments were  therefore  started  in  1917,  by  Major 
Whiddington,  R.A.F.,  and  were  handed  over  to  the 
author  in  the  early  summer  of  1918.  Although  one 
officer  was  primarih'  responsible  for  the  progress  of  the 
experiments  many  of  the  solutions  of  the  problems 
-were  founded  on  the  s\iggestions  of  other  workers  at 
Biggin  Hill. 

Much  work  has  been  done  on  duplex  wireless  tele- 
phony, throughout  the  world,  but  the  author  is  not 
aware  of  any  system  other  than  those  outlined  herein 
■directly  applicable  to  aeroplanes  or  airships. 

(b)  Distinction  between  duplex  wireless  telephony  and 
switched  wireless  telephony. — With  true  duplex  telephony 
sets  the  operator  should  be  able  to  send  and  receive 
simultaneously  using  the  wireless  telephone  e.xactly  as 
he  uses  the  ordinary  wired  telephone. 

All  wireless  telephony  transmission  depends  for  its 
action  upon  the  possibility  of  modulating  the  intensity 
or  frequency  of  continuous  waves  sympathetically 
-with  the  voice.  In  order  that  such  waves  shall  carry 
over  long  distances,  the  amplitude  of  the  aerial  currents 
-producing  them  must  be  very  large  compared  with  the 
■currents  which  can  be  detected  by  the  receivers.  The 
relatively  powerful  oscillations  therefore  interfere  dis- 
astrously with  any  receiver  coupled  to  the  radiating 
■system,  and  the  problem  of  simultaneous  reception 
and  transmission  is  to  protect  the  receiver,  without 
detriment  to  its  sensitivity,  from  these  oscillations.  To 
indicate  the  magnitude  of  the  problem  it  is  necessary 
to  realize  that  the  standard  aircraft  transmitter  deals 
•with  energies  some  10'  times  greater  than  those  dealt 
-with  by  the  receiver. 

Jn  most  commercial  wireless  telephony  sets  of  to-day 
a  hand-operated  switch  completely  dissociates  the 
receiver  from  the  aerial  system  when  transmitting 
and  switches  off  the  transmitter  when  receiving.  This 
may  be  referred  to  as  switched  wireless  telephony  in 
contra-distinction   to  duplex  wireless  telephony. 

Conversations  with  switched  wireless  telephony  sets 
suffer  from  the  same  disadvantage  as  conversations 
with  speaking  tubes  where  simultaneous  transmission 
ajid  reception  is  impossible. 


(c)  The  practical  value  of  duplex  wireless  telephony. — 
It  is  an  undoubted  fact  that  an  interchange  of  thought 
between  two  participants  in  a  telephone  conversation 
is  far  more  rapid  if  one  conversant  can  at  any  moment 
interrupt  the  other.  This  so-called  '  chipping-in," 
which  is  only  possible  in  a  system  with  devices  for 
simultaneous  sending  and  receiving,  acts  as  an  encour- 
agement to  the  speaker,  making  him  confident  that  the 
trend  of  his  thoughts  is  being  followed.  While  using  a 
switching  system  the  sensation  of  speaking  into  the 
microphone  corresponds  rather  to  that  of  a  conversa- 
tion in  an  unmastered  language  ;  one  usually  misses 
the  answers  and  one  is  never  certain  that  one  has  been 
understood.  Without  the  possibility  of  interruption 
a  conversation  loses  coherence  and  the  transmission 
of  long  messages  may  often  entail  long  and  irksome 
repeats.  Thus  time  is  lost,  and  considerable  difficulties 
sometimes  arise  because  both  stations  are  on  '  send  " 
or  "  receive  "  simultaneouslv 

Duplex  wireless  telephony  has  great  practical  value 
inasmuch  as  it  obviates  the  necessity  of  using  switches 
and,  furthermore,  opens  up  the  possibility  of  unskilled 
communicants  being  as  readily  put  into  touch  with  one 
another  as  they  are  with  wire  telephony.  A  sub- 
scriber to  any  ordinary  telephone  line  would,  by  the  aid 
of  duplex  wireless  telephony,  be  able  to  call  up  an 
aeroplane  in  flight  or  a  ship  at  sea. 

(d)  The  electrical  problems  in  duplex  ivireless  telephony  : 
General  methods  of  solution. — The  solution  of  the  prob- 
lems of  arranging  a  circuit  for  true  duplex  telephony 
lies  in  devising  some  form  of  circuit  which  will  protect 
the  receiver,  without  detriment  to  its  efficiency,  from  the 
effects  of  the  relatively  powerful  high-frequency  alter- 
nating currents  generated  by  the  transmitter. 

A  number  of  solutions  have  been  suggested.  For  use  on 
the  ground  two  aerials,  one  for  transmission  and  one 
for  reception,  may  be  employed  placed  at  right  angles 
and  spaced  more  than  one-quarter  wave-length  apart. 
Two  different  wave-lengths  are  then  used.  This  is 
obviously  not  applicable  to  aircraft. 

Frames  at  right  angles  have  been  suggested,  but  it 
is  questionable  whether  this  would  be  very  practicable 
on  aircraft. 

Balancing  systems  with  two  aerials,  one  receiving 
and  the  other  transmitting,  in  which  the  effect  of  the 
transmitting  aerial  on  the  other  is  balanced  against  some 
equal  and  opposite  effect  purposely  communicated 
through  circuits  under  the  operator's  control,  have 
given  considerable  success  for  ground  work.*  For 
aeroplanes  such  arrangements  might  not  be  successful, 
owing  to  the  difficulty  of  carrying  two  aerials  so  rigid 

•  Alexanderson:  Proaedings  of  the  Instituti  of  Radio  Engineers , vol.  7,p  363 


556 


ECKERSLEY  :    DUPLEX   WIRELESS  TELEPHONY 


as  to  enable  the  necessary  state  of  balance  to  be  main- 
tained. 

There  is  another  general  method  of  protecting  the 
receiver  in  which  the  earth  path  is  split,  and  it  is  arranged 
for  all  the  transmitter  currents  to  pass  to  earth  through 
one  path  and  all  the  received  currents  through  the  other. 
The  receiver  can  then  be  coupled  to  the  path  which  is 
free  from  the  transmitter  oscillations,  where  it  will  be 
only  influenced  by  the  received  energy.  This  system 
practically  presupposes  two  wave-lengths,  the  action 
depending  upon  the  proper  choice  of  the  impedances 
of  the  two  paths.  One  or  two  aerials  may  be  used. 
If  perfect  protection  is  afforded  the  receiver,  "  chip- 
ping-in,"  i.e.  simultaneous  reception  and  transmission,  is 
possible  and  such  an  arrangement  constitutes  a  true 
duplex  wireless  telephony  S)'stem — using  standard 
transmitters   and    protected    receiving   circuits. 

In  order  to  ov-ercome  the  criticality  of  the  balancing 
system,  a  compromise  is  possible  wherein  the  trans- 
mitter only  oscillates  when  the  operator  is  actually 
speaking,  the  receiver  being  meanwhile  paralysed. 
One  aerial  and  one  wave-length  is  then  theoretically 
possible.  This  constitutes  no  more  than  an  automatic 
switching  system,  no  "  chipping-in  "  being  possible. 
The  name  "  quiescent  aerial  "  has  been  given  to  this 
type  of  transmitter,  and  the  whole  system  may  be 
described  as  "  automatic  duplex  wireless  telephony." 
No  "  chipping-in  "  will  be  possible,  but  the  switch 
is  dispensed  with. 

Quiescent  aerial  transmitters  however  have  to  be 
rather  complicated  in  order  that  they  may  transmit 
good  speech. 

If,  however,  transmitters  are  arranged  with  a  small 
permanent  oscillation  flowing  which  is  increased  sym- 
pathetica'ly  with  the  voice,  they  give,  with  very  simple 
circuits,  good  speech.  Thus  such  transmitters  can  be 
arranged  with  a  receiver  which  is  protected  only  from 
the  small  permanent  oscillations  necessary  for  good 
speech.  "  Chipping-in  "  will  again  be  impossible  except 
over  short  ranges,  but  the  arrangement  has  the  advan- 
tage of  simplicity  in  the  transmitter  circuits,  and,  as  the 
receiver  is  given  more  and  more  protection,  it  becomes 
more  and  more  a  true  duplex  circuit. 

This  type  of  transmitter  has  been  given  the  name 
'  augmented  oscillation  transmitter,"  and,  when  used 
with  a  partially  protected  receiver  system,  constitutes 
a  "  partial  duplex  system." 

The  augmented  oscillation  transmitters  used  with 
their  appropriate  receiver  circuits  are  obviously  applic- 
able to  aircraft,  while  the  quiescent  aerial  system  is 
applicable  to  kite  balloons  and  airships  but  possibly  not 
aeroplanes  because  the  external  noise  picked  up  by  the 
microphone  might  be  enough  to  induce  a  permanent 
oscillation  in  the  aerial. 

A  description  is  given  below  in  some  detail  of  the 
methods  by  which  the  above  general  conditions  have 
been  fulfilled,  and  the  practical  and  theoretical  advan- 
tages  of  each  arrangement 

2.  Automatic   Duplex   Wireless   Telephony 
Systems. 
{a)  Quiescent  aerial  transmitters. — The  first  suggested 
method  embodied  a  compromise  in  which  the  receiver 


was  not  specially  protected  but  the  powerful  oscillations 
necessary  for  transmis.sion  were  only  created  when 
actually  speaking,  the  receiver  being  simultaneously 
paralysed  but  returning  automatically  to  its  normal 
sensitivity  directly  transmission  ceased.  The  name 
"  quiescent  aerial  "  has  been  given  to  this  type  of  trans- 
mitter. This  automatic  duplex  system  has  little 
superiority,  as  regards  the  user's  point  of  view,  over 
switching  systems.  The  interest  in  this  type  of  trans- 
mitter lies  not  so  much  in  its  practical  possibilities  as 
in  the  insight  its  behaviour  gives  into  methods  of 
telephony   control   generally. 

{b)  Voice  controlled  high-tension  transmitter. — This 
type  of  quiescent  aerial  transmitter  was  first  proposed 
by  the  General  Electric  Company  of  America  and  later 
independently  by  Major  Whiddington,  R.A.F.  It  is  a 
direct  outcome  of  the  choke  control  system   described 


by  Major  Prince.*  Instead  of  modulating,  by  the  voice, 
the  intensity  of  a  continuous  source  of  power  supplied 
to  the  oscillator,  as  with  choke  control,  power  is  only 
supplied  to  the  oscillator  when  speaking  and  is  governed 
in  intensity  by  the  microphone.  Thus,  only  when  speak- 
ing are  oscillations  generated. 

Fig.  I  shows  the  connections  for  producing  oscillations 
in  the  aerial  circuit  A  L  C  E  by  the  valve  V^.  Only 
when  a  difference  of  potential  is  applied  between  the 
points  X  and  Y  (X  having  the  greater  positive  value) 
will  the  system  generate  oscillations.  Furthermore, 
the  amplitude  of  these  oscillations  is  directly  propor- 
tional to  the  voltage  between  X  and  Y. 

If  transformer  T  is  therefore  connected  as  in  Fig. 
I,  then,  when  the  current  in  its  primary  is  varied  by 
the  microphone  M,  the  resulting  secondary  voltages 
across  X  and  Y  will  set  the  high-frequency  circuits 
into  oscillation  ;  these  oscillations  occurring  only  during 
speech  intervals  and  being  governed  sympathetically 
by  the  voice 

The  potentials  across  X  and  Y,  using  only  an  ordinary 

•  Journal  J.E.E.   1920,  vol.  5S,p.  377. 
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microphone  transformer,  will,  however,  be  too  small 
for  anv  but  ver\-  low-powered  sets,  and  it  is  therefore 
essential  to  amplify  these  voltage  variations  by  means 
of  a  control  valve  V^  and  transformer  T  (Fig.  2). 

Thus  in  Fig.  ?.,  when  the  microphone  M  is  spoken 
into,  the  grid  of  the  valve  V^  varies  in  potential  owing  to 
the  action  of  the  transformer  T„,  causing  larger  energy 
changes  in  the  anode  circuit,  which  results  in  amplified 
voltage  variations  across  the  secondary  of  T,  and  hence 
the  appearance  of  proportional  oscillations  in  the  high- 
frequency   circuits   A  L  C  E. 

The  potential  variations  across  T  constitute  the  sole 
source  of  voltage  supply  to  the  oscillator,  and  high- 
frequency  currents  therefore  will  only  be  created  when 
fpeaking. 

{<;)  Theories  to  explain  poor  speech-quality  in  the  quies- 
cent aerial  transmitter. — The  chief  trouble  experienced 
was  that  the  quality  of  the  radiated  speech  was  much 


Fig.  2. 

worse  on  the  whole  than  that  given  by  transmitters 
using  standard  methods  of  control,  e.g.  the  choke  control 
proper.  It  lacked  a  certain  mellow  roundness,  was  some- 
times broken  and  peaky,  and  n  as  above  all  very  variable  ; 
sometimes  almost  good,  at  others  verj'  bad,  depending 
upon  critical  adjustments  of  the  circuits.  Even  at 
its  best  it  was  never  good  enough  for  practical  needs. 

Sensitive  microphones  improved  the  speech  quality, 
good  voltage  amplifications  of  the  microphonic  varia- 
tions were  essential,  and  paralleling  the  valves  dealing 
with  the  high-frequency  currents  improved  matters, 
but  none  of  these  precautions  made  the  system  prac- 
ticable. 

One  prominent  fact,  however,  stood  out ;  namelv, 
that  the  application  of  a  small  permanent  voltage  in 
series  with  the  secondary  of  the  transformer  T  (Fig.  2), 
just  enough  to  keep  the  system  oscillating  very  feebly, 
at  once  completely  changed  the  speech  quality  from  bad 
to  good. 

Vol.  58. 


There  have  been  various  theories  to  explain  the  poor 
speech  quality,  the  first  of  which  may  be  called  the 
voltage  threshold  theory. 

Fig.  3  represents  the  voltage  applied  between  anode 
and  filament  of  an  oscillating  valve  plotted  against  the 
resulting  high-frequency  current.  It  will  be  seen  that 
the  curve  does  not  pass  exactly  through  zero  and  that 
a  voltage  V(  must  be  applied  before  the  system  will 
oscillate,  however  feebly.  It  was  suggested  that  initial 
small  voltage  variations  corresponding  to  the  preceding 
consonants  of  certain  words  might  not  exceed  V,  and 
that  they  would  therefore  never  appear  as  high  fre- 
quency oscUlations.  A  batterj',  the  voltage  of  which  was 
equal  or  slightly  less  than  V(  was,  therefore,  connected 
in  series  with  T,  but  no  improvement  in  speech  qualitj' 
was  noticeable  until  the  value  of  the  battery-  voltage 
exceeded  Vj  by  an  amount  d  V,  just  enough  to  keep  the 
system  permanently  but  feebly  oscillating.  This  theorj' 
then  does  not  explain  the  poor  speech  quahty  with 
quiescent  aerial  transmitters. 

Considerations  of  power  input. — In  a  report  on  choke 
control  by  Captain  N.  Lea  of  the  Wireless  Experimental 
Estabhshment,  R.A.F.,  it  was  suggested  that  quiescent 
aerial  systems  failed  because  the  power  input  was  not 
directly  proportional  to  the  voltage  input.  The  relation- 
ship is  represented  by  P  =  K  \'-.  Thus  a  voltage  input 
of  \',  volts  represents  a  power  output  of  P  watts,  but 
an   input  of   2  V,   volts    an  output  of  4  P  watts.     But 


;      I  1       Applied  volts 

dV 

Fig.  3. 

assuming  the  intensity  of  the  received  speech  to  be 
proportional  to  the  transmitted  power,  a  strict  pro- 
portionality should  be  maintained  and  the  received 
speech  should  faithfully  represent  the  input  voltage 
intensities,  which  in  their  turn  are  directly  governed 
by  the  voice. 

Time-lag  theory. — It  can  be  shown  experimentally 
that  a  time  interval,  amounting  in  extreme  cases  to 
3/iooths  of  a  second,  elapses  between  the  instant  of 
application  of  the  voltage  to  the  high-tension  terminals 
of  a  valve  oscillation  generator,  and  the  time  of 
appearance  of  oscillations  in  the  high-frequency  circuits. 
This  interval  is  reduced  the  greater  the  intensity  of 
the  applied  electromotive  force.  Furthermore,  the 
oscillations  persist  an  appreciable  time  after  the  with- 
drawal  of  the  voltage  pulse  which  created  them. 

Thus  in  the  case  of  the  voice-applied  high-tension 
quiescent  aerial  system  discussed  above,  the  initial 
speech    consonants,     which    produce    relatively    high- 
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frequency  and  small-intensity  voltage  variations  in 
the  control  circuits,  may  produce  no  corresponding 
high-frequency  oscillations,  since  their  time  of  endur- 
ance is  small  compared  with  the  total  time  lag  of  the 
oscillatory  circuits.  Preceding  consonants  are  the  most 
important  factors  in  determining  good  speech  quality, 
and  their  loss  alone  is  sufficient  to  make  articulation 
imperfect. 

The  application  of  the  small  extra  voltage  which 
maintains  a  small  permanent  oscillation  in  the  high- 
frequency  circuits  may  not  only  minimize  the  lag  but 
make  it  constant  for  different  intensities  of  applied 
voltage. 

It  is  true  that  only  one-half  of  the  speech  wave  is 
being  used,  and  it  might  appear  at  first  sight  that  the 
negative  kicks,  which  are  as  intense  as  the  positive, 
would  stop  the  system  oscillating  and  cause  lag  effects. 
It  must  be  realized,  however,  that  there  is  a  time  lag 
in  stopping  the  system  oscillating,  and  that  the  time  of 
endurance  of  the  negative  pulse  may  be  too  small  to  be 


But  now  suppose  a  voltage  (V(  -f-  ^  V)  is  applied  in 
series  with  T  (Fig.  2)  just  enough  to  maintain  a  slight 
oscillation  in  the  high-frequency  circuits.  This  case  is 
shown  in  Fig.  46,  and  the  shading  shows  the  periods 
during  which  the  oscillations  are  maintained.  At 
once  the  ratio  of  effective  to  non-effective  periods  is 
as  3  to  I,  i.e.  9  times  greater  than  when  {V  -I-  5  V)  was 
not  applied. 

The  period  during  which  the  negative  kick  tends  to 
stop  the  system  oscillating  is  now  very  small ;  so  small 
probably  as  to  be  negligible. 

When  a  permanent  positive  potential  is  applied  to 
the  control  valve  grid  these  conditions  are  not  present. 
It  was  noticed  that  the  speech  quality,  even  with  a 
permanently  oscillating  high-frequency  system,  was 
entirely  spoilt  unless  a  negative  potential  was  applied  to 
the  control  valve  grid. 

The  whole  theory  is  admittedly  incomplete  without 
further  experimental  corroboration,  but  it  was  impracti- 
cable  to   investigate   the   subject   more   deeply    during 
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Fig.  40. — Secondary  of  transformer  T  (Fig.  2) 
applied  to  oscillator. 
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Fig.  46. — V  -\-  dY  applied  to  oscillator  in  series 
with  secondary  of  transformer  T  (Fig.  2). 


effective.  There  is  also  a  further  reason  why  the  small 
extra  high  tension  is  effective  in  producing  good  speech. 
In  Figs.  4a  and  46  are  shown  rather  detailed  examina- 
tions of  the  low-frequency  current  and  voltage  changes  in 
a  control  system  similar  to  that  shown  in  Fig   2. 

The  curve  Vg  (Fig.  4a)  represents  the  voltage  applied 
to  the  grid  of  the  control  valve  V^  (Fig.  2)  and  is  for 
clearness'  sake  represented  as  a  sine  curve.  The  result- 
ing anode-current  curve  represents  the  current  changes 
in  the  primary  of  the  transformer  T  (Fig.  2).  It  is 
assumed  that  there  is  a  permanent  negative  potential 
on  the  grid  so  that  the  excursions  of  the  grid  voltage 
in  the  negative  direction  produce  little  or  no  current 
change  in  the  anode  circuit.  This  produces  asymmetry 
of  the  voltage  changes  in  the  secondary  of  the  power 
transformer  T  (Fig  2)  and  it  appears  that,  during  the 
period  of  negative  excursion  of  the  control  valve  grid 
voltage,  no  voltage  is  generated  in  the  transformer  T. 

The  shaded  loops  are  alone  effective  in  producing 
oscillations  in  the  high-frequency  valve  circuit,  which 
derives  its  power  solely  from  the  transformer  T  (Fig.  2). 
During  the  time  of  a  complete  cycle  of  applied  grid 
voltage  only  one-quarter  of  this  period  is  effective  in 
producing  oscillations  in  the  wireless  circuits. 


war  time,  and  quiescent  aerial  systems  were  abandoned 
for  other  circuits  which  seemed  to  give  more  promise. 

(d)  Excited  grid  system';. — Later  on,  however,  after 
the  declaration  of  the  Armistice,  the  author  experi- 
mented with  a  circuit  which  it  was  hoped  would  minimize 
the  lag  and  open  up  the  possibilities  of  quiescent  aerial 
systems  once  more. 

The  lag  in  the  valve  type  of  oscillation  generator  is 
probably  due  to  the  time  taken  for  the  energy  to  build 
up  between  the  grid  and  anode  coils.  To  overcome  this, 
therefore,  the  grid  voltage  of  the  power  valve  was 
continuously  varied  in  potential  from  an  outside  source 
at  a  period  corresponding  to  the  natural  period  of 
the  aerial  circuit. 

In  Fig.  5  the  circuit  L,  C;^  oscillates  continuously,  these 
oscillations  being  in  tune  with  the  aerial  system  A  L  C  E. 
Coupled  to  Lj:  is  an  aperiodic  coil  which,  due  to  the  oscilla- 
tion in  the  closed  circuit,  varies  the  voltage  periodically 
between  the  grid  and  filament  of  the  power  valve  Vp. 
There  is  no  coupling  between  P  and  L.  When  a  poten- 
tial difference  is  applied  between  X  and  Y  the  aerial 
system  is  set  into  oscillation.  There  should  therefore 
be  no  lag  in  building  up  the  oscillation  due  to  the  inter- 
action of  the  reaction  and  anode  coils,  as  the  grid  is  con- 
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tinually  and  uniformly  varied  in  potential  of  the  correct 
amplitude  and  period. 

The  speech  control  circuits  correspond  exactly  to 
those  shown  in  Fig.  2,  the  only  difference  in  the  whole 
arrangement  being  that  the  grid  of  the  power  valve 
is  continuously  excited  from  an  outside  source,  instead 
of  being  automatically  energized  from  the  interaction 
of  aerial  inductance  and  reaction  coils. 

The  circuit  gave  very  good  speech,  but  was  found 
to  be  not  a  truly  quiescent  aerial  transmitter,  inasmuch 
as  a  continuous  oscillation  was  set  up  in  the  aerial  due 
to  the  capacity  effect  between  the  grid  and  anode  of  the 
power  valve  Vp  (Fig.  5).  When  this  effect  was  reduced 
to  zero  the  speech  quality  became  worse,  although  it 
was  an  improvement  on  any  other  tried  system.  Speech 
quality  improved  with  brighter  filaments. 

A  further  experiment  was  tried  in  which  two  power 
valves  were  used,  each  dealing  with  the  different  halves 
of  the  speech  wave.     Blurred  speech  resulted  directly 


Fig.  5. 

the  second  valve  was  introduced,  whereas  with  one 
the  voice  was  quite  fairly  clear.  This  was  probably 
due  to  the  two  sets  of  oscillations  generated  by  each 
individual  valve  becoming  intermixed  just  around  the 
point  where  the  speech  voltage  was  zero,  showing  that 
one  oscillation  was  persisting  while  the  other  had 
already  started. 

The  above  discussion  points  to  the  conclusion  that 
the  quiescent  aerial  system  fails  owing  to  the  non- 
instantaneous  response  of  the  high-frequency  system 
to  the  fleeting  high-tension  pulses  applied  to  it,  and  that 
there  is  a  persistence  of  oscillation  after  the  high-tension 
pulses  have  ceased.  This  trouble  may  be  overcome 
by  maintaining  a  small  permanent  oscillation  which  is 
increased  in  intensity  according  to  the  intensity  of  the 
voice. 

(e)  Receivers  for  automatic  duplex  wireless  telephony. — 
Some  experiments  were  carried  out  with  limiting  valve 
circuits  and  "paralysis"  methods,  the  receiver  circuits 


being  set  to  the  same  wave-length  as  the  transmitter 
and  coupled  to  the  .same  aerial,  but  it  was  found  difficult 
satisfactorily  to  prevent  the  receiver  picking  up  high- 
and  low-frequency  disturbances  from  the  transmitter 
while  the  latter  was  active,  resulting  in  deafening  noises 
in  the  receiving  telephones  when  speaking  into  the  micro- 
phone.    No  satisfactory  cure  was  found  for  this  trouble. 

(/)  Conclusion  to  automatic  duplex  systems. — Any 
circuits  which  are  devised  to  make  quiescent  aeria 
transmitters  must  be  arranged  to  overcome  the  lag  effect. 
Even  if  circuits  are  so  devised,  they  will  not  materially 
help  the  progress  towards  true  duplex  systems,  since 
the  question  of  protection  of  the  receiver  still  remains. 
As  the  receiver  must  be  protected  from  the  oscillations 
it  is  no  longer  necessary  to  use  a  truly  quiescent  aerial 
transmitter ;  an  augmented  oscillation  transmitter 
will  do  as  well. 

Automatic  duplex  wireless  telephony  was  actually 
carried  on  over  short  ranges  using  limiting  receiving 
valves,  distuned  receiver  circuits  and  various  forms  of 
quiescent  aerial  transmitter,  but  the  conversations 
usually  degenerated  into  acrimonious  shouting  competi- 
tions which  did  little  more  than  deafen  the  sender  by 
his  own  voice. 

3.  True  Duplex  Wireless  Telephony  Systems. 

(a)  Protected  receiver  circuits. — In  a  protected  receiver 
system  there  is  no  novelty  in  the  transmitter,  which 
may  be  of  any  known  type  relying  for  its  action  upon 
the  steady  continuous  production  of  continuous  waves 
controlled  in  amplitude  by  the  voice  and  maintained  at 
a  constant  amplitude  even  when  the  operator  is  not 
speaking. 

This  ensures  the  production  of  good  transmitted 
speech  quality.  The  intrinsic  problem  of  the  arrange- 
ment is  to  ensure  that  the  receiver  shall  not  suffer  any 
great  lo.ss  of  sensitivity  due  to  the  persistent  presence 
of  the  relatively  large  alternating  currents  generated 
by  the  transmitter  which  may  be  connected  to  an  aerial 
very  close  to  the  receiving  aerial  or  to  a  common  aerial. 

(6)  Rejector  circuit.  Two  aerials  two  wave-leyigths. — • 
The  first  suggested  method  embodied  a  standard  type 
of  telephone  transmitter  oscillating  continuously  and 
connected  to  an  aerial  .separated  by  only  a  few  feet 
from  the  receiving  aerial.  The  received  wave-length 
differs  from  the  transmitted  wave,  and  all  that  is  neces- 
sary is  to  make  an  e.xtremely  selective  receiver,  which 
will  be  influenced  by  disturbances  of  one  single  frequency 
and  by  no  others,  whatever  (within  limits)  their 
intensities. 

Fig.  6  shows  an  aerial  A(  connected  to  a  standard 
type  of  transmitter  earthed  at  E,  and  this  constitutes 
the  sending  system  wherein  there  are  no  departures 
from  standard  practice. 

Let  the  wave-length  emitted  be  A  /. 

The  receiving  system  consists  of  a  second  aerial  A, 
which,  together  with  I,,,  is  tuned  to  a  wave-length  AR. 
A  closed  circuit  K,  Lj  K^  is  electrostatically  coupled 
to  the  aerial  system  by  the  condenser  K,,  and  is  also 
tuned  by  the  adjustment  of  the  condenser  K,  to  X  R. 

When  therefore  disturbances  of  a  wave-length  A  R 
fall  upon  the  aerial  the  closed  circuit  will  be  set  in 
oscillation. 
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If  a  receiver  is  coupled  to  I.^  these  oscillations  can  be 
detected  in  any  standard  manner.  It  will  be  seen  at 
once  that  the  value  of  K,  constitutes  the  electrostatic 
coupling  of  the  closed  ciroiit  to  the  aerial.  K,  is  ad- 
justed to  its  largest  possible  value  consistent  with 
sensitivity.  The  introduction  of  the  inductance  I., 
allows  K,  to  be  much  larger  than  if  the  aerial  were 
aperiodically  connected.  Forced  oscillatory  currents 
will  bs  set  up  in  the  receiving  aerial  by  the  relatively 
powerful  oscillations  in  the  nearby  aerial  Aj.  The.se 
oscillations  will  pass  to  earth  either  through  Kj  or 
through  Lj  K^,  dividing  in  the  inverse  ratio  of  the  im- 
pedances of  these  two  possible  paths.  If  Ki  is  large  its 
impedance  to  forced  oscillations  of  any  period  differing 
from  A  R  will  be  very  much  smaller  than  that  of  L^  Kj, 
and  so  nearly  all  the  forced  oscillations  will  be  diverted 
from  Lj  K2  and  the  actual  receiver  will  be  left  undis- 
turbed. Any  forced  oscillations  passing  to  earth  through 
Lj  Kj  will  be  further  prevented  from  influencing  the 
receiver  by  the  loose  coupling  between  L,  and  Lj. 


v 
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Fig.  6. 

A  safe  value  for  K,  is  0-003  nnfd.  I 'sing  an  aerial 
of  capacity  0-00025  mfd.  K^  can  be  made  to  vary  be- 
tween 0-0005  and  o-ooi  mfd.  depending  upon  the 
range  of  wave-lengths  desired,  and  L^  is  wound  to  suit 
the  value  of  the  received  wave-length. 

Thf  circuit,  in  the  a\ithor's  opinion,  is  novel,  although 
it  may  appear  to  resemble  very  closely  other  receiving 
circuits. 

Without  the  inductance  L,  (Fig.  6)  the  arrangement 
exactly  corresponds  to  the  well-known  "  flywheel  " 
circuit  which  may  be  used  for  the  reception  of  long  waves. 
But  this  flywheel  circuit  wiU  not  help  to  achieve  duplex 
working,  since  the  capacity  K,  has  to  be  of  the  same 
order  of  magnitude  as  the  aerial  capacity  if  the  arrange- 
ment is  to  be  sensitive.  This  means  that  the  impedance 
of  the  pure  capacity  path  to  the  forced  oscillations 
from  the  neighbouring  transmitter  is  largely  increa.sed, 
defeating   the  object  of  the  whole  arrangement.     The 


inclusion  of  the  inductance  L,  (Fig.  6)  magnifies  the  im- 
pulses due  to  the  incoming  signal  applied  to  the  closed 
circiit  and  allows  a  very  much  larger  capacity  to  be 
used  for  K,,  and  hence  increases  the  selectivity  of  the 
whole  arrangement  and  makes  duplex  telephonv  possible. 

No  doubt  the  rejector  circuit  would  fulfil  the  same 
functions,  but  it  is  claimed  that  this  circuit  is  an  im- 
provement on  the  rejector,  inasmuch  as  it  reduces  the 
number  of  necessary  adjustments. 

An  attachment  was  made  up  for  experimental  form 
for  demonstration  and  test  purposes.  This  attachment 
is  designed  for  wave-lengths  between  400  and  500,  or 
650  and  750  metres.  The  choice  of  these  wave-lengths 
was    influenced    by    the    receiver   ranges   which    corre- 
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sponded  to  those  given  above.  The  circuit  will  work 
at  a  difference  of  20  per  cent  between  the  transmitted 
and   receijk'ed   waves. 

The  transmitters  used  were  the  standard  Air  Force 
aircraft  wireless  telephones  and  on  the  average  gave 
0-4  ampere  in  the  transmitting  aerial.  The  aerials 
were  carried  on  a  common  spreader  4  feet  across.  The 
forced  oscillations  in  the  receiving  aerial  amounted  to 
about  40  milliamperes  and  nearly  i  milliampere  flowed 
through  the  path  Kj  Lj  coupled  to  the  receiver. 
No  sign  of  loss  of  sensitivity  was  noticed  due  to  the 
forced  oscillations,  provided  the  earthing  points  of  the 
transmitter  and  attachment  were  both  connected  to 
the  earth  at  the  same  point  and  not  made  common 
on  the  instruments  and  then  earthed  through  one  long 
wire. 

The  receiver  picked  up  very  little  radiated  high- 
frequency  speech  variations  from  the  nearby  transmitter. 
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but  the  interaction  of  the  low-frequency  circuits  gave 
a  comfortable  intensity  in  the  head  receivers.  The 
electrical  overhearing  of  one's  "own  speech  in  an  aero- 
plane is  very  essential  as  it  lends  confidence,  keeps  an 
automatic  check  on  speech  quality,  and  approximates 
to  conditions  of  ordinary  conversation  where  one  can 
hear  one's  own  voice. 

The  author  was  ordered  to  test  this  duplex  system 
between  kite  balloons  and  the  ground,  but  this  order 
was  countermanded  owing  to  the  rapidity  of  demobiliza- 
tion preventing  the  maintenance  of  balloon  crews  up 
to  full  strength.  It  would  have  been  interesting  to 
find  out  if  the  circuit  still  functioned  successfully  with 
the  rather  peculiar  earthing  arrangements  on  the  balloon 
which  must  differ  in  electrical  behaviour  from  the 
common  type  of  earth  used  on  the  ground. 

The  earth  on  the  balloon  consisted  of  a  network  of 
wire  festooned  about  the  envelope,  but  not  electrically 
connected  to  the  hawser  which  holds  the  balloon  captive. 

Many  successful  ground  demonstrations  were  given 
with  these  attachments,  and  all  who  used  it  were  im- 
pressed with  the  possibilities  of  true  duplex  working. 

It  is  admittedly  clumsy,  but  nevertheless  feasible,  to 
use  two  aerials  on  aeroplanes.  The  American  machines 
carried  two  rather  fine  wire  aerials  which  trailed  from  the 
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wing  tips  as  shown  in  Fig  7,  but  which  formed  one  single 
aerial  svstem.  They  were  not  wound  up  on  landing. 
Zeppelins  carried  three  trailing  aerials.  This  type  of 
duplex  working  using  smal'  power  should  prove  very 
useful  on  airships  for  giving  directions  for  landing, 
etc.,  as  it  needs  no  critical  adjustments.  The  two 
aerials  might  be  carried  as  shown  in  Fig.  8,  and  being 
at  right  angles  and  remote  from  the  ground  should 
be  immune  from  interaction. 

(c)  Divided  earth  circuit.  One  aerial  and  tivo  wave- 
lengths.— This  circuit  is  extremely  simple  in  concep- 
tion and  is  the  outcome  of  many  similar  arrangements 
which  did  not  prove  successful  for  one  reason  or  another. 
It  lends  itself  very  readily  for  application  to  aircraft, 
inasmuch  as  it  uses  one  common  aerial  for  both  sending 
and  receiving. 

The  connections  are  shown  in  Figs,  ga  and  gb. 
X  in  Fig.  93  is  the  earth  terminal  of  a  standard  tj'pe 
of  wireless  telephone  transmitter.  Instead  of  connect- 
ing this  point  directly  to  earth  the  earth  lead  is  split 


into  two  parallel  paths,  each  containing  capacity  and 
inductance.  The  underlying  idea  of  the  circuit  is  to 
arrange  for  all  the  transmitter  current  to  flow  through 
one  path  while  all  the  received  current  flows  through 
the  other.  The  receiver  can  then  be  coupled  to  L,  with- 
out being  affected  by  the  transmitter. 

To  achieve  this  end,  the  path  L,  C<  is  tuned  to  the 
transmitted  wave-length  and  L,  C,  together  with  the 
common  aerial  circuit  is  tuned  to  a  different  received 
wave-length.  The  point  X  is  furthermore  arranged  to 
be  a  node  of  potential  as  regards  the  voltage  distribu- 
tion of  the  transmitting  system,  so  that  there  is  no 
tendency  for  current  to  be  forced  into  the  path  L,  Q. 

Let  Cj  be  the  capacity  of  the  aerial  and  L  the  common 
aerial  inductance.  If  we  suppose  the  path  L,  C,  to  be 
disconnected,  then  the  transmitter  currents  will  flow 
through  L,  C/.     If  L,  C,  is    made  equal    to   L„  Q  the 


Fig.  ga. 
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wave-length  emitted  will  be  the  same  as  if  X  w^re  directly 
connected  to  earth.  Furthermore,  the  point  X  will  be 
node  of  potential  since  the  system  as  a  whole  forms 
an  alternating-current  bridge  (see  Fig.  gb,  where  C^ 
is  drawn  as  a  condenser)  which  is  balanced,  making 
the  points  X  and  E  of  the  same  potential  when  C^  L„ 
=  C,  L,. 

A  condition  of  balance  is  therefore  obtained  by  adjust- 
ing the  radiated  wave-length  with  the  path  L,  C,  added 
to  be  the  same  as  when  X  is  directly  connected  to  earth. 
If  now  L,  C,  is  connected  in  parallel  with  L,  C(  there  is 
no  insurance  against  the  possibility  of  the  balance  being 
upset,  as  the  whole  circuit  has  two  degrees  of  freedom 
and  may  oscillate  with  a  period  governed  by  L,  Q  or 
L,  C,  or  a  combination  of  both.  It  is  therefore  necessary 
to  prevent  the  valve  oscillation  generator  from  produc 
ing  oscillations  other  than  those  of  a  definite  frequency 
governed  by  the  values  of  C^,  L™,  L<  and  Q,  and  corre- 
sponding to  the  natural  time  period  of  the  aerial  in 
series  with  L„,  1-.  and  Q. 


562 


ECKERSLEY:   DUPLEX  WIRELESS  TELEPHONY: 


This  can  be  done  by  introducing  a  coupled  circuit 
between  L„  and  the  oscillation  generator,  or,  more 
simplv,  by  tuning  the  reaction  in  the  power  valve 
circuits. 

Thus,  by  limiting  the  degrees  of  freedom  of  the  oscil- 
lator to  one,  the  connection  of  L,  C,  between  two  points 
X  and  E,  of  the  same  potential,  cannot  disturb  the 
system  and  no  current  will  be  forced  in  the  path  L,  C,. 

It  is  nearly  impossible  to  find  a  quite  perfect  node, 
and  so  a  very  small  proportion  of  the  current  is  actually 
forced  into  the  path  L,  C,.  However,  the  greater  the 
difference  of  wave-length  the  less  current  will  be  forced 
into  L,  C,,  since  the  impedance  of  this  path  is  reactive, 
while  that  of  L,  Cj  is  only  resistive  to  the  oscillations 
produced  by  the  transmitter. 

The  circuit  has,  however,  two  degrees  of  freedom  as 
regards  the  receiver,  biit  this  is  unavoidable  for  any 
system  using  one  common  aerial  and  two  different 
wave-lengths.  But  inefficiencies  in  reception  are  not 
so  serious,  thanks  to  the  introduction  of  the  multi-valve 
amplifier  with  reaction  circuits. 

It  is  better  to  make  Lj  small  and  C,  large  in  order  to 
attain  good  balance.  Also,  in  order  that  the  impedance 
of  L,  and  C,  may  be  large  as  regards  the  transmitter 
oscillations  compared  with  Lj  Q,  L,  should  be  large 
and  C,  small. 

By  introducing  tuned  stoppers  in  the  two  earth 
paths  Fig.  ga  the  frequencies  in  the  two  paths  can  be 
made  more  nearly  equal. 

Using  \  ampere  in  the  aerial  and  tuned  stoppers  the 
two  wave-lengths  could  be  brought  within  lo  per  cent 
of  one  another  ;  without  stoppers  this  had  to  be  increased 
to  20  per  cent. 

The  loss  of  sensitivity  of  the  receiver  is  considerable 
if  the  wave-lengths  approach  one  another  too  nearly. 

The  receiver  used  was  a  three-valve  low-frequency 
amplifier  employing  reaction.  The  behaviour  of  the 
circuit  on  an  aeroplane  is  questionable,  as  the  node 
point  might  be  upset  badly  by  the  variations  in  aerial 
capacity  due  to  sudden  turns  or  dives. 

The  divided  earth  system  has  been  successfully 
demonstrated  to  numbers  of  officers  in  the  Air  Force, 
but  has  not  up  to  now  been  used  in  the  air.  It  has  the 
advantages  of  employing  standard  receivers  and  trans- 
mitters, using  only  an  attachment  to  convert  these  from 
switching  ciixuits  to  true  duplex  circuits. 

-J.  Partial  Duplex. 

(a)  Combination  of  foregoing  circuits. — It  has  been 
shown  that  a  trulv  quiescent  aerial  transmitter  with  the 
addition  of  some  arrangement  to  maintain  a  very  small 
permanent  oscillation  will  transmit  good  speech  quality. 
In  tliis  case  a  very  small  oscillation  is  permanently  flowing 
in  the  transmitter  and  the  speech  voltages  are  arranged 
to  increase  the  intensity  of  these  oscillations  according 
to  the  intensity  of  the  voice.  This  may  be  called  an 
"augmented  oscillation  transmitter"  in  contradis- 
tinction to  a  quiescent  aerial,  or  again  a  steady  output 
transmitter.  « 

If  such  a  transmitter  is  used  in  combination  with  a 
receiver,  protected  wholly  from  the  small  perm.anent 
oscillation,  but  with  imperfect  protection  for  greater 
amplitude,  partial  duplex  is  possible.     It  will  be  a  very 


simple  matter  to  protect  the  receiver  against  the  effects 
of  the  small  permanent  oscillation,  but  the  protection 
may  not  be  so  eft'ective  actually  when  speaking,  so  that 
quick  chipping-in  and  true  duplex  could  not  be  possible. 
Systems  such  as  this,  however,  would  represent  a 
considerable  advance  beyond  present  switch-operated 
arrangements,  besides  being  easy  to  handle  and  not  very 
critical. 

5.  Subsidiary  Problems. 

There  exist  other  problems  both  from  the  point  of 
view  of  the  maintenance  of  communication  between 
various  stations  and  from  a  purely  electrical  point  of 
view. 

The  adoption  of  two  wave-lengths,  one  for  transmis- 
.sion  to  and  the  other  for  reception  from  a  remote  station, 
has  many  practical  disadvantages.  If  there  are  more 
than  two  stations  it  is  necessary  for  each  to  receive  on  a 
different  known  wave-length.  Provided  this  is  done, 
any  one  station  can  by  calling  up  another  on  its  known 
received  wave  get  into  immediate  communication. 
This  becomes,  however,  cumbersome  where  there  are  a 
great  many  stations,  as  it  presupposes  a  large  gamut 
of  wave-lengths,  and  needs  furthermore  complicated 
wave-length-changing  switches  at  each  station. 

For  aircraft  work  it  might  be  arranged  for  each  air 
set  to  transmit  on  a  wavelength  ?.i  for  which  all 
ground  stations  should  listen  in,  while  the  ground  stations 
would  transmit  a  wave-length  A2  to  which  all  aircraft 
receiving  sets  would  be  tuned.  This  would  mean  that 
ground  stations  could  not  intercommunicate,  nor  for 
the  same  reason  could  aircraft  talk  to  each  other.  Ground 
stations,  however,  might  use  a  switching  system  for 
communicating  with  one  another  on  the  aircraft  trans- 
mitting wave,  and  aeroplanes  would  have  to  forgo  the 
problematical  advantages  of  talking  to  each  other. 

The  jambing  with  the  two  wave-length  system  is 
really  no  worse,  since  one  particular  wave-length  is  only 
used  half  the  time  that  it  would  be  with  single  wave- 
length duplex. 

These  practical  problems  may  limit  the  use  of  the 
two  wave-length  system  a  certain  amount,  but  never- 
theless there  are  great  opportunities  for  aircraft  and  ship 
work  awaiting  its  introduction. 

Apart  from  the  practical  problems  there  are  electrical 
problems  which  must  be  solved  before  the  system  can 
be  readily  adopted. 

First  comes  the  question  of  the  type  of  receiver  to 
be  used. 

In  all  the  foregoing  work,  note  amplifiers  in  con- 
junction with  a  reaction  valve  were  used.  They  have 
several  advantages  for  this  type  of  work,  since 
they  automatically  neglect  the  effect  of  oscillations 
below  a  certain  amplitude.  Thus,  even  though  the 
receiver  Is  not  perfectly  protected  from  the  oscillations 
of  the  transmitter,  these  forced  oscillations  do  not 
affect  the  receiver  provided  they  do  not  exceed  a  certain 
intensity. 

This  advantage  is,  however,  annulled  by  the  fact 
that  note  amplification  is  not  a  sensitive  method  of 
reception,  since  no  more  than  three  valves  can  be  used 
owing  to  distortion,  and  that  this  type  of  receiver  ampli- 
fies the  generator  hum  to  a  prohibitive  extent. 
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The  high-tension  voltage  for  the  transmitter  is  sup- 
plied in  aeroplane  work  from  some  form  of  rotary  direct- 
current  generator.  The  low-frequency  generator  ripple 
is  picked  up  by  the  receiver  and,  being  of  the  order  of 
frequency  which  the  receiver  is  designed  to  amplify, 
is  heard   abnormally   loud   in   the  receiving   phones. 

If  high-frequency  amplifiers  are  used,  the  noise  of  the 
generator  ripple  is  practically  annulled,  but  any  spark- 
ing at  the  commutator  sets  up  high-frequency  disturb- 
ances which  drown  the  signal  by  appearing  as  a  loud 
rustle  in  the  telephones.  Furthermore  the  high-fre- 
quency amplifier  is  sensitive  to  very  small  oscillations 
in  the  aerial  circuit  and  any  residue  of  the  forced  oscil- 
lations not  balanced  out  is  amplified  and  produces 
what  is  known  as  "  wipe  out,"  i.e.  the  receiver  becomes 
completely  insensitive  due  to  the  saturation  of  the  detec- 
tor valve.  Lastly,  the  high-frequency  disturbances 
set  up  in  the  neighbourhood  of  the  transmitter  produce 
"  wipe  out,"  even  though  the  receiver  is  completely 
disassociated  from  its  aerial,  so  that  the  most  perfect 
balancing  systems  would  be  ineffectual  in  protecting  the 
receiver. 

Partial  solutions  of  these  problems  may,  however, 
be  found.  Rippleless  generators  have  _been  designed 
for  telephone  work  by  the  use  of  smooth  cores — and 
sparking  can  be  very  largely  reduced  at  the  commutator. 
Further  than  this,  chokes  and  condensers  suitably- 
arranged  help  to  smooth  out  ripples. 

The  direct  "  wipe-out  "  with  high-frequency  receivers 
can  be  overcome  by  perfect  screening  of  all  circuits  by 
metal  covering.but  this  screening  has  to  be  very  thorough. 
In  fact  a  severe  critic  of  these  duplex  systems  says 
screening  will  be  ineffective  until  the  operator  as  well 
is  encased  in  metal  earthed  clothes. 

The  wipe-out  due  to  the  forced  oscillations  in  the 
receiver  circuits  can  only  be  eliminated  by  more  and  more 
delicate  balance  systems,  but  practically  this  must  be 
eliminated  bv  a  rigid  economy  in  the  use  of  high-fre- 
quency amplification,  which  means  sacrificing  sensitivity 
in  the  receiver. 

Doubtless  the  best  compromise  between  high  and  low- 
frequency  amplification  must  be  arrived  at  by  experi- 
ment. 

In  former  demonstrations  given  by  the  author  the 
problem  was  begged  by  using  high-tension  batteries  for 
the  transmitter  and  reaction  circuits  with  note  amplifiers 
for  the  receiver. 

Conclusion. 

The  unfinished  and  somewhat  undigested  e.xperi- 
ments  outlined  in  the  foregoing  discussion  were  under- 
taken at  first  rather  light-heartedly  in  order  quickly 
to  devise  some  form  of  duplex  wireless  telephony  which 
would  satisfy  the  needs  of  the  overseas  forces.  But  as 
the  magnitude  of  the  problem  became  more  apparent, 
and  later  when  the  war  ended,  the  researches  were 
pursued  more  with  the  idea  of  obtaining  a  comprehen- 
sive survey  of  the  whole  subject  rather  than  of  develop- 
ing practically  one  single  system. 

The  deeper  theory  of  the  action  of  the  circuits,  especi- 
ally with  regard  to  the  quiescent  aerial  system,  has  not 
been  investigated,  firstly  because  the  needs  of  the  war 


precluded  elaborate  research,  and  secondly  owing  to 
the  very  general  nature  of  the  work. 

The  problem  has  undoubtedly  been  under  the  con- 
sideration of  engineers  since  the  inception  of  wireless 
telephony,  and  even  the  introduction  of  the  valve,  so 
powerful  an  asset  in  the  solution  of  many  difficulties, 
has  not  provided  any  solution  of  the  problem  of  duplex 
wireless  telephony. 

The  methods  given  above,  however,  may  give  a  certain 
basis  on  which  to  build  future  work,  and  this  can  be  the 
onlv  excuse  for  detailing  them  here.  Undoubtedly 
after  a  little  further  experimenting  certain  of  the  systems 
are  immediately  applicable  to  aircraft,  more  especially 
airships. 

My  thanks  are  due  to  the  Air  Ministry  for  permission 
to  read  this  paper,  to  Mr.  R.  T.  B.  Wynn  for  his  help 
during  the  course  of  the  experiments,  and  lastly  to  Major 
C.  F,.  Prince  and  the  other  e.xperimental  officers  of  Biggin 
Hill  who  were  largely  responsible  for  whatever  small 
success  has  been  achieved. 


APPENDIX  I. 

As  this  subject  is  to  a  certain  extent  new,  a  new 
nomenclature  is  necessary.  This  nomenclature  has 
been  introduced  in  the  text,  but  a  recapitulation  may 
be  valuable. 
I  The  term  "  true  duplex  wireless  telephony  "  there- 
fore includes  all  circuits  which  protect  the  receiver  from 
the  most  intense  oscillations  generated  by  the  trans- 
mitter so  that  "  chipping-in  "  is  always  possible. 

The  term  "  partial  duplex  wireless  telephony  "  in- 
cludes circuits  in  which  the  receiver  is  protected  from  a 
small  permanent  oscillation  generated  in  the  transmitter,, 
this  oscillation  being  increased  in  value,  when  speaking, 
proportionately  with  the  intensity  of  the  voice.  The 
receiver  is  not  protected  from  the  intense  oscillations 
generated  when  speaking  and  so  "  chipping-in  "  is 
not  always  possible. 

The  term  "  automatic  duplex  wireless  telephony " 
includes  circuits  in  which  the  transmitter  only  produces 
oscillations  when  speaking  which  automatically  paralyre 
the  receiver  meanwhile,  so  that  the  system  resembles 
only  an  automatic  switching  system. 

Any  type  of  transmitter  can  be  used  with  true 
duplex  telephony. 

The  name  "  augmented  oscillation  transmitter " 
has  been  given  to  the  transmitter  used  with  partial 
duplex  systems. 

The  name  "  quiescent  aerial  transmitter "  has 
been  given  to  the  transmitter  used  with  the  auto- 
matic duplex  system. 

APPENDIX    2. 

(Received  29  June,   1920.) 

Theory  of  Wireless  Telephony. 

It  may  not  be  out  of  place  in  this  appendix  to  go  a 
little  deeper  into  the  theory  of  telephony  generally  and 
particularly  to  show  the  reasons  for  good  and  bad  speech 
quahty.  It  becomes  more  and  more  obvious  that  the 
design  of  the  receiver  has  an  influencing  factor  on  the 
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quality  of  the  received  speech  and  it  is  hoped  this 
discussion  may  elucidate  certain  reasons  for  this. 
Another  point  that  this  appendix  deals  with  concerns 
a  possibihty  of  the  quiescent  aerial  transmitter,  where, 
by  a  certain  arrangement  of  circuits,  telephony  can  be 
transmitted  without  any  component  of  the  fundamental 
frequency,  that  is,  without  a  so-called  carrier  wave. 

The  high-frequency  component  can  be  written  as 
sin,  p  t  where  />  is  2  tt  X  frequency.  The  voice  intro- 
duces a  number  of  lower  frequencies  which  are  super- 
imposed on  the  high  frequency.  The  voice  component 
can  be  written  as  /  (t)  and  the  high-frequency  com- 
ponent sent  out  as  f{t)  sin  pt.  But  f(t)  can  be 
analysed  into  a  Fourier  series  and  written 

/  (0  =  A  +  B  sin  J  i  +  C  sin  2  q  t+  .  .  .  N  sin(«  - 

•Combining  these  terms 

/{<)  sin  pt=  A  siapt  +  Bsinpt  .  sin  ^^-f  Csin  pi 
+  .  .  .  N  sin  pt  .sin  {n  —  i)  gt 
=  Asinpt  +  i'B  [cos  {p  +  q)  t  ~  cos  {p  - 
+  h  C[cos(/)  +2q)t-cos{p-2g)t]  + 
JN  -^coslp  +  (n  —  i)qt]  —  cos[>— (n 


It  is  essential  to  realize  that  perfect  speech  will  only 
be  reproduced  if  all  the  family  are  present  in  their 
relative  importance.  Thus  an  intensive  reaction  on  the 
receiver  will  enhance  the  size  of  the  crusader  relatively 
to  his  younger  children,  and  so  the  higher  harmonics  of 
the  voice  may  be  lost.  Furthermore,  the  crusader  may 
be  so  vastly  increased  in  relative  size  that  an  actual 
wipe-out  effect  may  be  introduced  on  the  detector 
valve. 

Thus  damped  high-frequency  transformers  and  flatly 
tuned  receiving  circuits  are  advisable  if  good  speech  is 
to  be  received,  but  this  presupposes  a  good  strength 
of  signals. 

The  trouble  might  be  largely  overcome  by  eliminating 
the  term  A  sin  p  t,   called  the  carrier  wave,  from   the 
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Thus  it  is  seen  that  the  effect  of  modulating  the  high  j 
frequencies  with  the  voice  is  to  introduce  new  frequencies  [ 
IP  +  g)t  and  [p  ~  q)t  and  so  on,  which  differ  more  and 


Asinpt 


Bsir4p-q)t 


Bsin(p±q)t 


Fig.   10. 

more  from  the  frequency  of  the  fundamental  sin  p  t 
for  the  higher  harmonics  of  the  voice.  Thus  the  higher 
harmonics  of  the  voice  are  carried  by  wireless  fre- 
quencies which  differ  in  frequency  from  the  funda- 
mental by  greater  amounts.  Drawing  therefore  a 
diagram  showing  the  various  resonance  curves  for  each 
separate  component  of  the  voice  variation  we  have  a 
family  of  curves  as  indicated  in  Fig.  10. 

The  centre  curve  represents  A  sin  p  t,  the  fundamental 
frequency  of  the  transmitter,  and  exists  before  the 
voice  is  appUed.  Directly  the  voice  modulation  occurs 
the  smaller  side  frequencies  are  introduced,  and  it  is 
the  mutual  heterodyning  of  these  frequencies  with  each 
other  and  with  the  fundamental  in  the  receiver  that 
produces  speech. 

The  whole  picture  has  been  aptly  termed  the 
"  crusader  and  his  children,"  being  not  unUke  the  old 
brasses  in  churches  where  the  tall  crusader  is  shown 
standing  with  his  diminishing  sons  and  daughters  on 
either  side. 


transmitter  and  introducing  it  as  a  homodyne  (i.e.  an 
independent  heterodyne  in  tune  with  the  carrier-wave 
frequency  exactly)  at  the  receiving  end.  Thus  instead 
of  expending  several  kilowatts  perhaps  in  producing  a 
carrier  wave  to  travel  500  miles  it  is  possible  to  transmit 
only  the  side  frequencies  on  speaking  and  supply  the 
carrier  wave  from  the  energy  of  i  watt  a  few  inches 
distant  from  the  receiver. 

This  presupposes  a  quiescent  aerial  transmitter  since 
the  energy  is  only  sent  out  as  side  frequencies  when 
speaking,  the  normally  continuously  active  carrier  wave 
being  suppressed. 

The  obvious  way  of  suppressing  the  carrier  wave  is  to 
make  A  in  the  above  expression  equal  to  zero.  The  term 
A  represents  the  mean  value  of  the  modulating  ampli- 
tude.   Thus,  in  Fig.  na,  A  represents  the  mean  value 


Fig.   116. 

of  the  envelope  of  the  high-frequency  amplitudes  during 
successive  times.  It  will  be  at  once  seen  that  the  curve 
is  always  above  the  line  of  zero  amplitude  and  that  we 
can  draw  a  hne  at  an  ampUtude  A  that  is  equal  to  the 
mean  amphtude  of  the  high  frequency  when  modu- 
lated. This  is  the  meaning  of  the  term  A  in  the  series 
representing  the  components  of  the  speech  frequencies. 
To  make  A  zero  therefore  the  speech  modulation  must 
be  as  much  below  the  line  of  zero  amplitude  as  above. 
This  is  shown  in  Fig.  116.  Such  a  condition  represents 
a  periodic  reversal  of  phase  in  the  transmitted  high 
frequency. 

The  methods  of  producing  such  a  reversal  of  phase, 
and  hence  transmission  without  a  carrier  wave,  are 
many,  but  it  may  be  easiest  to  see  the  idea  if  modification 
of  Fig.  6  is  described. 

Thus  suppose  instead  of  one  circuit  C^:  L^  continuously 
oscillating   there   are   two   circuits   oscillating  in   tune 
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but  i8o°  out  of  phase  and  so  arranged  that  their  effects 
on  the  coil  P  are  zero.  Then  suppose  a  permanent 
high  tension  is  apphed  between  X  and  Y.  If  perfect 
balance  between  the  two  closed  circuits  is  arranged 
no  aerial  currents  will  be  set  up.  Directly,  however, 
the  balance  is  upset  and  C;^  L^,  say,  predominates, 
oscillating  currents  will  be  set  up  in  the  aerial  in  tune 
with  Q  L,.  But  if  the  balance  is  upset  by  first 
augmenting  the  currents  in  C^  L^  relatively  to  the 
second  opposing  circuit,  and  then  by  augmenting  the 
second  circuit  above  C^  L^,  the  oscillations  in  the  aerial 
will  re\erse  in  phase  depending  upon  which  circuit  is 
momentarily  predominating.  If  again  such  a  periodic 
U)  j-.etting  of  the  balance  is  caused  by  the  voice,  telephony 
wi,i  be  radiated.  But  telephony  will  be  only  radiated 
due    to    the    side    frequencies   and    never    due    to    the 


fundamental,  firstly  because  it  is  only  the  introduction 

of  the  side  frequencies  which  will  upset  the  balance, 
and  secondly  because,  as  has  been  formerly  argued,  the 
term  A  has  been  reduced  to  zero. 

Some  great  economies  in  power  might  be  effected  if 
this  system  were  perfected,  but  it  is  still  doubtful 
whether  the  difficulties  of  the  receiving  end  will  be 
overcome  and  also  whether  with  all  precautions  other 
effects  may  not  spoil  the  transmitted  speech  quahty. 
The  whole  wave-length  may  change  while  speaking, 
i.e.  the  wave-length  of  the  homodyne  may  have  to  move 
with  the  intensity  of  the  side  waves  and  it  is  still 
doubtful  whether  the  lag  effect  may  not  spoil  the  speech 
quahty  of  the  necessarily  quiescent  aerial  transmitter. 
The  subject  has  a  theoretical  interest  and  has  the  germ 
of  a  very  practical  economy  for  telephony  transmission. 


Discussion. 


Professor  C.  L.  Fortescue  :  One  cannot  but  admire 
the  persistence  and  optimism  with  which  the  author 
.  has  attacked  the  problems  described  in  this  paper, 
especially  as  the  problem  must  often  have  appeared 
to  him  to  be  practically  insoluble.  Particularly  is 
this  so  when  it  is  remembered  that  it  was  proposed  to 
use  this  apparatus  in  the  very  limited  space  available 
in  an  aeroplane  or  an  airship.  The  whole  question  of 
duplex  wireless  telephony  is,  I  suppose,  at  the  moment 
the  most  pressing  problem  in  connection  with  wireless 
telephony,  and  it  is  probable  that  most  wireless  engineers 
would  welcome  a  sohition  of  this  problem  with  greater 
enthusiasm  than  the  solution  of  any  other.  Apparently, 
there  are  only  three  possibilities.  One  of  them  is  by 
using,  as  the  author  has  shown  us,  two  waves.  There 
are  certainly  only  two  possibilities  of  using  a  single 
wave,  which  is  so  very  desirable.  There  is  firstly  the 
method  which  the  author  has  mentioned  in  the  paper 
of  a  high-frequency  Wheatstoue  bridge  arrangement 
as  used  by  Alexanderson  in  America.  I  do  not  quite 
know  with  what  success  that  has  been  carried  out, 
but  looking  at  the  circuits  it  appears  that  the  adjust- 
ment of  the  balance  of  the  Wheatstone  bridge  must  be 
exceedingly  critical.  Secondly,  there  is  the  quiescent 
aerial  method.  The  author  has  explained  the  difficulties 
of  this  sj'stem  and  has  pointed  out  something  of  what 
takes  place  with  regard  to  the  action  of  the  circuits. 
I  think,  however,  that  there  is  one  point  which  he 
has  not  made  quite  clear.  He  said  that  although  he 
was  working  with  only  the  half  waves,  the  quiescent 
aerial  gives  exactly  the  same  conditions  as  when  working 
with  the  modulated  wave  of  the  oscillating-aerial 
system.  I  am  not  quite  clear  that  the  results  are  the 
Same  in  each  case.  It  appears  to  me  that  in  working 
with  the  half  waves  extra  harmonics  must  necessarily 
be  introduced  at  the  recei-ving  end,  quite  independently 
of  whether  the  law  of  the  relation  between  the  power 
transmitted  and  the  voltage  applied  to  the  transmitting 
valve  is  the  same  as  the  law  of  the  power  which  is 
rectified  by  the  receiving  valve  from  the  incoming 
waves.  The  curves  sketched  in  Fig.  A  and  Fig.  B  will 
bring  out  this  point.  Ai  and  Bi  are  assumed  sine  waves 
of   voltage   output   from   the   microphone   transformer. 


A2  and  B2  represent  the  resulting  aerial  oscillations  ; 
and  A3  and  B3  the  current  through  the  telephones  at  the 
receiving  station.  With  the  quiescent  aerial  the  alter- 
nating component  of  the  telephone  current  is  an  irregular 
wave  about  the  line  P  Q,  having  sharp  corners  at  X  andY. 
With  the  permanently  oscillating  valve  the  variations 
of  the  telephone  current  follow  a  more  nearly  perfect 
sine  wave  about  the  line  RS  (Fig.  B3).  The  irregular 
wave  of  Fig.  A3  means  that  harmonics  have  been 
introduced  which  are  due  to  the  fact  that  only  the 
half  waves  are  in  use.     One  or  two  remarks  in  the  paper 


Quiescent    aerial 
Tig.  Ai. 


Modulated  continuoui  wave 
Fij.Bi. 


Fig.  A. 


Fig.  B. 


rather  bear  out  this  theorj'.  There  is  the  observed  fact 
that  speech  is  greatly  improved  if  a  small  oscillation  is 
continuously  passing.  That  is,  I  think,  because  there 
will  be  a  little  rounding  off  of  the  corners  X  and  Y  of 
the  curve,  and  thus  a  nearer  approach  to  the  sine  wave 
in  the  variation  of  the  telephone  current  than  when 
there  is  no  oscillation  at  all.  Again,  if  two  valves 
are  used  working  on  alternate  half  cycles,  the  result 
is  to  add  on  another  part  to  Fig.  A3  which  will  accentuate 
the  sharp  comers  at  X  and  Y.  Instead  of  going  down 
as  it  ought  to  do,  to  reduce  the  harmonics,  the  curve 
will  go  up.  I  think  this  is  the  explanation  of  the  ob- 
served fact  that  the  addition  of  the  second  valve  caused 
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blurred  speech.  If,  as  appears  to  be  the  case,  the 
difficulty  of  the  extra  harmonics  is  unavoidable,  it 
appears  that  we  have  to  fall  back  upon  the  protected 
receiver  system,  and  it  almost  seems  as  if  we  are  also 
compelled  to  fall  back  upon  the  two-wave  system. 
The  two-wave  systems  which  the  author  has  described 
are  very  interesting  indeed.  I  think  they  are  really 
loosely-coupled  circuits  in  both  cases.  Fig.  6,  for 
example,  seems  to  me  to  be  an  old  loosely-coupled 
circuit  using  capacity  coupling.  The  author  mentions 
that  it  is  novel,  but  I  believe  that  in- about  1907  a 
description  of  almost  that  identical  circuit  was  published. 
The  other  circuit  shown  in  Fig.  cja  and  Fig.  96  is  some- 
what different,  but  on  the  whole  it  is  not  vastly  different. 
It  requires  a  rather  more  delicate  adjustment  for  the 
tuning  and  is  a  less  flexible  arrangement  in  the  matter 
of  coupling.  I  should  like  to  ask  the  author  whether 
he  has  attempted  to  compare  that  circuit  with  a  very 
accurately-tuned  loosely-coupled  circuit.  I  think  that 
possibly  the  results  might  not  be  greatly  different. 
The  system  of  using  a  by-pass  tuned  to  the  wave  which 
one  wishes  to  get  rid  of,  and  of  which  this  is  an  example, 
has  been  used  many  times,  but  personally  I  have  always 
found  it  an  extraordinarily  difficult  thing  to  achieve, 
because  there  is  the  tuning  of  both  circuits,  and  it  is 
necessary  as  well  to  pick  out  exactly  the  node  for  the 
incoming  oscillation  that  it  is  desired  to  receive.  At 
the  end  of  the  paper  the  author  gives  a  list  of  the 
difficulties  that  further  experimenters  will  be  up  against. 
I  think  that  list  is  already  likely  to  deter  anyone  who 
has  any  idea  of  working  on  the  same  subject,  but  it 
might  even  be  added  to.  For  instance,  considerably 
improved  microphones  which  will  operate  quite  regu- 
larly and  uniformly  without  difficulties  arising  from 
variations  of  air  pressure  ;  and  receiving  and  transmitting 
apparatus  having  precisely  the  same  laws  could  well 
be  added.  With  regard  to  the  latter,  if  there  is  not  a 
very  close  similarity  between  the  laws  of  the  trans- 
mitting and  receiving  valve  it  is  obvious  that  the 
variations  reproduced  in  the  telephone,  quite  inde- 
pendently of  the  difficulty  which  arises  from  the 
tuning  of  the  "  crusaders  and  their  family,"  will  lead 
to  added  harmonics  and  to  blurred  speech. 

Captain  J.  M.  Furnival  :  I  should  like  to  ask  the 
author  what  results  he  obtained  in  practice  from  an 
aeroplane  to  the  ground,  or  from  one  aeroplane  to 
another. 

Professor  G.  W.  O.  Howe  :  I  have  wished  once  or 
twice  that  some  of  the  papers  which  have  been  read 
recently  before  the  Institution  describing  the  technical 
work  done  in  this  country  during  the  war  could  have 
been  read  a  year  ago,  because  in  reading  the  Continental 
and  American  papers  during  the  last  year  or  18  months 
I  have  been  somewhat  depressed  by  the  impression  that 
all  the  work  had  been  done  abroad  and  little  if  any 
in  this  country.  We  are  now  beginning  to  see,  however, 
that  a  great  amount  of  ^'ery  valuable  research  work 
was  done  in  this  country  during  the  war.  There  are 
one  or  two  points  I  should  like  to  ask  the  author, 
mainly  connected  with  matters  of  detail.  I  do  not 
know  whether  there  is  any  special  object  in  drawing 
the  winding  of  some  of  the  transformers  as  shown  in 
Fig.    2,     Is   it    intended    to    indicate    anything    special 


in  their  construction  ?  I  admire  the  optimism  of  the 
author  in  experimenting  with  the  quiescent  aerial 
systems.  When  one  remembers  that  the  only  electro- 
motive force  in  the  anode  circuit  is  that  induced  by  the 
microphone  current,  and  that  until  we  speak  into  the 
microphone  there  is  no  electromotive  force  at  all  in 
the  anode  circuit,  to  expect  this  oscillatory  system  to 
build  up  in  the  very  short  space  necessary  to  reproduce 
initial  consonants  shows,  I  think,  very  great  optimism 
on  the  part  of  the  experimenters  and  I  am  surprised 
to  learn  that  they  got  intelligible  speech.  I  cannot 
quite  follow  the  argument  set  out  in  the  paragraph  at 
the  foot  of  the  first  column  on  page  558.  The  author 
there  says  :  "  During  the  time  of  a  complete  cycle 
of  applied  grid  voltage  only  one-quarter  of  this  i<criod 
is  effective  in  producing  oscillations  in  the  wireless 
circuits."  It  is  obvious  that  it  is  about  one-quarter 
in  Fig.  4a.  Then  further  on  we  are  told  :  "  But  now 
suppose  a  voltage  {Y,  -f-  (5  V)  is  applied  in  series  with 
T  (Fig.  2)  just  enough  to  maintain  a  slight  oscillation 
in  the  high-frequency  circuits.  This  case  is  shown 
in  Fig.  46,  and  the  shading  shows  the  periods  during 
which  the  oscillations  are  maintained.  At  once  the 
ratio  of  effective  to  non-effective  periods  is  as  3  to  i, 
i.e.  9  times  greater  than  when  (V  -|-  5  V)  was  not 
applied."  I  cannot  see  where  the  9  comes  in.  If  the 
whole  period  be  divided  into  12  equal  parts,  the  effective 
period  is  equal  to  3  parts  in  Fig.  4a,  and  9  parts  in 
Fig.  46,  so  that  the  effective  period  is  increased  three- 
fold. With  regard  to  the  nomenclature  of  the  paper — 
a  point  to  which  the  author  has  referred — I  wonder 
whether  "  duplex  "  in  this  connection  is  not  a  misnomer. 
By  "  duplex  "  we  usually  understand  two  operators 
at  one  end  and  two  at  the  other  end  working  simul- 
taneously in  two  directions,  just  as  in  wireless  telegraphy 
duplex.  If  a  system  were  ultimately  introduced  in 
which  a  talker  and  a  listener  at  each  end  worked 
simultaneously  in  two  opposite  directions,  I  do  not 
know  what  we  should  call  it.  The  distinguishing 
feature  seems  to  me  to  be  the  possibility  of  interruption  : 
it  is  an  interruptible  telephone  that  we  are  using  here. 
At  the  bottom  of  the  first  column  on  page  555  the 
author  saj's  ;  "  Conversations  with  switched  wireless 
telephony  sets  suffer  from  the  same  disadvantage  as 
conversations  with  speaking  tubes  where  simultaneous 
transmission  and  reception  is  impossible."  If  it  were 
desirable  in  any  way  I  do  not  see  any  difficulty  in  having 
a  tube  fitted  with  both  a  mouthpiece  and  an  earpiece 
or  in  having  two  parallel  tubes,  one  with  a  mouthpiece 
and  one  with  an  earpiece.  The  author  also  mentions 
aperiodic  coils.  I  do  not  think  that  this  is  a  correct 
use  of  the  word.  These  coils  are  not  aperiodic  ;  they 
are  merely  untuned.  Just  above  Fig.  ga  I  think  the 
wording  might  be  made  a  little  clearer.  The  author 
says  :  "  To  achieve  this  end,  the  path  L<C(  is  tuned 
to  the  transmitted  wave-length  and  L,  C,  together 
with  the  common  aerial  circuit  is  tuned  to  a  different 
received  wave-length."  If  LjCj  is  tuned  to  the  trans- 
mitted wave-length  there  is  no  need  to  say  lower  down 
that  :  "  The  point  X  is  furthermore  arranged  to  be  a 
node  of  potential  as  regards  the  voltage  distribution  of 
the  transmitting  system."  It  must  necessarily  be  so. 
Flight-Lieutenant  H.  Leedham  :   I  should  like  to 
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say  how  very  desirable  it  is,  so  far  as  those  of  us  who 
have  anything  to  do  with  telephony  in  the  air  are 
concerned,  that  there  should'  be  this  duplex  or 
interruptible  system,  and  how  interested  we  are  to 
find  that  so  much  progress  has  been  made  in  regard  to 
it.  We  should  like  to  see  further  progress  towards 
doing  away  with  the  trailing  aerial  altogether.  The 
trailing  aerial  cannot  be  used  at  any  rate  in  fighting 
machines,  with  the  result  that  the  wireless  telephone 
will  never  be  very  popular  in  the  fighting  arm  of  the 
Air  Force  until  the  aerial  is  abolished  altogether  and 
a  frame  system,  or  something  of  that  sort,  adopted. 
I  should  be  very  interested  to  know  whether  any 
developments  have  been  made  in  that  direction. 

Major  C.  E.  Prince  :  I  quite  agree  with  Professor 
Fortescue  as  to  the  importance  of  the  subject.  If  we 
can  get  true  two-way  working  we  shall  have  made  the 
next  great  advance  in  telephony.  All  the  author's 
suggestions  seem  to  point  towards  the  use  of  two-wave- 
length systems,  but  he  has  also  shown  their  disad- 
vantages, and  I  cannot  help  thinking  that  there  must 
be  some  future  also  for  the  one-wave-length  system, 
and  possibly,  as  is  indicated  towards  the  end  of  the 
paper,  for  the  combination  of  circuits  which  the  author 
calls  the  "  augmented  oscillation  "  system.  If  we 
consider  the  conditions  in  an  ordinary  receiver  when 
we  are  receiving  telephony,  there  is  a  small  continuous 
wave  falling  on  the  aerial,  and  the  receiver  must  be  to 
this  extent  in  a  state  of  continuous  oscillation.  That 
is  a  fundamental  consideration.  Therefore  if  in  any 
way  the  continuous  oscillation  prevents  us  receiving, 
it  must  simply  be  a  question  of  magnitude.  It  seems 
to  me  that  it  may  be  possible  to  achieve  a  system  in 
which  the  "  augmented  oscillation  "  transmitter  may 
keep  up  a  weak  oscillation,  which  might  be  rendered 
innocuous  to  the  receiver  by  some  such  system  as 
backing-ofl.  I  have  made  experiments  which  seem  to 
indicate  something  of  that  sort,  and  hope  that  future 
experimenters  will  not  neglect  the  one-wave  system. 
I  should  like  to  tell  Professor  Howe  that  all  workers 
in  telephony  would  be  only  too  pleased  if  some  Greek 
scholar  would  invent  a  practical  nomenclature  which 
would  satisfy  the  requirements  of  this  new  subject. 
I  was  very  glad  to  hear  him  speak  in  appreciation  of  the 
scientific  research  of  all  kinds  in  regard  to  wireless 
which  was  done  in  England  during  the  war.  I  happen 
to  know  something  about  it,  and  that  the  work  done 
was  certainly  not  inferior  to  that  of  any  of  the  other 
belligerents. 

Professor  E.  W.  Marchant  :  With  reference  to  the 
paragraph  at  the  top  of  page  55S  referred  to  by  Professor 
Howe,  the  author  says  that  the  ratio  of  effective  to 
non-effective  periods  is  as  3  to  i .  As  it  was  previously 
I  to  3,  the  ratio  is  9  times  as  big.  I  think  that  is  what 
the  author  means,  but  I  do  not  think  he  has  stated  it 
quite  fairly.  It  would  be  better  to  say  there  is  3 
times  as  long  a  period  of  operation  in  one  case  as  in 
the  other.  My  experience  in  wireless  telephony  has 
been  limited  entirely  to  cases  in  which  there  was  a 
switched-in  telephone.  I  should  like  to  bear  out  fully 
the  objections  which  have  been  raised  to  the  method 
by  Professor  Howe  and  others  ;  if  the  duplex  system 
could  be  made  thorouglily  satisfactory,  it  would  be  a 


very  great  advantage.  I  am  surprised  that  the  system 
in  which  the  quiescent  aerial  has  been  used  has  been 
so  successful.  If  one  looks  at  the  circuits  and  realizes 
that  the  function  of  the  "  speech  "  current  in  the 
microphone  is  to  start  the  oscillations  in  the  valve, 
it  seems  most  remarkable  that  the  system  should  have 
been  able  to  produce  sounds  in  the  receiver  which  at  all 
corresponded  to  the  words  spoken  into  the  transmitter. 
The  voltage  on  the  choke  coil  due  to  the  microphone 
current  has  got  to  start  an  oscillation,  and  it  must 
produce  an  oscillation  of  a  strength  exactly  corre- 
sponding to  that  voltage  in  an  extremely  short  time  if 
it  is  to  be  perfect.  The  author  has  referred  to  the 
inten'al  before  the  oscillations  begin,  as  being  something 
of  the  order  of  3/iooths  of  a  second  under  the  worst 
conditions.  I  think  it  must  be  very  much  less  than 
this  under  favourable  conditions,  and  I  should  like  to 
ask  the  author  whether  he  has  any  records  of  the 
quickness  of  the  response  of  the  production  of  these 
oscillations  to  the  voltages  which  were  applied.  I  have 
seen  the  very  interesting  oscillograms  published  in 
Major  Stanle}''s  book,  obtained  with  a  cathode-ray 
oscillograph  which  has  been  developed  in  France  by 
Dufour,  and  it  seems  to  me  that  if  some  such  records 
could  be  obtained  with  this  apparatus  it  would  throw 
a  great  deal  of  light  on  the  question.  The  most  promising 
method  at  present  is  certainly  the  two-wave  system. 
On  page  557,  where  reference  is  made  to  the  intensity 
of  the  received  speech  being  proportional  to  the  trans- 
mitted power,  I  think  this  would  only  be  true  with  a 
"  square  law  "  receiver.  Most  receivers  of  course, 
including  the  crystal  detector,  do  follow  the  square 
law.  I  should  like  to  put  forward  a  possible  explanation 
of  the  effect  of  the  small  var^-ing  oscillation  in  improving 
speech.  If  a  small  oscillation  takes  place  in  the  grid 
circuit  it  would  tend  to  stir  up  the  electrons  in  the 
filament  and  so  prepare  it  for  action,  that  is,  the  electrons 
inside  the  filament  are  driven  out  of  it,  and  get  to  work 
more  quickly  than  if  the}-  have  first  to  be  driven  out  of 
the  filament  by  the  oscillations  due  to  speech. 

Lieutenant  T.  L.  Eckersley  :  There  are  one  or  two 
points  in  connection  with  the  circuit  on  page  561  which 
it  may  be  of  interest  to  mention.  The  circuit  depends 
for  its  action  on  the  fact  that  we  have  got  the  oscillation 
in  the  aerial  at  the  right  frequency  to  give  a  node  at 
the  position  X.  The  oscillating  part  of  the  circuit, 
that  is  to  say  the  aerial  and  the  divided  earth  system, 
is  a  system  of  two-degree  freedom,  and  it  is  not  altogether 
obvious  which  of  these  oscillations  will  occur  in  any 
given  case,  that  is  to  say  whether  it  is  the  oscillation  we 
require.  If  I  draw  the  diagram  as  the  author  has  drawn 
it  in  bridge  form  (see  Fig.  gb),  the  branch  L,  C, 
representing  the  receiver,  L„  Ca  the  aerial,  and  L,  Q 
the  extra  circuit  ;  there  are  two  possible  oscillations 
if  these  two  circuits  are  identical,  one  in  which  X  is 
node  and  the  current  goes  all  the  wa^'  round,  leaving 
out  the  receiver,  and  the  second  in  which  the  current 
flows  through  the  receiver  circuit  and  is  divided  equally 
between  the  other  two  arms  of  the  bridge.  It  is  not 
altogether  obvious  why  the  circuit  should  oscillate  in 
the  particular  manner  which  is  required  by  the  author's 
theory.  What  determines  which  of  the  oscillations  shall 
occur  is  the  damping  of  the  oscillations  in  these  two 
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circuits.  That  seems  to  me  to  be  a  point  to  guard 
against  in  using  a  receiver  in  this  way.  If  we  insert 
a  reaction-type  receiver  which  reduces  the  resistance 
of  the  branch  L,C,  almost  to  zero,  very  likely  we  should 
reduce  the  resistance  in  this  circuit  to  less  than  the 
resistance  of  the  circuit  all  round,  and  we  get  laxge 
oscillations  in  our  receiver  circuit  which  will  spoil 
speech  entirely.  That  seems  to  me  to  place  us  rather 
at  the  mercy  of  the  receiver,  and  it  is  a  point  which  has 
to  be  guarded  against. 

Wing-Commander  Warrington-Morris  :  I  wish 
to  congratulate  the  author  on  the  work  he  has  done  for 
the  Royal  Air  Force  in  the  past  and  also  on  his  paper. 
Everyone  is  agreed  that  true  two-way  telephony  is 
essential  for  future  progress,  though  there  are  occasions 
when  it  is  an  advantage  for  pilots  not  to  be  able  to 
receive  messages  from  the  ground.  The  elimination  of 
the  carrier  wave  marks  a  very  important  advance,  and 
the  prevention  of  oscillations  in  the  transmitting  circuit 
due  to  aircraft  noises  should  be  overcome  without  much 
difficulty. 

Captain  H.  J.  Round  :  It  is  difficult  to  pick  on  any 
one  of  the  many  subjects  which  are  opened  up  for 
discussion  by  this  paper.  With  regard  to  quiescent 
aerial  systems,  one  form  of  which  is  an  oscillating 
system  without  initial  high  tension  in  the  anode  circuit, 
the  author  mentions  that  the  speech  is  bad  and  that  it 
is  better  if  an  independent  oscillator  is  used.  Rather 
an  interesting  experiment  can  be  made  with  tonic  train 
which  illustrates  to  some  extent  what  is  happening  in 
the  quiescent  aerial  system.  If  one  transmits  with  a 
tonic  train,  using  only  the  positive  half  waves  of  the 
alternating  current  (at  something  like  loo  periods), 
and  employs  at  the  receiving  end  a  heterodyne  receiver, 
the  result  is  usually  a  very  bad  scratchy  sound.  As 
soon  as  two  rectifiers  are  put  in,  so  that  the  negative 
half  of  the  wave  is  reversed,  and  pulsating  direct  current 
of  double  the  frequency  is  obtained,  the  result  in  the 
heterodyne  receiver  is  a  musical  note,  although  the 
tone  is  a  compound  one.  The  reason  for  the  difference 
is,  that  in  the  first  case  each  half  wave  starts  up  a  fresh 
series  of  oscillations  of  the  right  frequency,  but  the 
phase  relation  of  any  one  series  bears  no  relation  to 
that  of  the  next.  The  effect  is  something  like  that 
in  a  series  of  spark  trains  produced  by  a  spark  transmitter. 
The  double  half  wave  is  supplying  the  high  tension  to 
the  valve  all  the  time,  and  although  it  goes  to  zero,  the 
time  that  it  remains  at  that  value  is  so  short  that 
the  aerial  never  stops  oscillating  and  consequently  the 
phase  remains  the  same  all  through  a  dot  or  dash. 
As  soon  as  the  high  tension  is  connected  to  a  valve 
and  reaction  circuit,  the  circuit  is  in  an  unstable  state 
like  a  rod  balanced  on  its  end.  Some  small  force,  no 
matter  how  small,  is  necessary  to  destroy  the  equili- 
brium, and  the  rate  of  growth  of  the  current  is  at  first 
very  small  if  the  disturbing  force  is  small.  If,  however, 
definite  weak  oscillations  are  applied  to  the  system,  the 
growth  of  current  will  always  be  the  same  for  the  same 
force.  The  weak  oscillations  act  in  a  way  as  though 
they  were  jogging  the  memory  of  the  unstable  circuit. 
Of  course  one  can  also  consider  the  unstable  condition 
as  a  series  of  magnifications  and  feed  backs  gradually 
growing.     I   think  the  most  interesting  subject  which 


has  been  brought  up  to-night  is  that  of  the  "  crusader 
and  his  children."  We  have  had  very  many  discussions 
on  the  question  whether  an  arrangement  in  which  the 
carrier  wave  is  removed  will  produce  good  speech. 
The  advantage  of  working  without  a  carrier  wave  is 
very  great.  The  wireless  telephone  set  used  at  present 
has  a  sensitiveness  very  much  below  that  of  a  continuous- 
wave  transmitter.  If  the  radius  of  reception  of  a  tele- 
phone set  is  1,000  miles,  then  the  radius  with  continuous 
waves  would  be  double  this  distance.  The  removal  of 
the  carrier  wave  is  really  an  attempt  to  bring  the 
wireless  telephone  up  to  the  heterodyne  sensitiveness  of 
continuous-wave  telegraphy,  and  if  this  could  be  done 
the  telephone  would  probably  be  of  much  greater 
service.  Of  course  there  is  the  difficulty  in  the  way 
that  on  long  waves,  of  say  14,000  metres,  we  are 
spreading  over  rather  a  large  spectrum,  and  I  do  not 
think  any  International  Convention  would  permit 
wireless  telephony  on  such  wave-lengths.  If,  however, 
the  carrier  wave  can  be  removed  and  we  can  receive 
on  a  heterodyne  receiver,  the  distance  we  could  get 
would  be  very  great  even  on  the  shorter  waves.  Then 
the  question  occurs  :  could  we  possibly  supply  a  homo- 
dyne  or  heterodyne  at  the  receiving  end  to  replace 
the  lost  carrier  wave  ?  I  have  recently  had  some 
experiments  carried  out  with  the  object  of  seeing  what 
would  happen  with  such  a  system.  The  result  was 
understandable  speech,  but  it  was  not  what  could  be 
called  good  speech.  It  turned  out,  however,  that  to 
do  the  experiment  really  well,  extreme  care  had  to  be 
taken,  and  we  are  going  to  try  the  experiment  again 
to  see  if  it  will  work  better  under  improved  conditions. 
One  interesting  point  in  connection  with  the  question 
of  the  removal  of  the  carrier  wave  is,  that  when  one 
goes  further  and  thinks  of  the  old  spark  telegraphy, 
could  we  have  removed  the  carrier  wave  in  that  case  and, 
using  the  heterodyne,  obtained  the  same  results  as  in 
spark  work  ?  Possibly  the  non-periodic  nature  of  a  spark 
train  would  introduce  difficulties.  Perhaps  we  could  take 
the  whole  thing  still  further,  apply  it  to  Morse  telegraphy 
and  remove  the  carrier  wave  of  the  Morse.  All  this 
points  to  possibilities  in  the  future  for  the  saving  of 
transmitting  energy.  My  present  interest  is  in  duplex 
telephony  on  land,  using  separate  transmitting  and 
receiving  stations  at  each  end.  In  this  connection, 
when  using  valve  transmitters  I  was  very  surprised  how 
close  one  could  bring  the  receiving  station  to  the  trans- 
mitting station.  The  transmitting  stations  are  of  rather 
small  power,  the  actual  radiation  from  one  station  being 
only  40  watts,  which  amount  is,  however,  very  con- 
siderable for  a  small  station.  At  Chelmsford,  which  is 
one  end  of  the  system,  the  transmitting  and  receiving 
stations  are  100  yards  apart.  The  wave-lengths  used 
are  about  no  metres,  with  a  difference  of  only  3  metres 
between  the  wave-lengths  of  the  two  transmitting 
stations.  With  a  simple  tuning  circuit  consisting  of 
three  circuits  in  series,  and  using  practically  no  directional 
system  at  all,  the  signals  from  the  nearby  transmitter 
are  entirely  eliminated.  That  is  with  a  difference  in 
wave-length  of  only  3  per  cent,  and  everything  indicates 
that  if  directional  properties  are  used  the  two  stations 
could  be  brought  closer  still.  The  distance  being 
worked  over  is   20  miles  overland,   and  very  sensitive 
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amplifiers  are  being  employed  which  give  a  voltage 
magnification  of  at  least  500. 

Dr.  'W.  H.  Eccles  :  The  paper  deals  with  a  great 
variety  of  topics,  and  it  is  valuable  not  only  because 
it  classifies  practically  all  the  methods  that  have  been 
found  of  use  in  duplex  wireless,  but  because  it  gives  a 
considered  opinion  as  to  the  feasibility  and  usefulness 
of  each  of  them.  According  to  rumour  the  next 
problem  is  wireless  telephony  on  the  grand  scale,  so 
as  to  eliminate  Morse  transmission  and  circumvent 
in  large  measure  the  difficulties  due  to  strays.  The 
present  paper  is  limited  to  aircraft  apparatus,  but 
I  hope  that  those  working  upon  telephony  will  also 
consider  land  and  sea  stations,  and  not  leave  the  work 
in  its  present  stage,  although  very  much  indeed  has 
been  done. 

Mr.  H.  M.  Do'vvsett  {communicated)  :  It  was  some- 
what surprising  to  hear  the  suggestion  put  forward 
during  the  discussion  that  the  lag  of  i '300th  second 
mentioned  by  the  author  might  be  attributed  to  the 
valve.  I  do  not  think  this  is  implied  in  the  paper. 
The  self-capacity  effect  of  a  valve  may  cause  a  lag  of 
the  order  of  io~7  second.  Also  Major  Whiddington  has 
demonstrated  that  hard  valves  from  considerations  cf 
electronic  mobility  may  have  natural  frequencies  of  the 
order  of  10*,  and  soft  valves  may  have  an  atomic 
mobility  giving  them  natural  frequencies  as  low  as  ic'. 
Any  one  of  these  figures  would  of  course  be  affected  by 
the  time  taken  for  the  valve  to  build  up  its  oscillations 
to  the  steady  state,  and  if  we  assume  this  takes  place 
in  not  less  than  10  oscillations,  the  maximum  lag  possible 
for  a  soft  valve  containing  mercury  vapour  is  not  likely 
to  have  a  greater  order  than  io~-«  second,  so  that  any 
lag  greater  than  this  value  must  be  attributable  to  the 
valve  circuits  and  not  to  the  valve  itself.  In  the  high- 
frequency  circuits  employed  by  the  author,  the  frequency 
was  probably  of  the  order  of  10*,  and  this  and  the 
building  up  of  the  oscillations  would  only  account  for 
an  initial  time  lag  of  10  '  second  But  the  modulating 
circuit  includes  a  transformer  and  condenser  and  will 
have  a  very  much  slower  period.  The  condenser  C 
(Fig.  i)  is  charged  at  a  rate  determined  by  the  oscillation 
period  of  the  circuit  T  C,  and  in  Fig.  2  the  rate  will  be 
further  reduced  by  the  lag  in  the  transformer  T„.  We 
can  thus  account  for  an  initial  lag  of  say  1  1,000th  second. 
But  it  has  been  shown  that  a  definite  threshold  potential 
is  necessary  to  start  valve  oscillations,  and  we  have  now 
to  assume  that  the  initial  potential  oscillation  applied 
through  the  transformer  to  C  does  not  reach  this  required 
value,  and  that  several  swings  of  potential  on  C  take 
place  before  it  does.  If  it  takes  three  such  swings  to 
build  up,  then  a  total  lag  of  i /300th  second  would  be 
accounted  for. 

Captain  P.  P.  Eckersley  {in  reply,  communicated)  : 
One  of  the  most  interesting  points  raised  during  the 
discussion  concerned  the  action  of  the  truly  quiescent 
aerial  transmitter.  The  chief  difficulty  lies  in  explain- 
ing why  the  augmented  oscillation  transmitter  gave 
speech  of  so  very  marked  superiority  over  the  truly 
quiescent  aerial  transmitter  :  why,  in  other  words, 
the  existence  of  the  verj-  smallest  permanent  oscillation 
in  the  high-frequency  circuits  gave  good  speech  while 
systems    where    the    oscillations    were    wholly    voice- 


created  ga\e  noises  that  were  hardly  recognizable  as 
speech  at  all. 

There  are  now  three  definite  theories  to  explain  this. 
First,  in  their  order  of  promulgation,  there  is  the 
lag  theory'.  We  have  the  evidence  of  direct  measure- 
ment to  show  that  a  lag  exists  and  it  is  certain  that 
this  must  mihtate  against  the  faithful  reproduction  of 
the  low-frequency  energy  variations  as  high-frequency 
currents,  but  it  is  not  estabhshed  why  such  an  effect 
should  be  more  pronounced  with  a  truly  quiescent 
system  than  with  the  augmented  oscillation  sN-stem. 
The  only  possible  theon,'  is  that  the  lag  is  variable 
with  the  intensity  of  the  applied  impulse  for  trul)- 
quicscent  systems,  whereas  the  permanent  oscillation 
keeps  the  lag  more  constant.  The  whole  theory-  is 
weak  and  cannot  explain  all  the  obser\-ed  facts  although 
the  lag  has,  without  a  doubt,  some  influence  on  the 
speech  quality. 

Mr.  Dowsett  in  his  remarks  points  out  that  the  lag 
effect  is  not  bound  up  with  the  valve  itself  but  with 
the  circuits  external  to  it.  This  was  reahzed  and  it 
is  definitely  stated  in  the  paper,  but  Mr.  Dowsett  has 
clearl}-  shown  in  detail  why  the  valve  cannot  be  respon- 
sible for  any  appreciable  lag.  I  do  not  think  any 
special  precautions  therefore  need  be  taken  with  the 
valve  itself  in  stimulating  its  emission  as  Professor 
Marchant  suggests. 

The  second  theorj-,  advanced  by  Professor  Fortescue, 
seeks  to  explain  the  effects  in  terms  of  the  spurious 
harmonics  introduced  by  the  inevitable  use  of  only 
half  the  speech  wave-form.  Such  spurious  harmonics 
must  indubitably  exist,  but  I  think  Professor  Fortescne's 
theorj-  fails  quantitatively,  inasmuch  as  the  magnitude 
of  the  small  oscillation  necessary-  for  good  speech  need 
be  only  i  i. 000th  of  the  voice-produced  high-frequency 
currents.  If  Professor  Fortescue's  diagrams  are  re- 
drawn to  such  a  scale  it  will  be  seen  that  the  quiescent 
system  and  the  augmented  oscillation  systems  differ 
little  in  their  characteristics.  The  small  "  rounding 
ofi  "  produced  by  so  small  an  oscillation  would  surely 
not  be  effective  in  producing  so  noticeable  a  change 
in  the  emitted  disturbance. 

Captain  Round's  theory  is  far  more  suggestive  than 
either  of  the  foregoing.  He  shows  that  while  using  a 
truly  quiescent  transmitter  of  the  type  shown  in  Fig.  2 
there  is  no  assurance  that  the  successive  phases  due 
to  each  succeeding  high-tension  pulse  shall  follow  on 
in  a  definite  order.  Captain  Round  cites  as  a  parallel 
example  the  case  of  heterodyning  the  high-frequency 
disturbances  emitted  from  an  oscillator  using  single 
or  double  rectification  of  the  alternating  high-tension 
voltages.  In  the  former  case  a  system  is  being  used 
in  which  the  phases  may  obviously  become  jumbled  ; 
in  the  latter  the  oscillations  never  cease  and  so  never 
change  step.  The  result  when  listened  to  on  a  receiver 
gives  in  the  former  case  a  hiss  somewhat  the  same 
as  a  spark  ;  the  latter  gives  a  note.  Thus  one  is  a 
reproduction  of  the  modulating  high-tension  disturb- 
ance, whereas  the  single  rectification  and  hence  the 
quiescent  aerial  system  give  no  such  definite  repro- 
duction. It  will  be  seen  that  the  phase-jumbling 
theory  is  borne  out  by  experiment,  when  it  is  realized 
that  the  excited  grid  system  shown  in  Fig.  5  gave  better 
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speech.  For  in  this  system  a  permanently  oscillating 
circuit  keeps  a  definite  phase  relationship  among  the 
consecutively  emitted  high-frequency  disturbances,  and 
hence  arranges  a  more  faithful  reproduction  of  the 
speech.  Nevertheless,  with  the  excited  grid  system 
when  a  state  of  true  quiesence  is  obtained  the  speech 
is  far  from  excellent,  showing  that  probably  the  lag 
effect  is  coming  in. 

Turning  from  the  problems  of  the  transmitter  to 
the  receiver  it  must  at  once  be  admitted  that  the  cir- 
cuits described  in  the  paper  as  "  protected  receiver 
circuits  "  are  obvious  adaptations  of  well-known  selective 
receiving  circuits.  My  claim  for  originality  must  be 
abandoned  in  the  case  of  the  circuit  given  in  Fig.  6 
and  I  must  thank  Professor  Fortescue  for  pointing 
out  my  error.  The  circuits  are  no  more  than  devices 
for  loose  coupling.  The  method  of  eliminating  the 
forced  oscillations  of  a  different  period  by  using  a 
number  of  loose  coupled  circuits  in  cascade  gives  sur- 
prisingly good  results,  but  is  wholly  unpractical  for 
aeroplane  work.  No  unskilled  operator  could  manipu- 
late it  and  it  is  doubtful  if  anyone  could  do  so  with 
accuracy  while  flying.  The  circuits  described  in  the 
paper  are,  however,  comparatively  easy  to  adjust — an 
absolute  essential  if  the  system  is  to  be  a  success  for 
aerial  work.  Professor  Fortescue  speaks  of  circuits 
such  as  the  one  shown  in  Fig.  6  as  difficult  to  tune, 
but  after  a  little  experience  the  circuit  is  really  simpler 
than  the  Navy  rejector  which  it  is  well  known  is 
a  perfectly  practical  arrangement  in  operation.  Nor 
does  the  circuit  of  Fig.  9  present  great  difficulties  pro- 
vided the  adjustments  are  made  in  an  orderly  routine. 
The  condition  for  the  node  point  to  occur  at  X,  as 
Professor  Howe  points  out,  occurs  directly  L,  Q  is 
brought  into  tune  with  the  aerial  circuit  ;  a  condition 
shown  either  by  a  wave  meter  or,  more  simply,  provided 
the  transmitter  has  only  a  single  degree  of  freedom, 
by  adjusting  the  aerial  current  to  its  maximum.  The 
wording  in  the  paper  describing  the  divided  earth 
circuit  might  be  improved,  but  X  is  certainly  arranged 
to  be  a  node  point  even  though  this  happens  auto- 
matically as  a  consequence  of  the  tuning  adjustment. 
Once  the  proper  adjustment  has  been  obtained  it  is 
remarkable  how  free  from  forced  oscillations  the  path 
L,  C,   (Fig.   9)   becomes. 

Lieutenant  T.  L.  Eckersley  has  pointed  out  that 
there  are  two  degrees  of  freedom  of  the  circuits  of 
Fig.  9  and  that  precautions  must  be  taken  to  make 
the  oscillations  take  up  a  period  corresponding  to  the 
natural  period  of  the  path  L,  C,  in  series  with  the 
aerial  and  not  CaL„,  L,  C,.  This  was  pointed  out  in 
the  paper  and  the  method  to  limit  the  degrees  of  free- 
dom was  to  use  tuned  reaction.  From  the  results 
of  some  preliminary  experiments  this  is  a  sufficient 
precaution,  but  it  must  be  admitted  that  reaction  on 
the  path  l^,C,  was  never  employed,  using  a  tuned 
transmitter  reaction,  although  this  is  quite  possible 
without  trouble  occurring  by  means  of  an  independent 
drive,  i.e.  the  oscillatory  circuits  of  Fig.  5. 

Generally  speaking  then,  it  will  be  seen  that  the 
most  practical  solution  of  the  problems  lies  in  using 
a  two  wave-length  system  and  an  augmented  oscillation 
transmitter.     Major  Prince  has  long  been  an  exponent 


of  the  single  wave-length  system,  being  lured  by  its 
practical  advantages  rather  than  deterred  by  its  elec- 
trical difficulties.  These  difficulties  are  at  present 
almost  insurmountable.  First,  good  speech  must  be 
produced  from  a  quiescent  aerial  transmitter  or,  if  a 
permanent  oscillation  exists  in  the  transmitting  circuits, 
this  must  be  completely  shielded  from  the  receiver 
which  has  to  be  sensitive  to  exactly  the  same  type  of 
disturbance  it  is  desired  to  eliminate.  The  only  possible 
elimination  method  seriously  suggested  is  to  "  back 
off  "  the  detector  valve  until  it  is  again  sensitive  to 
a  change  of  strength  in  the  ever  present  oscillations. 
This  gives  bad  speech  when  the  backed  off  permanent 
oscillations  differ  in  wave-length  from  the  received 
telephony.  If  the  same  wave-length  exactly  was  used 
the  received  speech  might  not  be  distorted,  but  it 
would  require  most  delicate  tuning  to  avoid  heterodyne. 
Apart  from  this,  saturation  devices  and  shielding  must 
be  introduced  to  keep  the  noises  due  to  the  transmitter 
within  bounds,  otherwise  deafening  noises  will  be 
produced  in  the  receiving  telephones  directly  the 
microphone  is  so  much  as  picked  up.  As  Major 
Prince  says,  it  is  merely  a  question  of  magnitude,  but 
the  whole  trouble  is  the  magnitude — the  enormously 
greater  power  of  the  transmitter  compared  with  the 
power  dealt  with  normally  by  the  receiver.  Bearing 
in  mind,  therefore,  that  the  single  wave-length  system 
is  vastly  superior  practically,  we  must  find  our  way 
to  the  ideal  as  always  via  a  series  of  imperfections 
and  try  to  refine  the  two  wave-length  system  for 
immediate  practical  use. 

The  problems  remaining  are  certainly  many  and 
are  far  from  being  solved.  I  once  thought  they  were 
sufficiently  understood  to  try  one  of  the  arrangements 
described  in  the  paper  on  an  aeroplane,  but  luckily 
for  my  optimism  the  machine  met  with  an  accident 
the  day  before  the  test.  Captain  Furnival's  question 
is  therefore  answered  and,  apart  from  fitting  both  a 
balloon  and  an  aeroplane  neither  of  which  got  off  the 
ground  for  a  test,  no  air  work  was  ever  done. 

The  most  acute  problem  is  generator  noise.  It  is 
not  merely  a  question  of  ehminating  a  low-frequency 
disturbance.  The  small  residual  oscillations  not  balanced 
out  from  the  receiving  circuits  act  as  ideal  carriers 
for  the  generator  noise,  and  present  the  disturbance 
in  a  thoroughly  palatable  form  to  the  receiver 
itself. 

As  regards  the  operations  of  microphones  on  aero- 
planes and  airships  and  the  other  incidentals  of  switched 
aircraft  wireless  telephony,  I  would  refer  Professor 
Fortescue  to  Major  Prince's  paper  *  on  the  subject, 
where  it  will  be  seen  that  the  problems  of  aircraft 
telephony  have  been  largely  solved.  The  further 
problem  of  "duplex"  is  largely  unencumbered  by 
such  details  in  the  present  state  of  our  knowledge. 

Fhght-Lieutenant  Leedham  opens  up  an  interesting 
subject  in  speaking  of  fixed  aerials.  The  time,  how- 
ever, is  not  yet  when  we  can  apply  duplex  to  the  arrange- 
ment. When  I  left  the  Services  the  fixed  aerial  had 
never  been  used  for  transmission  at  all.  It  was  merely 
indicated  in  the  paper  that  fixed  aerials  might  lend 
themselves     to    a    two-aerial   two-wave-length   system, 

*  Journal  I.E.E.,  1920,  vol.  58,  p.  377. 
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although  there  would  be  many  shielding  troubles  intro- 
duced due  to  the  short  waves  necessarily  employed. 
For  commercial  work  at  any  rate  the  trailing  wire  is 
the  most  practical  form  of  aerial,  although  I  fully 
sympathize  with  FUght-Lieutenant  Leedham's  desire 
for  fixed  aerials  for  the  fighting  arm  of  the  Services. 

Replying  to  matters  of  detail  in  the  paper,  there 
is  no  subtlety  in  drawing  the  transformers  one  way 
or  another,  one  was  drawn  by  one  draughtsman  and 
another  by  a  second — uniformity  would  be  more  desir- 
able. The  diagram  of  Figs.  4a  and  46  is  sufficiently 
obvious  to  show  the  ratio  of  the  effective  to  the  non- 
effective periods,  but  I  agree  with  Professor  Howe 
that  the  wording  was  unduly  optimistic.  In  using 
the  term  aperiodic  coil  I  was  employing  a  term  very 
generally  in  use  but  it  is  obviously  a  misnomer,  cis 
every  aperiodic  coil  has  a  natural  period  due  to  its 
self-capacity. 

While  thanking  Wing-Commander  Warrington  Morris 
for  his  remarks  I  must  disclaim  any  credit  for  the 
methods  of  transmitting  telephony  without  using  the 
carrier  wave.  A  method  for  doing  this  has  been  patented 
in  America  by  the  General  Electric  Company,  but  the 


theory  of  the  idea  is  well  known.  Later  experiments 
have  convinced  me  that  the  arrangement  does  not  give 
very  good  speech,  but  this  may  be  of  course  due  to 
some  particular  practical  detail  that  has  been  over- 
looked. I  have  introduced  Appendix  2  on  the  theorj- 
of  the  subject  because  it  is  an  interesting  point  about 
quiescent  aerial  transmitters  that  they  can  be  arranged 
to  transmit  without  the  carrier  wave  and  may  need 
a  special  receiver  with  homodyne  to  perfect  the  received 
speech  quality. 

At  the  time  of  writing,  no  really  original  suggestion 
has  been  given  to  help  the  solution  of  the  problem. 
On  the  ground  the  problem  yields  to  more  direct 
methods,  and  Captain  Round  has  already  demon- 
strated with  very  considerable  success  the  system  he 
described  in  the  discussion.  But  such  a  solution  has 
no  value  for  aircraft  duplex  working  where  a  solution 
is  so  badly  needed  commercially.  The  problem  is 
undoubtedly  verj'  acute  and  one  that  may  easily  deter 
us  from  further  plunges,  but  it  may  j-ield  to  detail 
improvement,  the  paper  only  giving  broad  hnes  on 
which  advance  might  be  made  and  particularly  showing 
what  not  to  do. 


572 


DRYSDALE :  THE   ELEVENTH    KELVIN    LECTURE. 


THE   ELEVENTH    KELVIN    LECTURE. 

MODERN    MARINE   PROBLEMS    IN   WAR   AND   PEACE. 

By  C.  V.  Drysdale,  O.B.E.,  D.Sc,  Member. 

(Lecture    dflivered    before    The    Institution,    15    April,    1920.) 


The  Council  of  the  Institution  having  decided  that 
tlie  time  has  now  come  for  the  Kelvin  Lecture  to 
embrace  other  fields  than  those  of  Lord  Kelvin's 
personal  activities,  have  honoured  me  with  an  invita- 
tion to  deal  with  the  scientific  investigations  which 
have  been  carried  out  in  marine  problems  during  and 
after  the  war  under  the  Admiralty  at  its  various 
experimental  stations.  Apart  from  the  interest  and 
importance  of  the  subject  there  is  a  fitness  in  coupling 
it  with  the  name  of  Lord  Kelvin,  who  did  so  much  for 
the  submarine  telegraph  and  for  navigation. 

As  everyone  is  aware  the  late  war  confronted  this 
country  with  problems  of  the  gravest  character  for 
which  it  was  little  prepared,  and  the  submarine  cam- 
paign soon  showed  the  vital  necessity  for  enlisting  the 
highest  scientific  talent  of  the  nation  in  attempting 
to  solve  them.  The  Institution  co-operated  enthusi- 
astically in  these  efforts,  both  by  the  formation  of  its 
Anti-Submarine  Committee,  and  by  the  great  personal 
service  of  many  of  its  members  in  actual  experimental 
work  in  the  Admiralty  stations  and  elsewhere.  For 
this  reason  it  is  specially  fitting  that  such  details  of  the 
scientific  and  experimental  work  as  may  be  made 
public  should  be  brought  before  the  Institution. 

Although  the  problems  of  submarine  detection  and  of 
destructive  or  defensive  measures  have  obviously  been 
of  chief  importance,  the  work  has  naturally  broadened 
its  scope,  and  it  has  been  found  that  the  experience 
and  devices  obtained  have  the  most  valuable  applica- 
tion to  navigational  problems  which  are  now  being 
energetically  dealt  with.  The  work  may  consequently 
be  considered  under  four  chief  heads. 

I.  Detection. 
II.  Defence  and  destruction. 

III.  Navigational  applications. 

IV.  General  scientific  research. 

Before  entering  upon  details,  however,  some  account 
should  be  given  of  the  inception  and  development  of 
the  work. 

Before  the  war,  as  is  generally  known,  a  large  amount 
of  valuable  scientific  work  notably  as  regards  radio- 
telegraphy  and  torpedo  research  and  development  was 
carried  on  for  the  Navy  at  Portsmouth  under  H.M.S. 
"  Vernon  "  and  on  the  outbreak  of  the  war  this  work  was 
greatly  extended,  by  the  aid  of  a  number  of  scientific 
men  who  joined  the  service,  and  by  the  opening  of  the 
Mining  School  at  Portsmouth.  The  work  of  these 
establishments  does  not  come  within  the  lecturer's 
province  to  describe,  and  is  naturally  of  a  secret  character, 
but  it  has  been  of  the  highest  importance  to  the  nation. 


During  the  first  year  of  the  war  the  Government 
appointed  the  Board  of  Invention  and  Research,  a 
body  of  prominent  scientists  and  technical  experts 
whose  task  it  was  to  deal  with  the  flood  of  inventions 
and  suggestions  which  poured  in  from  all  parts  of  the 
country.  The  President  was  Lord  Fisher.  The  Board 
was  sub-divided  into  various  sub-committees,  of  which 
Section  II  under  the  chairmanship  of  the  Duke  of 
Buccleuch  was  concerned  to  a  considerable  extent, 
though  not  entirely,  with  the  anti-submarine  problem. 
It  comprised  Professors  Bragg  and  Rutherford,  Messrs. 
Duddell  and  Merz,  and  Sir  R  .T.  Glazebrook  ;  Sir  Richard 
Paget  and  Lieut,  the  Hon.  Walter  J.  James  acting  as 
secretaries.  After  inquiring  into  thousands  of  pro- 
posals the  need  was  felt  by  this  Section  of  some  means 
of  putting  the  more  promising  of  these  to  some  practical 
test.  In  November  1915,  two  physicists  were  sent 
to  the  Hawkcraig  Hydrophone  Station  (Captain — then 
Commander — Ryan)  to  work  under  the  direction 
principally  of  Sir  E.  Rutherford. 

In  May  1916  the  stafi  was  increased  to  five  and 
Professor  (now  Sir  W.  H.)  Bragg  went  to  Hawkcraig 
as  Resident  Director  of  Research. 

The  need  of  further  expansion  being  quickly  felt  it 
was  decided  to  establish  an  independent  station,  and 
in  January  191 7  Professor  Bragg  moved  with  his  staft 
to  Parkeston  Quay,  Harwich.  The  choice  of  locality 
was  decided  by  the  fact  that  Parkeston  Quay  was  an 
important  submarine  base  at  which  the  scientific  staff 
could  come  into  intimate  contact  with  submarines 
and  their  problems. 

With  the  growth  of  the  submarine  menace  there 
occurred  a  process  of  steady  expansion.  At  the  same 
time  other  stations  primarily  engaged  in  anti-submarine 
work  were  established  under  the  Anti-Submarine 
Department  of  the  Admiralty.  In  January  igi8  the 
Parkeston  Quay  Station  was,  for  administrative  reasons, 
also  transferred  to  the  Anti-Submarine  Department,  the 
Board  of  Inventions  and  Research  reverting  largely 
to  its  initial  task  of  examining  inventions.  At  the 
same  time  Professor  Bragg  went  to  the  Anti-Submarine 
Department  as  Adviser  to  the  Director  of  the  Anti- 
Submarine  Department,  Colonel  Eve  succeeding  him 
as  Resident  Director  at  Parkeston  Quay. 

In  June  1918  a  deep-water  substation  was  estab- 
lished at  Dartmouth  and  an  inland  substation  at  the 
King  George's  Reservoir,  Chingford.  The  station  also 
lent  a  considerable  number  of  its  staff  to  various  other 
stations,  both  service  and  experimental. 

At  the  time  of  the  Armistice  the  scientific  staff 
numbered  about  30. 
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The  history  of  the  Parkeston  Quay  Station  has  been 
dealt  with  partly  because  it  was  the  station  with  which 
the  lecturer  has  been  associated  and  partly  because  of 
its  rather  novel  origin.  It  marks  the  commencement 
of  a  new  official  policy — that  of  inviting  the  co-operation 
of  academic  and  technical  experts.  As  has  already 
been  stated,  however,  quite  a  number  of  other  special 
experimental  stations  sprang  up. 

The  Hawkcratg  Station,  already  mentioned,  did  the 
pioneer  work  in  hydrophones  and,  in  addition  to  training 
hydrophone  operators,  made  important  contributions 
to  listening  devices  d\iring  the  war  under  the  director- 
ship of  Captain   Ryan. 

The  Wemvss  Bay  Station  originated  as  an  offshoot 
from  Parkeston  Quay  in  the  autumn  of  191 7,  but 
became  in  January  1918  an  independent  station  under 
the  Director  of  the  Anti-Submarine  Department. 

The  Portland  Station  originated  in  the  work  of  Mr. 
Nash  (of  the  Western  Electric  Co.)  on  a  towed  hydro- 
phone of  his  invention.  Its  chief  work  lay  principally 
though  not  entirely  in  the  development  of  this  hydro- 
phone and  the  training  of  operators. 

The  Lancashire  Anti-Submarine  Committee  was  a 
body  of  voluntary  workers  (including  Mr.  Redfern, 
Professor  Marchant.  Professor  Miles  Walker,  Dr.  Beatty, 
and  Mr.  H.  C.  Beaver)  whose  work  consisted  largely 
in  experimenting  on  devices  originated  by  its  members. 

The  Shandon  Experimental  Station  was  established  on 
the  Gareloch  in  the  middle  of  1918  by  the  Clyde  Anti- 
Submarine  Committee,  a  body  of  Glasgow  shipbuilders 
and  other  technical  experts  (Chairman,  Mr.  Gardiner). 
Mr.  A.  B.  Field  acted  as  Director.  The  facilities  of  the 
station  were  shared  by  the  Lancashire  Anti-Sufimarine 
Committee.  Much  excellent  work  was  originated,  but 
was  too  late  to  reach  a  service  stage  before  the 
Armistice. 

In  addition  to  those  who  acted  on  the  Board  of 
Invention  and  Research  or  worked  (in  many  cases 
voluntarily)  at  the  various  stations,  a  large  number  of 
men  of  scientific  or  technical  eminence  placed  them- 
selves at  the  disposal  of  the  Board  of  the  various 
committees. 

During  the  latter  part  of  the  war  there  existed  an 
efficient  mobilization  of  the  scientific  talent  of  the 
nation  unique  in  the  history  of  this  country,  and  rapid 
advances  were  being  made.  Had  this  scientific  force 
got  into  its  stride  in  the  earl)'  days,  the  history  of 
the  anti-submarine  war  at  least  might  have  been  very 
different.  Unfortunately  such  mobihzation,  like  the 
military  mobihzation,  required  experience  and  much 
valuable  time  was  lost. 

Since  the  Armistice  much  of  the  research  and  funda- 
mental experimental  work  has  been  concentrated  at 
the  Shandon  Experimental  Station,  which  was  taken 
over  by  the  staff  of  Parkeston  Quay  in  March  of  last 
year.  The  situation  of  this  station  on  the  side  of  the 
Gareloch,  which  is  an  almost  enclosed  body  of  sea 
water  about  5  miles  long  by  1  mile  broad  and  averaging 
100  ft.  deep,  is  exceedingly  favourable  for  preliminary 
experimental  work  and  especially  for  research  of  a 
fundamental  scientific  character. 

On  the  return  of  Colonel  Eve  to  McGill  University 
in  April  of  last  year  the  direction  of  the  station  was 
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taken  over  by  Major  J.  H.  \V.  Gill,  R.E.,  and  since 
the  commencement  of  the  present  year  it  has  been  in 
the  hands  of  Captain  Massey,  R.N.,  as  Senior  Naval 
Officer,  the  research  work  being  under  the  author  as 
Scientific  Director. 

Physics  of  the  sea. — It  is  important  at  the  outset  to 
have  a  clear  idea  of  the  nature  of  the  problems  to  be 
faced.  What  we  are  fundamentally  concerned  with  is 
the  generation,  propagation,  and  reception  of  impulses 
or  disturbances  through  the  sea,  which  may  be  either 
mechanical  or  acoustic,  electrical,  magnetic,  electro- 
magnetic, thermal,  optical,  chemical,  or  possibly  radiant 
in  character. 

The  sea,  as  being  a  greatly  extended  medium  of  high 
density  and  elasticity,  affords  e.xcellent  propagation  of 
mechanical  or  acoustic  impulses,  but  its  relatively 
high  conductivity  due  to  its  salinity  offers  a  formidable 
obstacle  to  the  transmission  of  all  electromagnetic  dis- 
turbances, except  those  of  the  lowest  frequency.  At 
the  ordinary  supply  of  frequency  of  50  "vi  per  secord 
about  94  per  cent  of  the  amplitude  is  probably  absorbed 
in  100  metres.  Optical,  thermal  and  other  forms  of 
radiation  are  rapidly  absorbed  by  it,  and  chemical 
action  is  obviously  local  and  rapidly  diffused,  so  that 
the  problem  of  detecting  the  presence  of  a  noiseless 
submerged  body  is  of  a  most  difficult  character. 

Unfortunately  the  difficulty  is  greatly  enhanced  by 
the  existence  of  disturbances  which  may  easily  mask 
the  impulses  it  is  desired  to  detect.  As  we  are  mostly 
concerned  with  objects  within  a  few  hundred  feet  of 
the  surface,  the  reflections  which  take  place  owing  to 
the  great  difference  in  the  mechanical  and  electrical 
properties  of  the  sea  and  the  air  are  frequently  very 
serious,  and  give  rise  to  embarrassing  interference 
phenomena,  which  are  further  comphcated  by  surface 
waves  ;  and  the  same  trouble  is  produced  to  a  lesser 
extent  by  reflections  from  the  bottom  or  from  rocks  in 
shallow  water.  Added  to  these  disturbances  are  water 
noises  caused  by  the  waves  and  by  the  motion  of  an 
observing  ship,  or  the  noises  caused  by  its  machinery 
of  propulsion,  etc.,  as  well  as  "  earth  currents  "  and 
magnetic  storms. 

In  consequence  of  these  disturbances,  it  is  of  little 
avail  to  attempt  to  overcome  the  limitations  imposed 
by  weakness  of  the  source  or  by  absorption  in  trans- 
mission, by  increasing  the  sensitiveness  of  the  observing 
device.  Almost  all  our  energies  have  to  be  devoted 
to  the  study  and  ehmination  of  the  disturbances,  or 
to  methods  of  discriminating  betw-een  the  source  and 
the  disturbances.  In  the  latter  respect  acoustic  methods 
have  a  great  advantage,  as  the  human  ear  is  very  sensi- 
tive to  variations  in  quality  as  well  as  in  intensity  of 
tone,  but  unfortunately  this  power  of  discrimination 
often  fails  just  where  it  is  most  needed,  as  the  sounds 
sought  for  are  frequently  hardly  to  be  distinguished 
from  water  noises. 

Even  assuming  the  problem  of  detection  to  be  over- 
come, it  is  of  little  value  unless  the  direction  of  the 
source  can  be  obtained,  and  if  possible  its  range.  This 
introduces  a  new  set  of  difficulties  in  which  reflection, 
refraction  and  absorption  play  an  important  part. 
To  take  only  one  instance,  the  lines  of  magnetic  force 
surrounding  a  submarine  cable  carrying  an  alternating 
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current,  which  according  to  the  ordinary  textbooks 
should  be  in  circles  around  the  cable,  are  so  distorted 
by  the  "  skin  effect  "  in  the  conducting  water  and  by 
refraction  at  its  surface  that  at  a  moderate  range  from 
the  cable  they  are  actually  horizontal  instead  of  vertical, 
showing  the  futihty  of  relying  on  them  for  direction. 
This  will  be  dealt  with  more  fully  later,  but  enough 
has  been  said  to  show  that  a  new  chapter  in  science 
has  to  be  written  on  "  The  Physics  of  the  Sea,"  and  that 
we  have  to  go  to  school  again  and  imagine  ourselves 
living  in  a  conducting  or  semi-conducting  lamina  which 
is  almost  opaque  to  the  majority  of  disturbances,  acting 
on  electro-magnetic  waves  as  tar  does  to  ripples,  so  that 
they  are  absorbed  in  a  few  wave-lengths. 

We  may  now  turn  to  a  consideration  of  the  technical 
problems  and  results,  although  it  is  to  be  regretted  that 
many  of  the  most  interesting  and  effective  devices  can- 
not be  described  for  obvious  reasons. 

I.  DETECTION. 

It  would  take  a  large  volume  to  describe  the  various 
schemes  which  have  been  proposed  and  experimented 
with  for  this  subject.  Perhaps  the  best  way  of  intro- 
ducing the  subject  is  to  consider  all  the  physical  and 
chemical  disturbances  which  could  possibly  be  associ- 
ated with  a  vessel — mechanical,  acoustic,  electrical, 
magnetic,  etc.,  and  the  fundamental  means  of  employing 
them.  As  regards  the  application  of  the  disturbances, 
we  may  broadly  distinguish  between  two  methods  : 

(A)  Those  in   which  the   disturbance   is   emitted   by 

the  vessel  to  be  detected  ; 

(B)  Those  in  which  it  is  emitted   by  the  observing 

station  or  a  separate  source,  and  is  reflected  or 
intercepted  by  the  vessel  to  be  detected. 

We  may  distinguish  these  methods  by  the  terms, 
direct  or  homo-dynamic,  and  reaction  or  hetero- 
dynamic,  respectively.  The  distinction  is  the  same 
as  between  a  source  of  light  like  a  star  or  lamp  and  a 
body  which  is  seen  by  reflection  or  by  the  shadow  it 
casts. 

We  ma}'  further  subdi\'ide  the  latter  or  hetero- 
dynamic  method  into  three  classes  : 

(a)  Simple  reflection  methods  in  which  the  object 
is  detected  in  the  presence  of  the  primary  im- 
pulse, e.g.  ordinary  vision. 

(6)  Echo  :iiethods  in  which  the  primary  impulse  is 
interrupted  during  the  reception  of  the  reflected 
disturbance. 

(c)  Shadow  methods  in  which  the  impulse  is  inter- 
cepted by  the  object  to  be  detected. 

This  simple  classification,  although  apparently  some- 
what academic,  is  of  the  utmost  value  in  guiding 
research.  The  bulk  of  phvsical  disturbances  diminish 
in  intensity  according  to  the  square  or  cube  of  the 
distance  from  the  source,  as  well  as  by  absorption,  which 
may  in  many  cases  be  very  rapid.  If  the  disturbance 
emanates  from  the  vessel  to  be  detected,  it  diminishes 
in  this  manner,  but  if  it  emanates  from  the  observing 
station  and  is  reflected  from  a  small  object  such  as  a  ship, 
both  the  emitted  and  reflected  disturbances  are  similarly 


dissipated  and  absorbed,  so  that  the  effect  received 
diminishes  as  the  fourth  to  sixth  power  of  the  distance, 
and  the  absorption  is  squared.  On  this  account  hetero- 
dynamic  methods,  although  they  may  deal  with  much 
larger  initial  disturbances,  have  very  little  chance 
of  being  effective  in  comparison  with  homodynamic 
methods,  unless  the  emitted  energy  can  be  concentrated 
into  a  nearly  parallel  beam.  Anyone  who  considers 
how  little  can  be  seen  with  the  strongest  arc  lamp  if 
it  is  not  enclosed  in  a  projector,  will  realize  the  impor- 
tance of  this  point,  but  in  the  early  days  of  detection 
experiments  all  sorts  of  suggestions  for  detection  by 
inductance  bridges,  even  with  wireless  frequencies, 
were  put  forward  without  the  smallest  chance  of  success. 
The  figures  given  for  the  absorption  of  electromagnetic 
waves  in  Appendix  3  appear  to  show  that  for  all  fre- 
quencies above  100  ro  per  second  the  attenuation  even 
at  a  range  of  100  metres  is  so  large  as  to  render  all 
detection  almost  hopeless,  while  at  sonic  or  radio 
frequencies  even  direct  transmission  is  very  nainute. 
Fortunately,  in  the  majority  of  cases  the  sources  are  not 
very  deep,  so  that  the  waves  soon  escape  into  the  air 
and  can  be  detected  above  the  surface.  For  this 
reason  signalling  even  at  wireless  frequencies  is  not 
impracticable,  but  any  devices  depending  upon  sub- 
marine reflection  or  reaction  cannot  be  expected  to 
give  satisfactorv  results  at  high  frequencies. 

Electrostatic  effects  of  course  cannot  be  looked  for 
in  the  case  of  a  body  immersed  in  a  conducting  medium, 
but  magneto-static  effects  are  not  interfered  with,  as 
the  permeability  of  the  water  is  approximately  unity. 

It  need  hardly  be  stated  that  optical  methods  if  avail- 
able would  be  by  far  the  most  valuable,  as  actual  vision 
is  the  most  conclusive  evidence  both  of  presence  and  of 
direction,  but  although  sea  water  appears  fairly  trans- 
parent in  thin  layers,  its  absorption  is  too  high  to  permit 
of  objects  being  seen  at  any  useful  range,  apart  from 
the  further  difficulty  of  turbidity  which  exists  in  most 
shallow  waters.  In  the  clear  water  of  the  Mediterranean 
Sea  the  limit  of  visibility  according  to  Professor  Bragg 
is  only  about  200  ft.,  and  it  would  not  exceed  probably 
20  ft.  in  our  home  waters.  The  use  of  powerful  illumi- 
nants  also,  even  if  of  much  value,  is  to  be  avoided  as 
giving  too  much  information.  For  these  reasons 
scientific  optical  detection  does  not  appear  to  have 
shown  much  prospect  of  utility,  nor  do  thermal  methods 
appjar  to  have  much  applicability.  A  considerable 
amount  of  heat  must  obviously  be  emitted  from  a 
submarine,  even  when  it  is  at  rest,  but  radiation  is  of 
course  rapidly  absorbed.  In  very  still  water  vertical 
convection  currents  would  rise  from  the  vessel  and  might 
easily  be  detected,  but  in  moving  water  Uke  the  sea 
these  must  quickly  be  dissipated.  Chemical  action 
might  possibly  be  detected  at  moderate  ranges  in  still 
water,  but,  as  with  thermal  effects,  the  moving  water 
renders  any  possibility  of  direct  chemical  detection 
very  remote. 

It  will  be  seen,  therefore,  that  in  spite  of  the  number 
of  phenomena  theoretically  available,  and  the  possibiUty 
of  applying  them  in  various  ways,  the  practical  range  of 
detecting  devices  is  narrowed  down  to  a  compara- 
tively few  phenomena  and  modes  of  application,  and 
it  mav  be  said  that  experience  has  very  closely  confirmed 
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the  conclusions  which  were  drawn  from  the  above 
considerations.  More  accurate  knowledge  of  the  trans- 
mission of  impulses  in  the  sea  may  enable  us  to  design 
our  detecting  devices  more  efficiently,  but  the  general 
lines  on  v.hich  such  development  should  proceed  seem 
fairly  clear. 

Acoustic  Devices. 

The  most  simple  device  for  acoustic  detection  is  the 
elementary  Broca  tube  consisting  of  a  metal  tube  with 
a  diaphragm  at  the  bottom,  which  is  dipped  into  the 
water.  This  device  is  practically  equivalent  to  the 
famihar  one  of  putting  the  ear  to  the  ground  or  to  a  rod 
in  contact  with  it.  Improvements  were  made  by  the 
Americans  in  what  were  called  C  tubes,  in  which  the 
diaphragms  were  replaced  by  rubber  teats.  Shortly 
after,  microphones  were  introduced  and  various  forms 
of  hydrophones  were  devised. 

Fig.  I  shows  three  forms  of  hydrophone  which  have 
proved  of  considerable  service.  In  the  first  of  these, 
marked  A,  a  heavy  circular  metal  case  is  provided  with 
a  diaphragm  on  one  side,  to  the  centre  of  which  is 
.attached    an    ordinary    button    granular    microphone. 


away  from  one  face  of  the  diaphragm  as  in  Fig.  i(c)  the 
sound  is  virtually  shielded  from  that  face,  and  a  single 
maximum  can  be  observed  when  the  other  face  is  turned 
to  the  source.  This  gives  us  a  uni-directional  hydro- 
phone, but  its  directional  properties  are  inferior  to  those 
of  the  unbaffled  bi-directional  instrument  as  the  maxi- 
mum is  not  very  sharp  and  the  minimum  is  also  blurred. 
For  this  reason  the  best  results  are  obtained  by  coupling 
a  uni-directional  and  a  bi-directional  hydrophone  on 
the  same  vertical  axis,  and  to  rotate  them  until  silence 
is  obtained  on  the  latter  combined  Vv'ith  maximum 
intensity  on  the  former  instrument. 

So  far  as  fixed  stations  are  concerned  these  hydro- 
phones fulfil  their  promise  very  satisfactorily,  but  they 
are  practically  useless  for  the  important  case  of  hstening 
from  a  moving  ship,  owing  to  the  water  noises  produced 
by  the  motion.  Very  fair  results  have  been  obtained 
by  enclosing  the  hydrophones  in  a  water-filled  stream- 
line case  attached  to  the  hull  of  the  ship  in  which  the 
hydrophones  can  be  rotated.  But  even  then  the  noise 
of  the  observing  ship's  machinery'  is  a  serious  disturb- 
ance, so  that  listening  can  onl}-  be  done  when  the  engines 
are  stopped,  or  at  least  running  dead  slow. 
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Pni- directional 


This  is  a  fairly  sensitive  and  effective  hj-drophone  and 
has  been  in  continuous  service. 

As  mentioned  above,  the  determination  of  direction 
is  as  important  as  the  actual  detection,  and  Fig.  i{b) 
is  one  of  the  best  forms  of  directional  hydrophone. 
It  consists  of  a  thin  metal  diaphragm  about  4  in. 
diameter  supported  in  a  heavy  lenticular-shaped  ring 
so  that  the  water  is  on  both  sides  of  it.  At  the  centre 
of  this  diaphragm  a  simple  granular  microphone  is 
fixed  in  a  watertight  capsule.  When  the  sound  waves 
strike  the  diaphragm  nearly  normally  the  hydrophone 
has  its  maximum  sensitiveness,  but  when  they  are 
edge  on,  they  act  equally  and  oppositely  on  the  two 
sides  of  the  diaphragm,  so  that  the  effect  is  neutralized 
and  no  sound  is  heard.  The  positions  of  minima  are  very 
sharp  and  well  defined. 

The  variation  of  intensity  is  approximately  repre- 
sented by  the  polar  curve,  which  shows  a  minimum 
when  either  edge  is  towards  the  source.  On  this  account 
this  portable  directional  hydrophone  is  called  bi-direc- 
tional. Its  sensitiveness  is  only  about  one-fourth  of 
that  of  the  non-directional  form,  but  in  spite  of  this  it 
has  proved  of  great  value.  A  similar  arrangement  using 
two  diaphragms  coupled  together  had  previously  been 
employed  by  Mr.  Sykes  and  Professor  Morris,  but  its 
principle  is  the  same. 

By  fitting  one  of  these  bi-directional  hydrophones  with 
what  is  termed  a  "  baffle  "  plate,  supported  a  few  inches 


Towed  listening  devices. — As  listening  under  way  is 
of  prime  importance,  an  immense  amount  of  work  has 
been  done  on  towed  devices,  in  which  microphones 
are  enclosed  in  rigid  or  flexible  stream-line  bodies, 
which  are  towed  behind  the  ship.  Considerable  success 
has  been  obtained  with  some  of  these  devices,  but  a  diffi- 
culty then  arises  as  regards  direction.  In  some  cases 
a  small  directional  hydrophone  can  be  employed  inside 
the  towed  body,  but  it  is  frequently  preferred  to  tow- 
two  or  more  hydrophones  and  to  obtain  directional 
indications  either  by  "  binaural  "  or  "  sunr  and  differ- 
ence "   listening. 

The  binaural  method  developed  largely  in  the  United 
States  depends  upon  the  simple  principle  that  if  sound 
falls  upon  two  receivers  separated  by  a  short  distance, 
it  reaches  them  at  different  times  unless  the  source  is 
in  the  median  plane  between  them.  If  the  two  receivers 
communicate  with  the  two  ears,  the  source  will  appear 
to  be  on  one  side  or  other  ;  but  by  rotating  the  bar 
carrying  the  receivers,  the  source  appears  to  cross  over 
behind  the  observer  from  one  ear  to  the  other,  and  this 
cross-over  occurs  when  the  bar  is  perpendicular  to  the 
direction  of  the  source.  This  method  has  been  found 
of  the  greatest  value  in  the  location  of  aeroplanes  by 
employing  two  trumpets  communicating  by  stetho- 
scope tubes  to  the  observer's  ears,  but  it  has  been  mucli 
less  easy  to  apply  to  hydrophones,  owing  firstly  to  the 
difficulty    of    producing    granular    microphones    which 
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are  identical  in  acoustic  properties,  and  secondly  to  the 
fact  that  it  is  often  impossible  to  rotate  the  coupled 
hydrophones  when  attached  to  a  ship  or  enclosed  in 
towed  bodies.  The  difficulty  is'  enhanced  also  by  the 
fact  that  the  velocity  of  propagation,  and  hence  the 
wave-length  of  a  given  sound,  are  nearly  five  times  as 
great  in  water  as  in  air,  so  that  the  distance  between  the 
hydrophones  must  be  correspondingly  increased. 

If  two  ordinary  microphones  are  fixed  close  together 
so  as  to  be  similarly  affected  by  a  source  of  sound,  and 
are  joined  to  the  primaries  of  two  ordinary  telephone 
induction  coils,  as  in  Fig.  2,  then  if  the  secondaries  of 
these  coils  are  connected  in  series  to  a  pair  of  receivers, 
the  effect  observed  is  either  the  sum  or  the  difference 
of  the  effects  of  the  two  microphones  according  as  the 
secondaries  are  assisting  one  another  or  are  in  opposi- 
tion. If  the  two  microphones  behave  exactly  similarly, 
a  loud  sound  should  be  heard  when  they  are  assisting  ; 
and  no  sound  at  all  should  be  observed  when  they  are 
opposing  ;     but    with   ordinary   carbon    mxrophones   it 


Fig.   2. — "  Sum  and  difference  "   method. 

frequently  happens  that  hardly  any  difference  is  notice- 
able, owing  to  different  phase  relations  in  the  two 
microphones.  By  replacing  the  ordinary  mica  dia- 
phragms by  indiarubber  the  selective  properties  of 
the  microphones  are  much  reduced  and  better  balance 
can  be  obtained.  In  this  way,  and  by  enclosing  the 
microphones  in  rubber  blocks,  fairly  perfect  pairing 
can  be  obtained,  which  is  essential  if  ccrrcct  binaural 
listening  is  required. 

As  above  mentioned,  however,  the  rotation  of  the 
bar  carrying  the  microphone  is  a  troublesome  matter, 
and  to  obviate  this,  various  forms  of  binaural  com- 
pensator have  been  employed  which  enable  directions 
to  be  obtained  without  rotation  of  the  microphones. 
These  compensators  depend  on  the  principle  of  intro- 
ducing variable  lengths  of  air  path  between  the 
receivers  and  the  observer's  ears.  If  the  sound  reaches 
both  microphones  in  the  same  phase,  i.e.  from  a  point 
in  the  median  plane  between  them,  and  each  micro- 
phone is  connected  to  a  receiver  at  the  corresponding 


ear  of  the  observer  there  will  be  binaural  balance  ;  but 
if  the  source  is  on  one  or  other  side  of  this  plane  there 
will  be  a  difference  of  time  between  the  arrival  of  sound 
at  the  two  microphones,  which  can  be  compensated 
by  a  different  length  of  air  path  between  the  receivers 
and  the  ears.  Fig.  3  shows  diagrammatically  a  simple 
form  of  straight  sliding  compensator,  in  which  the 
receivers  are  fixed  at  opposite  ends  of  a  long  straight 
tube,  the  centre  portion  of  which  can  slide  in  the  end 
portions  so  as  to  obtain  the  required  difference  of  path. 
A  more  convenient  form  of  compensator  is  made  by  the 
Automatic  Telephone  Company,  and  is  similar  in 
principle  to  the  original  American  instrument.  Two 
circular  plates  are  arranged  to  revolve  smoothly  over 
one  another,  and  have  grooves  cut  in  their  faces,  forming 
the  air  paths.  The  sound  from  the  receivers  is  intro- 
duced into  these  grooves  and  taken  from  them  to  the 
ear  by  rubber  tubes,  and  by  revolving  one  of  the  discs 
the  length  of  air  path  on  one  side  is  lengthened,  and  on 
the  other  side  shortened,  so  that  by  turning  the  com- 
pensator the  same  effect  is  produced  as  by  rotating  the 
microphones. 

Instead  of  binauralling,  some  observers  prefer  to  work 
directly  on  the  "  sum  and  difference  "  principle  above 


Fig.  3. — Binaural  method  with  rectilinear  compensator. 

described.  If  the  source  is  in  the  median  plane  between 
the  microphones,  and  they  are  properly  paired,  there 
will  be  no  sound  with  the  "  difference  "  connection  ; 
but  if  it  is  to  one  or  other  side  of  this  plane,  there  will 
be  a  certain  amount  of  sound  which  can  be  balanced 
out  either  by  swinging  the  microphone  or  by  introduc- 
ing the  compensator  as  above.  Professor  Spearman  has 
introduced  a  reversing  stopcock  device  for  interchang- 
ing the  stethoscope  listening-tubes  to  the  ears,  which 
increases  the  accuracy  of  binaural  listening. 

I-astly  dealing  with  directional  combinations,  two  or 
more  simple  hydrophones  are  towed  simultaneously  so 
as  to  have  fi.xed  base  lines,  and  the  binaural  or  the 
"  sum  and  difference  "  principle  is  employed  with  them. 
Two  such  hydrophones  can  be  towed  one  behind  the 
other  as  in  Fig.  4  [a),  but  in  that  case  there  will  be  no 
indication  on  which  side  the  source  is  ;  the  time  differ- 
ence is  evidently  the  same  for  any  point  on  a  circle 
surrounding  the  axis,  or  for  the  points  P  and  Q  in  the 
figure.     By     towing     two    hydrophones     abreast    with 
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a  spreader  as  in  (6)  this  ambiguity  disappears,  but 
it  is  then  uncertain  as  to  whether  the  source  is  ahead 
or  astern.  If  three  hydrophones  are  used  as  in  (c) 
this  ambiguity  is  ehminated,  as  binauralhng  can  be 
conducted  on  any  pair.  In  Fig.  4  (d)  we  have  the 
towed  body  devised  by  Messrs.  Redfern  and  Dobie 
of  the  Lancashire  Group  in  which  three  hydrophones 
are  mounted  on  a  board  with  streamed  edges. 

The  above  is  onh'  an  outUne  of  the  immense  amount 
of  work  which  had  been  done  on  towed  Ustening  devices, 
to  say  nothing  of  the  special  cables  which  have  been 
constructed  to  take  the  considerable  strains  involved. 
For  this  purpose  cab-tyred  cables  with  central  steel 
cores  have  been  largely  used,  and  the  various  cable 
manufacturers  have  rendered  great  service  in  their 
design   and  construction. 

Inboard  listening. — Although  the  towed  devices  have 
met  with  a  certain  measure  of  success,  they  are  trouble- 
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Fig.   4. — Towing  schemes  for  hydrophones. 

some  to  handle,  and  the  modern  tendency  is  in  favour 
of  the  development  of  listening  apparatus  for  use  on 
board  ship.  Although  this  is  a  difficult  problem,  on 
account  of  water  and  ship  noises,  there  is  a  valuable 
principle  which  greatly  assists  its  solution.  This  may 
be  called  the  principle  of  acoustic  integration,  apparently 
first  put  forward  by  Professor  A.  W.  Porter,  which  points 
to  the  employment  of  large  fiat  surfaces  for  reception. 
-  Many  important  applications  of  this  principle  have 
been  made  both  in  the  L'nited  States  and  in  this  country, 
and  considerable  success  has  been  obtained  with  the 
devices  based  on  it.  The  chief  objection  to  it  is  that  it 
is  obviously  impracticable  to  swing  a  large  receiver 
on  Vjoard  ship  to  receive  from  various  directions  ;  but 
this  difficulty  has  been  to  a  large  extent  overcome  by 
introducing  a  variable  phase  difference  into  the  micro- 
phone or  other  receivers  attached  to  different  parts  of 
the  diaphragm,  thus  enabling  a  maximum  sensitiveness 


to  be  obtained  for  various  directions  of  the  source. 
Professors  Mason  and  Pierce  have  produced  valuable 
inboard  listening  devices  in  this  way,  and  the  author 
has  devised  a  "  magnaphone  "  or  large  magnetophone 
which  applies  the  principle  in  the  simplest  possible 
manner. 

Before  leaving  this  subject  two  interesting  devices 
employing  an  analogous  principle  may  be  described. 
The  first  of  these  is  the  Walser  gear  invented  by  Lieut. 
Walser  of  the  French  Navy.  Instead  of  using  a  large 
plane  receiving-surface  he  employs  a  pair  of  "  blisters  " 
or  spherical  dilatations  on  the  two  sides  of  the  hull. 
Each  of  these  blisters  is  about  3  ft.  6  in.  diameter  and  is 
provided  with  a  large  number  of  thin  circular  diaphragms, 
so  that  the  arrangement  looks  like  the  compound  eye 
of  an  insect.  When  sound  waves  fall  on  this  blister 
the  vibrations  of  the  diaphragms  are  communicated 
to  the  interior  air  and  come  to  an  approximate  focus 
as  in  the  case  of  a  lens  or  rather  of  a  "  zone  plate."  A 
conical  trumpet  placed  at  this  focus  and  provided  with 


Fig.   5. — Internal  mechanism  of  Walser  gear. 
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a  rubber  tube  and  ear  piece  is  all  that  is  required  for 
listening.  As  the  direction  of  the  source  changes,  the 
position  of  the  focus  revolves  round  the  centre  of 
curvature  of  the  bhster,  and  by  mounting  the  trumpets 
on  suitable  rotating  gear,  the  observer  is  able  to  locate 
the  source  by  first  observing  whether  the  sound  is  louder 
on  the  port  or  starboard  side  and  then  rotating  the 
trumpets  till  a  maximum  is  obtained.  F^ig.  5  shows 
the  internal  mechanism  of  a  Walser  cabin. 

A  second  device  of  great  theoretical  interest  is  the 
hydrogen  or  H  tube  of  Mr.  H.  W.  Hilliar.  The  velocity 
of  sound  in  hydrogen  and  in  water  is  very  nearly  equal. 
If,  therefore,  sound  arrives  at  the  end  of  a  long  tube  at 
practically  the  same  speed  as  it  does  in  the  water  out- 
side, and  if  the  tube  is  turned  towards  the  source,  the 
sound  entering  at  every  part  of  it  reaches  a  receiver 
or  listening  tube  at  the  end  in  the  same  phase.  This 
may  be  called  the  principle  of  longitudinal  integration, 
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as  distinguished  from  that  of  transverse  integration 
previously  described,  and  it  lias  the  advantage  that  the 
whole  of  the  sound  collected  from  the  entire  surface 
of  the  tube  is  concentrated  on-  a  single  receiver.  If 
the  source  is  not  in  line  with  the  axis  of  the  tube  the 
axial  velocities  are  not  the  same,  and  partial  cancella- 
tion results,  so  that  the  device  is  directional.  At 
ordinary  temperatures,  the  velocity  of  sound  in  hydrogen 
is  somewhat  less  than  that  in  water,  but  by  steam  heating 
the  hydrogen  the  velocities  can  be  made  practically 
exactly  equal,  and  the  device  is  found  to  have  fairly 
definite  directional  properties. 

There  can  be  little  doubt  that  there  is  a  great  future 
for  inboard  hstening  devices,  especially  if  improve- 
ments are  made  in  reducing  engine  noises  in  the  ship, 
but  the  great  size  of  the  integrating  devices  renders 
experimental  development  slow.  In  the  meantime 
good  work  has  been  done  in  the  application  of  inboard 
magnetophones  with  devices  for  eliminating  water 
and  other  noises  on  the  interference  principle.     Magneto- 


divides  into  two  paths  in  parallel  before  re-uniting. 
If  the  difference  of  the  two  paths  is  half  a  wave-length 
for  a  particular  frequency,  that  sound  will  be  eliminated, 
and  by  employing  a  number  of  pairs  of  tubes  a  number 
of  frequencies  can  be  blotted  out  while  other  sounds 
can  still  be  heard.  In  this  way  the  disturbances  due 
to  water  noises,  etc.,  may  be  greatly  reduced,  and  the 
frequencies  of  different  sounds  determined. 

An  improved  form  of  this  arrangement  has  been 
devised  by  Mr.  B.  S.  Smith  on  the  lines  of  the  American 
compensator,  the  required  differences  of  path  being 
obtained  by  a  number  of  rotating  discs. 

Echo  methods.— KW  the  devices  so  far  described  are 
for  direct  listening,  i.e.  they  depend  upon  the  sound 
emitted  by  the  submarine.  When  the  latter  is  station- 
ary or  drifting,  however,  they  are  of  course  useless, 
and  acoustic  methods  can  only  be  employed  if  the 
submarine  either  reflects  or  intercepts  sound  from 
another  source.  Reflection  or  echo  methods  are 
naturally  the  more  convenient  as  in  this  case  the  source 
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Fig.    6. — Air-drive  magnetophone. 


phones  are  inferior  to  microphones  in  actual  sensitive- 
ness, but  they  have  the  advantage  over  them  of  having 
no  grating  or  crepitational  noises,  so  that  they  will  stand 
considerable  amplification,  and  they  are  easy  to  pair 
for  binauralling. 

Fig.  6  shows  Mr.  B.  S.  Smith's  form  of  "  air  drive  " 
magnetophone,  which  consists  simply  of  an  ordinary 
Brown  reed  telephone-receiver  mounted  behind  a  dia- 
phragm fixed  on  a  heavy  metal  ring  which  is  attached 
to  the  ship's  side  with  the  intervention  of  a  rubber 
sound-insulating  ring.  The  vibrations  of  the  diaphragm 
are  communicated  to  the  reed  through  the  air  in  the 
interior,  causing  it  to  vibrate  and  to  act  as  a  magneto- 
phone. By  employing  four  or  more  of  these  devices 
at  different  parts  of  the  hull,  approximate  directions 
can  be  determined,  which  can  be  rendered  more  exact 
by  binauralling. 

Burgess  interference  tubes. — A  very  useful  device  in 
connection  with  listening  arrangements  of  every  kind, 
and  which  assists  the  reduction  of  disturbances  with 
non-integrating  hydrophones,  is  that  introduced  b,y  Mr. 
J.  A.  Burgess.  The  sound  from  the  receivers  is  led  into 
an   arrangement  of    tubes   like  a  trombone  so  that  it 


of  sound  can  be  on  the  observing  ship,  and  it  is  obvious 
that  as  the  object  to  be  detected  is  small  compared  with 
any  useful  range  the  source  must  be  of  considerable 
intensity.  A  large  number  of  devices  have  been  con- 
structed for  producing  powerful  sounds  under  water, 
such  as  submarine  bells  and  tappers,  oscillators  operated 
by  alternating  current  of  sonic  frequency,  submarine 
syrens  and  steam  jets.  Among  those  which  may  be 
mentioned  are  the  Wrightson  syren  in  which  a  stream 
of  water  of  about  30  gallons  per  minute  is  employed 
with  a  motor  rotating  a  cup  perforated  with  holes,  as 
in  the  ordinary  syren.  This  is  a  very  powerful  device, 
but  needs  a  rather  large  pump.  The  Fessenden  oscillator 
consists  of  a  diaphragm  which  can  be  attached  to  the 
side  of  a  ship  and  to  which  is  fixed  either  a  soft-iron 
armature  attracted  by  an  electromagnet  excited  by  the 
alternating  current,  or  a  coil  traversed  by  an  alternating 
current  and  moving  in  the  gap  of  a  powerful  electro- 
magnet. 

By  means  of  these  powerful  acoustic  transmitters, 
not  only  is  sound  signalUng  possible  at  long  distances 
but  echoes  have  been  obtained  at  considerable  range. 
For  open  deep-sea  work  they  may  be  of  considerable 
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value,  where  the  object  to  be  detected  is  far  away 
from  other  ships  or  rocks  or  reflecting  surfaces,  but 
for  working  in  shallow  confined  areas  or  in  the  presence 
of  a  large  amount  of  shipping  they  may  lead  to  great 
confusion,  and  it  is  therefore  desirable  to  be  able  to 
concentrate  the  emitted  disturbance  into  a  narrow 
beam  and  to  rotate  it  into  any  direction  required.  As 
has  been  seen,  this  can  be  done  by  the  principle  of  inte- 
gration, and  most  interesting  and  powerful  methods 
of  location  have  been  developed  on  these  lines,  which 
enable  the  direction  and  approximate  range  of  a  sub- 
merged object  to  be  determined  from  a  ship  at  full 
speed. 

High-frequency  acoustic  detection. — This  is  probably 
the  most  powerful  method  of  detection  jet  devised, 
and  arose  out  of  the  "  Titanic  "  disaster  in  iqi2, 
when  Mr.  Lewis  Richardson  took  out  two  patents  for 
detecting  obstacles  by  echo  either  in  air  or  water, 
by  employing  a  beam  of  "  sound  "  of  frequency  from 
5,000  to  100,000  periods  per  second.  Apart  from 
their  special  application  to  submarine  detection, 
these  echo  methods  promise  to  be  of  the  greatest 
value  for  the  detection  of  rocks  and  other  ships 
and  probably  of  icebergs,  and  also  for  sounding 
operations.  Their  application  will  be  referred  to  later. 
The  foregoing  accourft  gives  an  outline  only  of  the 
immense  amount  of  work  which  has  been  done  on 
acoustic  detection.  On  account  of  the  sensitiveness 
of  acoustic  devices  and  the  low  absorption  of  sound 
waves  in  the  sea,  the  development  of  acoustic  methods 
must  always  hold  a  great  place,  and  they  most  cer- 
tainly were  of  great  value  when  they  were  first  brought 
to  service  state.  Had  the  submarine  alwajs  remained 
as  noisy  as  it  was  originally,  no  other  devices  would 
have  been  needed.  The  modern  improvements  in 
submarine  machinery  and  tactics,  however,  have  very 
greatly  reduced  the  possibility  of  detection  by  acoustic 
means.  By  running  slow  on  motors  or  by  drifting  with 
the  tides  and  currents,  submarines  have  been  able  to 
preserve  a  certain  amount  of  mobility  with  almost 
complete  silence,  apart  from  their  ability  to  remain 
stationary'  either  on  the  bottom  or  floating  ;  and  under 
these  circumstances  direct  acoustic  detection  apart 
from  echo  methods  becomes  impossible.  This  does 
not  altogether  detract  from  the  value  of  acoustic 
methods,  however,  as  the  mere  fact  of  the  existence 
of  listening  gear  seriouslv  hampers  the  rapid  movement 
of  submarines  by  forcing  ihem  to  go  almost  dead  slow. 
Acoustic  gear  may  in  this  sense  be  likened  to  a  police 
force  which  may  seriouslv  limit  the  activities  of  criminals 
without  convicting  or  even  detecting  them,  and  in  this 
respect  its  value  must  always  be  recognized.  Never- 
theless it  is  imperative  to  have  other  methods  of  detect- 
-ing  the  silent  submarine,  but  this  is  a  matter  of  the 
greatest  difficulty,  as  indicated  at  the  outset. 

Electrom.\gnetic  Methods. 
These  methods  are  usually  based  on  the  Hughes 
induction  balance,  which  was  seized  on  by  a  number 
of  inventors  as  the  most  attractive  principle  for  detec- 
tion. Unfortunately  this  impression  is  illusory,  as  has 
already  been  indicated  in  the  introduction.  The  method 
is  essentially  heterodynamic,  so  that  we  have  to  deal 


with  the  attenuation  of  the  magnetic  field  from  the 
coils  and  again  with  that  of  the  induced  field  from  the 
object  to  be  detected.  The  magnetic  field  from  a  coil 
of  small  dimensions  compared  with  the  range,  dimin- 
ishes as  the  cube  of  the  distance,  and  the  absorption  due 
to  the  conductivity  of  the  water  is  very  large  at  all  but 
the  lowest  frequencies.  As  the  reaction  due  to  the 
obstacle  also  diminishes  as  the  cube  of  the  distance 
and  is  similarly  affected  by  absorption,  its  reactive 
effect  on  the  coils  diminishes  as  the  sixth  power  of 
the  distance,  and  the  absorption  is  squared,  so  that 
although  the  sensitiveness  may  be  remarkably  great 
when  the  object  is  close  to  the  coils,  it  practically  vanishes 
at  a  very  moderate  range.  From  the  point  of  view  of 
measurement,  a  moderately  high  frequencv  is  desirable, 
in  order  that  the  inductive  effects  should  be  large  in 
comparison  with  the  resistance  of  the  coils  ;  but  absorp- 
tion absolutely  precludes  this.  In  consequence  the 
practical  possibilities  of  this  method  seem  theoretically 
to  be  very  small,  and  all  experience  has  confirmed  this. 

Other  Methods  of  Detection. 

Although  the  above  by  no  means  exhausts  the  Ust 
of  methods  which  have  been  experimented  with  or 
employed,  it  co\-ers  the  bulk  of  useful  and  promising 
de\ices.  Certain  optical  methods  have  been  employed 
with  some  success,  but  do  not  warrant  description. 
Thermal  devices  as  above  mentioned  do  not  seem 
promising. 

In  addition  to  detection  devices  much  valuable  work 
has  been  done  as  regards  secret  signalling  which  may  be 
a  valuable  aid  to  detection,  but  this  cannot  be  gone 
into. 

For  obvious  reasons  nothing  can  be  said  about  the 
tactical  employment  of  these  de\'ices,  which,  however, 
has  engaged  a  considerable  amount  of  attention. 

Since  the  Armistice  this  detectional  work  has  gone 
on  with  unabated  zeal,  but  it  has  been  reahzed  that  a 
greater  knowledge  of  the  scientific  principles  involved 
is  of  prime  importance  for  future  development,  and  this 
will  be  dealt  with  in  the  last  section.  In  view,  however, 
of  the  difficulty  of  the  problem,  the  small  amount  of 
knowledge  available  and  the  exigencies  of  war-time 
work,  the  record  is  one  of  which  our  country  and  our 
Allies  may  well  be  proud. 

II.    DEFENCE    AND    DESTRUCTION. 

Defensive  and  destructive  methods  are  of  no  less 
importance  than  detection,  and  form  a  most  fascinating 
branch  of  the  subject  with  which  the  lecturer  has  more 
especially  been  concerned.  The  bulk  of  the  applications 
to  submarine  mining,  etc.,  must,  however,  be  kept  secret. 

A  most  valuable  device  which  has  become  fairly  well 
known  and  which  has  probably  done  more  for  the 
protection  of  vessels  against  mines  than  all  other 
inventions  put  together  is  the  paravane,  which  was 
invented  by  Commander  C.  D.  Burney,  R.N.  This 
consists  of  a  torpedo -shaped  body  towed  from  the 
vessel  to  be  protected,  and  is  pro\"ided  with  vanes  so 
that  it  keeps  outwards  and  below  the  ship.  \\Tien  the 
towing  cable  meets  the  mooring  rope  of  a  mine  it  forces 
it  away   from  the  ship,   and   the   rope  slips   into  jaws 
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Which  cut  it  through.     Explosive  paravanes  have  also 
been  made  for  protection  against  submarines. 

Apart  from  the  internal  mechanism  of  mines,  there 
are  the  problems  associated  with  laying  them  in  water 
of  different  depths  and  of  their  motion  in  tides  and  cur- 
rents, as  well  as  with  their  destruptive  effect.     These 
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problems  are  of  the  most  intricate  character  and  have 
engaged  a  very  large  amount  of  attention.  One  matter 
which  may  be  referred  to  here  is  the  determination  of 
the  pressures  developed  in  the  water  by  explosive 
charges  of  different  magnitudes.  This  has  been  investi- 
gated by  two  independent  methods. 

In  the  first  of   these,  which  has  been  most  ably  em- 
ployed by  Mr.  H.  W.  Hilliar,  the  pressure  is  measured 
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Fig.  8.^ — Time-pressure  curve  for  500  lb.  gunpowder  chargp. 

by  the  compression  of  small  copper  gauges  similar  to 
those  used  in  ordnance  trials.  A  number  of  these 
gauges  are  enclosed  in  cylindrical  holes  in  steel  blocks, 
with  steel  plungers  of  different  lengths.  When  the 
explosion  wave  reaches  the  block,  the  steel  plungers 
are  driven  in  and  compress  the  gauges,  but  the  time  for 
the  plunger  to  reach  the  block  depends  on  its  mass  and 
length   of  travel   and   hence   the   variation   of  pressure 


with  time  can  be  determined.  Fig.  7*  shows  one  of  these 
time-pressure  curves  taken  at  a  distance  from  a  1,900  lb. 
amatol  charge  at  a  distance  of  92^  ft.  and  at  a  depth 
of  64  ft.,  the  gauges  being  50  ft.  below  the  surface.  Thie 
pressure  rises  to  nearly  a  ton  per  square  inch  in  about 
10, 000th  of  a  second  and  falls  to  about  a  tenth  of  this 
value  in  0-004  second.  With  a  gunpowder  charge 
(Fig.  8)  the  rise  of  pressure  is  much  slower  and  it  is 
longer  maintained,  though  of  much  smaller  intensity. 

It  has  been  found  from  these  experiments  that  these 
high-pressure  explosion  waves  travel  with  the  same 
velocity  as  sound  in  the  water  (about  4,900  ft.  pel 
second),  that  the  explosive  charge  required  to  produce 
a   given   pressure   is   proportional   to   the   cube   of   the 


Fig.   9. — Pie?o-electric  phenomenon. 

distance,  and  that  the  pressure  is  sustained  for  a  time 
proportional  to  the  distance. 

The  second  method  of  making  such  investigations 
is  of  a  most  interesting  scientific  character,  and  gives 
a  continuous  record  of  the  variation  of  pressure.  It 
was  suggested  by  Professor  Sir  J.  J.  Thomson  and 
developed  by  Mr.  D.  A.  Keys  at  Shandon,  and  depends 
on  the  piezo-electric  phenomenon  so  fully  studied  by 
the  late  Professor  Curie.  If  a  crystal  such  as  quartz 
or  tourmaline  is  subjected  to  pressure  along  its  optic 
axis  (Fig.  9)  it  becomes  electrically  charged  on  its 
surfaces,  and  as  the  elasticity  of  such  crystals  is  very 
high  "this  charge  is  developed  practically  instantaneously, 
and  is  proportional  to  the  total  force  on  the  crystal 
independently  of  its  dimensions.  By  mounting  plates 
of  quartz  or  tourmaline  in  contact  with  a  rigid  metal 
backing  and  facing  them  with  an  insulated  tinfoil 
sheet,   the  charge  developed  can  be  communicated  to 
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an  electrometer  so  that  the  arrangement  makes  a  very 
convenient  pressure  indicator. 

For  the  purpose  of  recording  very  rapidly-varying 
pressures  a  cathode-ray  oscillograph  is  used.  The  form 
hitherto  employed  was  lent  by  the  Cavendish  Laboratory 
and  is  shown  in  Fig.  10.     A  stream  of  electrons  is  emitted 

•  Figs.  7  to  II  have  been  taken  from  a  paper  by  Professor  J.  C.  McLennan, 
F.R.S.,  entitled  "  Science  in  its  Application  to  Marine  Problems,"  read 
before  the  Northern  Society  of  Shipbuilders. 
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by  an  8-volt  tungsten  filament  in  a  bulb,  and  passes 
through  a  pinhole  aperture  in  a  copper  anode,  between 
which  and  the  filament  a  constant  potential  difference 
of  about  4,000  volts  is  maintained  by  a  high-voltage 
generator.  The  fine  cathode-ray  pencil  thus  produced 
passes  first  between  the  poles  of  a  laminated  electro- 
magnet, and  then  between  two  long  brass  plates  which 
are  respectively  connected  to  the  tinfoil  coating  of 
the  crj-stal  receiver  and  to  earth.  After  passing  these 
plates  the  cathode-ray  pencil  passes  into  a  camera  in 
which  a  fluorescent  screen  is  fixed.  The  whole  apparatus 
is  exhausted  to  an  X-ray  vacuum  by  means  of  Gaede 
and  auxiliary  pumps.  When  the  filament  is  glowing 
and  the  high  potential  difference  is  applied,  a  bright 
spot  is  seen  on  the  fluorescent  screen.  On  exciting 
the  electromagnet  this  spot  moves  transversely  across 
the  screen  in  a  direction  perpendicular  to  the  magnetic 
field,  and  on  applying  a  small  potential  difference 
between  the  two  brass  plates,  it  moves  in  a  direction 
at  right  angles  to  this.  For  the  purpose  of  obtaining 
the  records  the  electromagnet  is  excited  by  an  alternating 
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Fig.   II. — Explosion-pressure  record  from  cathode-ray 

oscillograph. 

A  Original  shock.     B  Reflected  impulse. 

current  of  about  80  f^  per  second,  causing  the  spot 
to  move  over  the  screen  in  a  simple  harmonic  manner, 
each  traverse  taking  i/i6oth  second.  The  crystal  receiver 
is  suspended  in  the  water  with  its  face  turned  towards 
the  explosive  charge,  and  is  connected  through  a  highly 
insulated  low-capacity  cable  to  the  brass  electrode 
plate  of  the  oscillograph.  When  the  explosion  occurs 
the  beam  is  deviated  laterally  by  an  amount  proportional 
to  the  pressure  at  each  instant  and  a  time-pressure 
curve  is  traced  out  on  the  screen.  This  can  be  recorded 
by  lowering  a  photographic  plate  in  front  of  the  screen, 
by  means  of  a  cord  and  pulley  turned  through  an 
airtight  gland. 

Fig.  II  is  a  record  obtained  by  this  device  after 
reducing  the  time  intervals  to  a  uniform  scale.  It 
shows  considerable  irregularities,  possibly  due  to 
reverberations  in  the  water  and  to  non-simultaneous 
firing  of  different  portions  of  the  charge,  but  its  general 
form  corresponds  fairly  well  to  the  cur\-es  obtained  by 
Mr.  Hilliar.  Absolute  pressures  were  not  obtained,  but 
arrangements  have  been  made  for  calibrating  the  device 
by  applying  known  pressures. 

An  interesting  point  shown  in  curve  B  is  that  the 
reflection  of  the  pressure  wave  by  the  bottom  of  the 


sea  produce?  a  second  impulse  of  magnitude  comparable 
with  the  direct  impulse.  It  has  also  been  found  both 
from  Mr.  Hilliar's  and  from  Mr.  Keys's  experiments 
that  surface  reflections  produce  tension  waves  of  magni- 
tudes sometimes  exceeding  the  static  pressure,  indicating 
that  the  water  may  actually  sustain  a  considerable 
tension  for  short  intervals. 

The  practical  importance  of  these  experiments  is 
very  great,  as  it  enables  the  destructive  radius  of  various 
mines  to  be  determined  and  the  designs  of  mines  and 
mine-fields  to  be  conducted  on  a  scientific  basis.  On 
this  account,  and  for  many  other  investigations,  a  new 
form  of  cathode-ray  oscillograph  has  been  designed 
at  Shandon  which  is  portable  and  self  contained,  and 
in  which  a  roll-film  camera  is  employed,  actuated 
from  outside  by  electromagnetic  mechanism.  Arrange- 
ments have  also  been  made  for  attaining  a  uniform 
time  scale  so  that  the  record  needs  no  after-treatment. 

A  number  of  special  instruments  have  also  been 
devised  for  studying  and  recording  the  motions  of 
mines  in  tideways,  etc. 

III.   NAVIGATIONAL   APPLICATIONS. 

One  of  the  most  fortunate  circumstances  resulting 
from  the  large  amount  of  research  undertaken  for  war 
purposes  is  that  the  majority  of  the  information  and 
devices  so  evolved  have  the  most  important  application 
to  peace-time  navigation. 

Although  ships  and  ordinary  methods  of  navigation 
had  already  been  developed  before  the  war  to  the  extent 
of  rendering  maritime  transit  remarkably  safe  and  almost 
independent  of  storms,  fog  has  alwaj-s  been  a  serious 
and  dangerous  obstacle,  causing  great  delay,  apart  from 
accidents,  while  the  dangers  of  icebergs,  derelicts  and 
uncharted  rocks  need  no  insisting  on.  The  "  Titanic  " 
disaster  in  1912  brought  these  dangers  \-ividly  before 
the  pubhc,  and  several  suggestions  were  made  soon 
after  for  guarding  against  them,  some  of  which  as  men- 
tioned above  have  been  of  value  in  the  anti-submarine 
campaign. 

The  question  of  safe  and  rapid  navigation  in  foggy 
weather  is  a  matter  of  great  Imperial  importance,  as 
the  Canadian  ser\dce  is  often  seriously  delayed  by  fog 
off  the  Banks  and  at  Halifax  and  the  St.  Lawrence 
River,  so  that  passengers  and  goods  often  travel  by  the 
American  routes  for  greater  certainty. 

The  three  chief  desiderata  for  the  safety  and  regularity 
of  navigation  appear  to  be  as  follows,  in  the  order  of 
their  importance  ; 

(i)   AbiHty   to    find    and    enter   a   harbour   in   foggy 

weather. 
{2)  Location  of  position  in  sea  during  fogs. 
(3)  Detection  and  location  of  ships  and  obstacles  in 

darkness  and  fog. 

These  three  requirements  can  now  respectively  be 
met  to  a  considerable  extent  by  the  following  devices  : — 

(a)  Leader  gear. 

(6)   Sound  ranging  and  directional  wireless. 

(c)   Echo  detection. 

Fortunately  it  is  possible  to  deal  with  these  matters 
in  greater  detail. 
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Leader  Gear. 

This  device  which  promises  soon  to  come  into  con- 
siderable practical  use,  consists  of  laying  down  a  cable 
on  the  bottom  along  the  track  which  it  is  desired  to 
follow,  and  to  supply  it  with  alternating  current  of  either 
sonic  or  infra-sonic  frequency.  By  the  use  of  suitable 
coils  or  electrodes  attached  to  the  ship  the  electro- 
magnetic induction  or  the  return  currents  in  the  water 
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Fig.   12. — Aural  leader  gear. 

can  be  made  to  give  signals  in  telephones  or  other 
de^^ces  by  which  the  course  of  the  cable  may  be  followed. 
Attempts  were  first  made  in  this  direction  in  the 
St.  Lawrence  River  by  Professor  R.  S.  Owen  as  early 
as  1903,  but  were  only  partially  successful,  chiefly 
because  amphfiers  were  not  then  available.  During 
the  war  the  idea  was  revived  by  Captain  Manson,  em- 
ploying search  coils  and  amplifiers,  and  successful 
results  were  immediately  obtained.     Two  coils  of  about 


Fig.    13. — Ship  coils   for  visual  leader  gear. 

4  ft.  square  are  fixed  on  the  sides  of  the  ship  a  short 
distance  away  from  the  ironwork,  and  are  connected 
to  a  change-over  switch  and  three-valve  amplifier  and 
telephones.  The  cable  is  supplied  with  alternating 
current  of  a  frequency  of  about  500  <^  per  second, 
and  this  current  is  cut  up  into  signals  by  an  automatic 
interrupter.  Steering  is  effected  by  listening  on  the 
two  coils  alternately,  the  signals  being  stronger  on  the 
side  of  the  ship  nearer  to  the  cable.  The  difference 
in  intensity  is  apparently  due  to  the  screening  action 
of  the  iron  hull,  and  varies  with  the  size  of  the  ship. 


but  it  is  usually  possible  to  find  positions  of  the  coils 
which  give  good  indications.  Fig.  12  is  a  diagram  of 
the  arrangements. 

In  order  to  avoid  the  necessity  for  Hstening  to  tele- 
phones, the  author  has  attempted  the  somewhat  bold 
step  of  employing  tuned  alternating  relays  to  operate 
lamps  on  the  navigating  bridge  of  the  ship,  and  thus 
to  give  continuous  visual  indications.  For  this  purpose 
two  inclined  coils  of  a  few  turns  are  fixed  in  the  rigging 
as  shown  in  Fig.  13.  If  the  lines  of  magnetic  force 
are  in  circles  round  the  cable  as  generally  supposed 
(Fig.  14),  the  electromotive  forces  induced  in  the  two 
coils  should  be  equal  when  the  ship  is  vertically  over 
the   cable,    but   when   it   is   on   one   or   other   side   the 
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14   (a). — Ordinary    circular    field    distribution    showing 
E.M.F. 's   in   sloping   visual  leader-gear   coils. 
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Fig.     14  (b). — Field    distribution    distorted    by    sea    water, 
showing   E.M.F. 's  in   visual  leader-gear  coils. 

E.M.F.  in  the  coil  pointing  more  nearly  towards  the 
cable  will  be  the  higher.  At  a  certain  lateral  distance 
from  the  cable  the  plane  of  one  of  the  coils  will  be 
tangential  to  the  lines  of  force,  and  will  consequently 
have  no  E.M.F.  induced  in  it. 

Fig.  15  shows  the  construction  of  the  alternating- 
current  relays  emploj'ed  in  conjunction  with  this  device. 
It  is  on  the  same  principle  as  the  author's  vibration 
galvanometer,  in  which  a  pivoted  or  suspended  iron 
needle  vibrates  in  the  field  of  a  horseshoe  magnet  and 
can  be  tuned  by  varying  the  intensity  of  the  magnetic 
field.  This  needle  is  enclosed  in  a  simple  coil  carrying 
the  alternating  current,  and  is  provided  with  an  arm 
carrying  a  rounded  platinum  end  which  makes  contact 
with  two  fine  tangential  platinum  wires  when  it  vibrates. 
As  the  contact  is  intermittent,  it  is  found  desirable  to 
convert    it   into   a    continuous   contact   by    the    simple 
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device  of  passing  tlie  local  current  from  the  vibrating 
contacts  through  the  coil  of  an  ordinary  heavily-damped 
moving-coil  relay,  the  contact  arm  of  which  slides 
between  two  sets  of  parallel  platinum-wire  brushes  so 
that  when  the  coil  is  deflected,  and  oscillates  owing 
to  the  intermittency  of  the  current,  it  maintains  a 
continuous  rubbing  contact  against  the  brushes.  The 
two  relays  are  combined  in  a  single  magnet  as  shown, 
and  the  tuning  is  very  simply  effected  by  traversing 
the  whole  of  the  alternating-current  system  along  the 
axis  of  the  magnet  by  means  of  a  screw,  so  as  to  be  in 
a  stronger  or  weaker  magnetic  field. 

It  is  fairly  easy  to  set  the  contacts  of  this  relay  to 
work  with  a  power  consumption  of  o-oi  microwatt 
or  less,  which  is  amply  sufficient  to  enable  it  to  switch 
on  a  glow  lamp  at  J  mile  from  a  cable  carrying  only 
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Fig.    15.— Alternating-current  relay. 

5  amperes  of  alternating  current  in  a  depth  of  water 
of  20  fathoms. 

A  relay  on  a  similar  principle  was  devised  by  Mr. 
Sidney  Evershed  as  far  back  as  1896,  but  was  unfortu- 
nately unknown  to  the  lecturer  at  the  time.  Mr.  Ever- 
shed  went  much  further  and  designed  a  vibrating-wire 
relay  which  operated  with  only  o-oooi  microwatt,  but 
It  is  desirable  to  have  a  fairly  robust  instrument  for 
use  on  shipboard  and  it  is  necessary  that  the  relay 
should  be  fairly  definitely  metrical  in  its  operation 
for  the  present  purpose. 

The  tuning  of  this  relay  is  fairly  sharp,  as  is  shown 
by  the  curves  in  Fig.  16,  and  this  requires  the  frequency 
of  the  current  supplied  to  the  cable  to  be  maintained 


constant  within  about  \  per  cent  of  its  nominal  fre- 
quency, but  this  has  the  attendant  advantage  that 
different  cables  can  be  used  with  different  frequencies 
without  mutual  interference.  For  example,  in  wide 
estuaries  like  the  Mersey  and  the  Clyde  where  there 
is  a  considerable  amount  of  cross  traffic,  it  is  easily 
possible  for  the  main  and  cross  routes  to  be  worked 
quite  independently  by  using  different  frequencies. 
The  cuiA^es  shown  are  for  the  three  relays  of  one  of  the 
indicating  sets,  and  the  sharper  curves  are  for  a  previous 
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Fig.  16. — Resonance  curves  for  alternating-current  relays  : 
variation  of  sensitiveness  with  frequency.  Triple  set 
iu  iron  bo-x  with  large  tremblers. 

set  with  smaller  movement,  in  which  the  tuning  was 
inconveniently  sharp. 

In  order  to  keep  absorption  and  distortion  of  the 
electromagnetic  field  as  small  as  possible,  low  frequencies 
of  between  10  and  20  rvi  per  second  are  used  with  this 
device,  and  this  makes  the  presence  of  the  cable  almost 
undetectable  unless  the  frequency  is  known. 

Unfortunately,  however,  when  this  device  was  first 
experimented  with  it  was  found  practically  impossible 
to  get  definite  port  and  starboard  indications  for  steering 
purposes,  and  it  was  therefore  found  necessary  to 
investigate  the  distribution  of  the  magnetic  field,  by 
obser\-ing  the  E.M.F.'s  induced  in  the  two  inclined 
leader    gear    coils,    with    the    result    of    finding    that 
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even  at  these  low  frequencies  it  was  greatly  dis- 
torted. Fig.  17  shows  the  distribution  determined 
in  the  case  of  a  cable  in  about  100  ft.  depth 
of  water  with  a  frequency  of  15  r\j  per  second.  It 
will  be  seen  that  at  the  points  marked  A  and  B  where 
the  lines  of  force  should  be  nearly  vertical  according 
to  the  ordinary  theory,  they  are  actually  horizontal, 
so  that  instead  of  one  relay  being  out  of  operation 
both  are  equally  affected,  and  there  can  be  no  port 
or  starboard  indication.  At  greater  distances  from  the 
cable  the  magnetic  field  actually  bends  upwards  again, 
so  that  the  indications  are  reversed.  In  order  to  avoid 
ambiguity,  therefore,  it  is  necessary  to  limit  the 
sensitiveness  of  the  relays  so  that  they  only  operate 
with  an  E.M.F.  above  its  value  at  the  points  of 
inflection  and  the  steering  indications  must  be  hmited 


sensitiveness  and  switches  on  a  white  "  approach  " 
lamp,  indicating  the  first  approach  to  tlie  cable  at  a 
distance  of  i  to  |  mile.  After  this  lamp  lights,  the  ship 
keeps  on  the  same  course  until  the  red  and  green  lights 
glow  and  then  steers  along  the  cable  by  the  latter. 

In  the  early  experiments  with  this  device  the  frequency 
was  hand-regulated  by  means  of  a  simple  stroboscopic 
device,  in  which  a  Neon  tube  illuminated  from  the 
contact  of  a  standard  tuning-fork  was  used  in  connection 
with  a  geometrical  disc  on  the  rotary-converter  shaft. 
In  order  to  avoid  the  necessity  for  hand  regulation  a 
simple  automatic  speed  controller  has  been  devised. 
A  small  magneto  generator  of  the  tvpe  used  for 
electrical  tachometers  is  attached  to  the  shaft  of  the 
alternator  and  its  E.M.F.  is  balanced  against  a  few 
secondary  cells  through  a  sensitive  moving-coil   relay. 
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Fig.    17. — Visual  leader   gear. 


E.M.F.  inducod  in  ships'  coils  nith  spreaders  20  ft.  long.     Vibration  g.iIv3nometer  500  in  -eries.     Sensitiveness,  3-43  cm.  per  millivolt.     Vessel  crossing  west 
to  east,  heading  south.     Current  in  cable  6  amps.     Frequency,  15   .-v  per  sec.  Dipth,  16-17  fathoms  at  cable. 


to  a  range  of  60-70  yards  on  either  side  of  the  cable 
as  shown  in  the  lower  part  of  Fig.  14,  which  is  ample, 
however,  for  navigating  a  narrow  channel.  In  order 
to  give  even  sharper  indication  of  the  position  of  the 
cable,  a  pointer  indicator  on  the  ohmmeter  principle 
may  be  used,  which  is  actuated  by  the  contacts  of  the 
alternating-current  relays.  When  the  two  relays  are 
vibrating  equally,  the  average  value  of  the  intermittent 
current  from  the  contacts  of  each  is  the  same,  and  the 
needle  points  directly  down  to  the  cable,  but  if  the 
ship  is  on  one  side  and  the  electromotive  forces  in 
the  coil  are  therefore  unequal,  the  average  duration  of 
contact  in  one  relay  is  greater  than  in  the  other  and  the 
pointer  goes  over  to  the  side  on  which  the  cable  lies. 

A  triple  alternating-current  relay  set  is  used,  two  of 
the  relays  actuating  the  port  and  starboard  red  and 
green  lamps,  while  the  centre  relay  is  set  to  maximum 


Exact  balance  of  E.M.F.  for  the  speed  required 
is  obtained  either  by  rotating  the  brushes  of  the 
magneto  by  screw  gear  or  by  shunting  the  generator 
with  a  variable  resistance.  When  the  speed  rises  or 
falls  the  relay  switches  on  one  or  other  of  two  pairs  of 
electromagnets  actuating  a  rocking  arm  which  actuates 
a  reversing  switch  in  the  armature  circuit  of  a  small 
motor,  causing  it  to  run  in  one  or  other  direction  and 
to  traverse  the  contact  of  a  rheostat  in  the  field  circuit 
of  the  main  rotary  converter  or  driving  motor.  When 
the  speed  is  correct  and  the  rocking  arm  is  horizontal 
the  armature  of  the  small  motor  is  short-circuited  by 
two  springs  so  that  it  pulls  up  suddenly  and  prevents 
over-running,  while  if  the  supply  voltage  varies  so  greatly 
as  to  traverse  the  contact  near  to  its  limits,  an  electric 
bell  is  rung  which  calls  the  attention  of  the  engineer 
to   the  need   for  adjustment.     This   device  appears   to 


DRYSDALE:   THE    ELEVENTH    KELVIN    LECTURE. 


585 


control  the  frequency  to  within  o  ■  i  or  o  ■  2  per  cent  of 
its  nominal  value,  which  is  amply  sufficient  for  the 
leader  gear. 

It  has  been  found  easily  possible  to  operate  both  the 
aural  and  visual  systems  of  indication  simultaneously 
on  the  same  ship  and  with  the  same  cable.  For  this 
purpose  the  cable  is  supplied  from  a  high-frequency 
and  a  low-frequency  alternator  in  series  as  shown  in 
Fig.  iS.  The  inductance  of  the  low-frequency  machine 
is  sufficient  to  choke  down  the  high-frequency  current 
almost  completely,  but  by  connecting  a  20-mfd.  con- 
denser in  series  with  the  automatic  signalling  key 
across  the  armature  of  this  low-frequency  machine, 
the  interrupted  high-frequency  supply  can  be  maintained 
without  affecting  the  low-frequency  supply.  It  is 
therefore  possible  for  ships  to  use  either  the  aural 
or  the  visual  indicating  systems  with  the  same  cable, 
or  to  combine  both  indicating  arrangements  on  the 
same  ship  without  mutual  interference. 

Leader  gear  promises  shortly  to  be  adopted  for 
practical  navigation,  as  a  cable  about  18  miles  long 
has  been  laid  down  at  Portsmouth,  and  a  notice  appeared 
in  the  Xaval  and  Milttarv  Record  of  loth  March  last 
that  this  cable  is  available  for  use  by  vessels  fitted  with 
the  necessary  receiving  apparatus. 
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Fig.   iS. — Connections  for  combined  aural  and  visual  leader 
gear. 

Acoustic  methods  using  submarine  bells  for  guiding 
ships  have  been  in  use  for  a  considerable  time,  and 
have  been  developed  by  the  Submarine  Signal  Company 
in  the  United  States.  They  may  be  employed  with 
great  utility  m  conjunction  with  leader  gear  by  having 
a  sounding  device  at  the  end  of  the  leader  cable,  enabling 
the  ship  to  steer  towards  the  end  of  the  cable  from  a 
distance  of  10  miles  or  more. 

Sound  Ranging. 
Although  leader  gear  promises  to  be  of  great  service 
for  guiding  ships  into  and  along  harbours,  it  is  obviously 
impossible  to  apply  it  generally  for  navigation  in  the 
open  sea.  It  is  therefore  desirable  to  have  some  means 
whereby  a  ship  in  a  fog  can  easily  ascertain  or  be  given 
its  position,  and  thus  avoid  dangers,  or  be  guided 
towards  a  leader  cable.  This  may  be  done  by  directional 
wireless,  which  need  not  be  dealt  with  in  detail  here 
as  it  has  been  covered  by  recent  papers  before  the 
Institution.  By  obtaining  bearings  in  this  way  with 
reference  to  two  known  fixed  stations  emitting  contin- 
uous signals,  the  ship  can  obtain  her  position  without 
other  communication,  and  this  device  would  be  perfect 
if  it  were  not  that  the  ship's  hull  may  disturb  directional 
indications  and  give  false  bearings.     This  trouble  may 


be    circumvented    by    experimentally    determining    the 
deviations,  but  it  may  be  a  source  of  uncertainty. 

Another  method  which  requires  no  observations  on 
board  ship  is  by  means  of  submarine  sound  ranging. 
If  a  sudden  impulse  such  as  an  explosion  is  produced 
at  a  given  point  the  disturbance  spreads  out  in  all 
directions  and  can  be  received  on  three  or  more  fixed 
hydrophones  or  shock  receivers.  If  there  are  only 
three  receivers  and  the  explosion  takes  place  at  the 
centre  of  a  circle  passing  through  them,  the  impulse 
should  reach  all  the  receivers  simultaneously,  but  if  it 
emanates  from  any  other  position  it  arrives  at  different 
times,  and  if  these  time  differences  can  be  accurately 
determined  and  the  velocity  of  propagation  is  known, 
the  position  of  the  source  can  be  calculated  (Fig.  19). 
This  device,  the  introduction  of  which  to  marine  service 
has  been  chiefly  due  to  Professor  Bragg,  and  which  has 
been  developed  by  Captain  Boulding,  has  been  of  con- 
siderable service  in  the  war  for  locating  submarine 
explosions,  apart  from  its  well-known  apphcation  for 
locating  guns  in   land  warfare  ;     but  it   can  obviously 


Fig.   19. — Three-station  sound  ranging. 

be  equally  apphcable  for  locating  ships  if  they  drop 
depth  charges  or  employ  other  methods  such  as  the 
Thornton  spark  for  producing  strong  submarine  impulses. 
It  is  of  course  necessary  in  this  case  for  the  ship  to  notify 

I  the  sound-ranging  station  by  wireless  of  its  need  for 
location,  whereupon  the  station  wirelesses  back  instruc- 
tions to  make  the  explosion  and  signals  the  location 
as  soon  as  the  result  has  been  worked  out. 

1  Probably  the  most  promising  method  of  location 
would  be  by  means  of  simultaneous  wireless  and  sound 

I  impulses  sent  out  at  intervals  from  a  fixed  station. 
If  the  ship  were  provided  with  a  wireless  equipment 
and  a  hydrophone,  either  or  both  of  them  being  direc- 

,  tional,  the  direction  of  the  source  would  be  easily 
determinable,  and  its  distance  by  the  interval  of  time 

'  between  the  arrival  of  the  two  signals — nearly  a  mile 
for  each  second  of  interval.  This  may  very  likely 
prove  to  be  far  the  most  convenient  and  accurate 
method  of  location,  and  arrangements  are  being  made 
for  developing  it.* 

In  the  meantime  great  improvements  have  been 
effected  in  the  ordinary  three-receiver  sound-ranging 
method  with  the  object  of  simphfying  the  observation 
and  determination  of  the  source.     Up  to  the  present 

•  See  paj-er   on    "Scientific   Signalling   and   Safety   at   Sea,"    by    Professor 
J.  Joly,   F.R.S,,  Philosophtcal  Magazittt;  July  1918. 
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the  times  of  arrival  have  been  obtained  by  means  of 
hydrophones  connected  to  separate  strings  of  an 
Einthoven  galvanometer,  which  involves  a  photographic 
record  which  has  to  be  developed  and  measured  before 
the  position  can  be  calculated.  Dr.  A.  B.  Wood  and 
Mr.  Ford  have  greatly  improved  this  process  by  what 
they  call  their  phonic  chronometer,  which  enables  the 
times  to  be  read  directly  on  dials  to  an  accuracy  of 
i/i,oooth  of  a  second.  The  principle  is  analogous  to 
that  of  the  author's  roller  stroboscope,  in  which  a  wheel 
with  stroboscopic  sHts  rolls  on  a 'cone  which  is  kept 
revolving  at  a  constant  speed  by  a  phonic  wheel  motor 
actuated  from  a  standard  tuning-fork. 

In  the  phonic  chronometer  a  vertical  cyhnder  is 
maintained  in  rotation  in  the  same  manner,  and  three 
small  pivoted  discs  are  arranged  to  be  pressed  in  contact 
with  it  by  differentially-wound  electromagnets  when  the 
current  through  one  winding  is  broken.  When  the 
second  circuit  is  also  broken,  the  disc  springs  back 
from  contact  with  the  roller  but  immediately  touches 
against  a  brake  which  stops  it  instantly.  These  discs 
are  provided  with  pointers  registering  the  times  of 
contact  to  i/i,oooth  of  a  second,  and  with  light  gearing 
extending  the  total  time  to  lo  seconds  or  more,  so  that 
the  three  time  intervals  can  be  directly  read  off  on 
the  three  dials.  Apart  from  its  value  for  sound-ranging, 
this  chronometer  should  have  most  valuable  apphcations 
for  gunnery  and  general  testing,  as  it  is  remarkably 
compact  and  reliable  in  comparison  with  any  high- 
speed chronometer  hitherto  devised. 

Instead  of  ordinary  microphones  the  hydrophones 
employed  with  this  device  have  single-point  contacts, 
which  are  broken  by  the  arrival  of  the  impulse,  but 
which  can  be  restored  by  the  operator  through  the 
agency  of  a  magnetizing  coil.  Extremely  sensitive 
receivers  of  this  type  have  been  devised  by  Mr.  Burnside, 
who  employs  a  hollow  silver-plated  iron  ball  to  make 
contact  with  a  point  on  the  diaphragm.  This  ball  is 
arranged  to  have  perfectly  neutral  buoyancy  in  a  hquid 
inside  the  receiver  case,  so  that  it  has  no  gravity  control, 
and  it   is   attracted   into   contact   with   the   disc   by   a 

small  coil. 

By  means  of  these  devices  the  time  intervals  for 
sound  ranging  can  be  read  from  the  phonic  chronometer 
immediately  the  impulse  is  received,  but  the  calculation 
of  the  position  of  the  source  is  very  troublesome.  One 
way  of  avoiding  this  was  devised  by  Captain  A.  Anderson, 
and  consists  of  using  glass  or  celluloid  sheets  with  a 
series  of  circles  drawn  on  them.  If  the  positions  of 
the  receivers  are  marked  on  a  plan  and  the  observed 
time  differences  are  converted  into  distances  struck 
off  as  circles  with  compasses  round  two  of  the  receivers, 
the  source  should  be  at  the  centre  of  a  circle  passing 
through  one  station  and  touching  the  other  two  circles, 
and  by  moving  the  glass  plate  over  the  plan  the  required 
circle  can  be  found  and  its  centre  marked. 

Another  device,  due  to  the  author,  is  called  a  sound- 
ranging  locator.  Three  or  more  receiving  stations  may 
be  used  and  marked  on  the  plan.  At  one  of  these  points 
a  long  parallel  bar  is  pivoted,  and  a  number  of  thin 
steel  bands  are  attached  to  the  end  of  this  bar,  and  to 
graduated  rods  running  through  swivelUng  shdes  fixed 
at   each   of   the   other   stations.     These   strips    can    be 


adjusted  by  screws  at  the  end  of  the  bar  (like  the  tuning 
arrangements  of  a  stringed  musical  instrument)  and 
clamped  so  that  the  distance  from  the  clamp  to  the 
zero  of  each  scale  is  exactly  the  same  as  the  distance 
from  the  clamp  to  the  point  of  the  bar.  A  slide  is 
provided  on  the  bar  with  a  vertical  slit  through  which 
the  strips  all  pass.  When  a  record  is  obtained,  the  scales 
of  the  rods  are  set  to  the  time  differences  obtained 
from  the  chronometer,  and  the  bar  is  rotated  and  the 
slide  pushed  along  the  bar  till  all  the  strips  are  taut. 
When  this  is  the  case  the  edge  of  the  slit  from  which 
the  strips  radiate  is  over  the  source  of  disturbance, 
and  a  pricker  enables  this  point  to  be  marked  on  the 
plan.  In  order  to  avoid  errors  due  to  stretching  of 
the  strips  by  tensions  introduced  by  pushing  up  the 
slider,  a  simple  tension  indicator  is  provided  in  each 
strip,  and  the  slider  is  pushed  up  until  the  strips  are 
all  at  the  standard  tension  at  which  they  were  adjusted. 

An  instrument  on  the  same  principle  appears  to  have 
been  devised  by  INIr.  H.  M.  Dadourian  in  the  United 
States  under  the  name  of  the  phonotelemeter,  and  was 
mentioned  in  the  Physical  Review  for  August  1919, 
but  was  unknown  when  this  instrument  was  designed, 
and  no  details  have  been  obtained  as  to  its  construction. 

By  aid  of  this  chronometer  and  locator  it  will  probably 
be  possible  to  determine  the  position  of  a  source  within 
a  minute  after  the  arrival  of  the  impulse.  Corrections 
have  to  be  applied  for  the  temperature  of  the  water, 
which  considerably  affects  the  velocity  of  propagation, 
but  these  can  easily  be  made  by  curves  correcting  the 
time  differences  observed  to  a  standard  temperature 
before  setting  them  on  the  scales  of  the  locator. 

Detection  and  Location  of  Obstacles. 

If  a  ship  can  locate  its  position  in  any  weather,  and 
guide  itself  to  a  harbour  or  through  a  channel  in  a  fog, 
the  only  remaining  danger  is  from  obstacles  such  as 
icebergs,  wrecks  and  rocks.  It  appears  probable  that 
the  echo  methods  of  detection  already  described  will 
eliminate  this  danger,  and  echoes  have  frequently  been 
obtained  from  ships,  rocks  and  ledges,  piers,  and  other 
obstacles  both  bv  sonic  and  by  high-frequency  acoustic 
methods. 

In  191 7  Fessenden  appears  to  have  obtained  echoes 
from  ships,  rocks  and  icebergs,  using  his  oscillator 
described  in  a  previous  section,  but  this  device  is  nearly 
non-directional  owing  to  the  relatively  low  frequency 
employed  (about  1,000  oj  per  second).  It  is,  however, 
very  powerful,  so  that  when  no  disturbing  obstacles 
are  present  good  ranges  should  be  obtainable. 

High-frequency  acoustic  methods  have  given  very 
good  echoes  with  sharp  directional  indication  on  ships 
and  rocks,  but  it  is  not  yet  known  how  far  they  will 
be  successful  with  icebergs.  These  latter  present 
special  difficulty,  as  the  elastic  properties  of  ice  do  not 
differ  so  greatly  from  those  of  water  as  to  give  a  high 
percentage  of  reflection,  but  from  calculations  already 
made  it  appears  probable  that  icebergs  of  any  moderate 
size  will  be  detected  and  located  without  great  difficulty. 
Probably  the  most  reUable  arrangement  will  be  a  com- 
bination of  an  acoustic  device  such  as  the  Fessenden 
oscillator  or  Wrightson  syren  with  high-frequency 
searching  equipment. 
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Another  device  which  may  be  of  considerable  service 
in  navigation  is  the  obtaining  of  soundings  by  echo 
methods  from  the  bottom.  This  has  already  been 
carried  out  very  successfully  by  M.  Marti,  who  has 
obtained  soundings  in  depths  of  from  60  to  160  metres 
to  an  accuracv  of  about  a  metre,  from  ships  moving 
at  speeds  up  to  10  knots,  by  the  use  of  small  explosive 
charges  fired  alongside  the  vessel.  By  this  means 
valuable  information  as  to  position  may  be  obtained 
and  the  approach  to  shoals  or  shores  detected.  The 
lecturer  has  recently  devised  a  scheme  for  giving  direct 
and  continuous  indication  of  the  depth  of  water  under 
a  ship  by  a  pointer  indicator  on  the  bridge. 

A  great  deal  of  work  has  been  done  on  submarine 
and  aerial  signaUing  both  secret  and  otherwise,  with 
the  object  of  permitting  ships  to  communicate  with 
one  another  and  thus  avoid  colhsions. 

One  of  these  de\'ices  which  may  be  mentioned  is 
the  improved  form  of  photophone  invented  by  Dr.  A.  O. 
Rankine  and  described  before  the  Physical  Society,  in 
which  a  mirror  is .  fixed  on  the  lever  of  a  phonograph 
diaphragm  which  forms  an  image  of  a  bright  illuminated 
grid  on  another  similar  grid.  The  amount  of  light 
transmitted  varies  with  the  vibration  of  the  diaphragm 
and  is  concentrated  on  a  selenium  cell  at  the  distant 
station.  Remarkably  clear  speech  is  obtained  in  this 
manner  and  the  de\-ice  is  easily  adaptable  to  ordinary 
ship  searchlights. 

If  all  the  above  devices  prove  as  successful  as  they 
appear  to  promise,  it  seemg  probable  that  before  long 
the  last  remaining  dangers  will  be  eliminated  from 
navigation,  and  that  passages  will  be  made  without 
danger  or  delay  in  all  weathers. 

IV.    GEXER.\L   SCIENTIFIC   RESEARCH. 

We  now  come  to  the  last  section,  dealing  with  funda- 
mental scientific  research.  Ihe  great  importance  of  a 
thorough  knowledge  of  submarine  physics,  and  especially 
of  the  transmission  of  disturbances  of  every  character 
through  the  sea,  has  already  been  insisted  on.  Although 
a  considerable  amount  of  knowledge  was  gained  during 
the  war  in  the  course  of  experimenting  with  various 
detectional  devices,  it  was  naturally  of  an  incomplete 
and  disconnected  character.  Immediately  after  the 
Armistice,  however,  the  lecturer  urged  the  importance 
of  attacking  these  problem^,  before  concentrating  again 
on  the  detectional  methods  and  devices  which  depend 
upon  them,  and  the  work  at  Shandon  has  been  directed 
largely  with  this  object. 

The  chief  fundamental  questions  to  be  settled  are 
the  laws  of  propagation  of  acoustic,  electromagnetic, 
and  optical  waves  in  the  sea.  In  addition  it  is  most 
necessarj'  to  have  methods  of  measuring  the  absolute 
values  of  the  energy,  etc.,  transmitted  and  received, 
and  for  investigating  the  properties  of  various  trans- 
mitters and  receiveis. 

Acoustic  research. — Even  during  the  war  valuable 
information  was  obtained  in  this  direction  under  the 
guidance  of  Professor  W.  H.  Bragg.  The  method  of 
submarine  sound  ranging  developed  by  him  enabled 
much  more  precise  measurements  of  the  velocity  of 
propagation  of  sound  in  sea  water  to  be   made  than 


had  been  done  formerly,  and  this  value  may  be  taken 
as  15,120  metres  per  second  at  i6-  7°  C.  from  the  measure- 
ments of  Captain  Boulding,  as  compared  with  about 
14,500  metres  per  second  for  fresh  water.  The  variation 
of  \elocity  with  temperature,  which  is  probably  some- 
what high,  has  not  yet  been  determined,  but  e.xperiments 
are  in  progress  at  Shandon. 

The  phenomena  of  reflection  are  frequently  most 
embarrassing  as  they  give  rise  to  interference  effects. 
If  a  source  of  sound  or  other  vibrational  disturbance  P 
(Fig.  20)  is  situated  beneath  the  surface,  the  waves 
produced  by  it  are  reflected  at  the  surface,  so  that  at 
any  point,  Q,  the  effect  is  that  which  would  be  produced 
by  two  sources  P  and  P',  the  latter  being  the  mirror 
image  of  the  former.  Owing,  however,  to  the  half 
wave-length  retardation  which  takes  place  at  reflection 
of  a  free  surface,  these  two  sources  are  in  opposite 
phases,  so  that  as  the  distances  from  them  to  an}-  point 
at  the  surface  of  the  water  are  equal,  their  effects  will 
cancel  and  no  sound  should  be  heard.  As  a  matter 
of  fact  a  most  powerful  submarine  explosion  is  very 
little  heard  on  a  ship  half  a  mile  away,  and  what  is 


Fig.   20. — Acoustic  interference. 

heard  may  be  caused  by  the  deformation  or  breaking 
of  the  surface  by  the  e.xplosion,  although  this  phenomenon 
may  have  another  interpretation.*  On  the  other  hand 
if  the  point  Q  is  in  such  a  position  that  the  two  distances 
P  Q  and  P'  O  differ  by  half  a  wave-length,  the  disturbances 
should  arrive  in  the  same  phase  and  reinforce  one  anotfier. 
There  are  therefore  a  series  of  hyperboloidal  shells 
surrounding  the  source  in  which  the  sound  is  a  maximum 
or  zero,  and  if  the  source  is  near  the  surface  there  will 
be  a  large  "  dark  "  space  near  the  surface  where  the 
intensity  is  very  low.  Experimental  evidence  of  these 
interference  phenomena  was  obtained  by  Dr.  A.  B.  Wood 
and  Dr.  F.  B.  Young  at  the  Cullaloe  Reservoir  in  1917, 
and  they  require  the  most  careful  study  because,  since 
most  listening  has  to  be  conducted  within  a  few  feet 
of  the  surface  and  a  submarine  may  frequently  be 
running  only  at  periscope  depth,  they  may  very  greatly 
increase  the  difficulty  of  hearing. 

During  the  past  year  considerable  development  has 
been  carried  out  on  the  metrical  determination  of  sound 
intensities  by  Messrs.  B.  S.  Smith  and  G.  F".  F'artridge 
at  Shandon.  As  a  standard  source  of  sound  they  use 
a  transmitter  excited  by  a  high-alternating  voltage 
derived  from  a  valve  oscillating  set  which  produces 
sound     waves     of     known     amplitude.     The     received 

*  Professor  Joly,  however,  claims  that  the  sound  from  a  submarine  bell  caa 
easily  be  heard  on  a  boat  at  a  considerable  distance. 
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intensity  can  be  observed  by  a  standard  receiver  con- 
nected to  a  three-valve  resistance  amplifier  and  a 
thermo-galvanometer.  Potentiometer  methods  of 
measuring  the  amplification  have  been  devised.  Up 
to  the  present  these  methods  have  been  employed 
chiefly  for  determining  the  characteristics  of  various 
forms  of  receivers  and  Fig.  21  shows  the  variation 
of  the  potential  difference  developed  by  a  magneto- 
phone for  different  frequencies,  for  a  constant  amplitude 
of  the  standard  source.  This  curve  strikingly  shows 
the  selective  properties  of  the  receiver  owing  to  the 
natural    frequency    of    its    diaphragm,    and    illustrates 
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Fig.  21. — Calibration  curves  for  air-drive  magnetophone 
connected  in  line  with  a  single  4,000-ohm  ear-piece. 
Constant  voltage  of  800  volts  at  source,  corresponding 
to  a  maximum  amplitude  of  2*74  x  10 — ^  cm. 

Cun'e  A. — Natural  frequency  of  magnetophone  reed;   about  1,300  in  aii-. 
Curve  B. — Na:ural  frequency  of  magnetophone  reed ;   about  600  in  air. 
Hydrophone  at  2  cm.  from  source. 

how  such  a  receiver  may  modify  or  "  colour  "  the  nature 
of  the  sound  received. 

The  lecturer  has  proposed  to  extend  these  methods 
for  a  complete  investigation  of  the  transmission  and 
reflection  of  sound  in  the  sea,  but  to  employ  the  alter- 
nating-current potentiometer  for  the  measurements,  as 
this  determines  both  the  magnitude  and  phase  of  the 
disturbance.  As  this  potentiometer  will  make  measure- 
ments at  a  frequency  of  1,000  tsj  per  second  to  within 
o-oooi  volt,  and  within  o-i  or  0-2  degree  of  pha.se, 
it  is  particularly  suitable  for  the  purpose.  At  this 
frequency   I   degree  of  phase  displacement  corresponds 


to  a  time  difierence  of  i/36o,oooth  of  a  second,  so  that 
0-2  degree  corresponds  to  about  one  two-millionth  of 
a  second  and  the  time  required  for  an  acoustic  wave  to 
travel  only  one  foot  can  be  determined  to  about  one 
part  in  400  or  closer.  By  using  a  standard  transmitter 
of  spherical  form,  and  employing  the  potentiometer  in 
conjunction  with  a  receiver  and  resistance  capacity 
amplifier,  measurements  can  be  accurately  made  over 
short  distances,  and  can  therefore  be  carried  out  for 
a  preliminary  investigation  in  a  moderate-sized  tank 
without  serious  trouble  from  bottom  and  side  reflections, 
which  can  be  practically  eliminated  if  necessar}^  by  suit- 
able acoustic  lagging.  In  this  way  temperature  changes 
can  be  conveniently  studied.  For  longer  range  work 
the  Gareloch  is  remarkably  suitable  on  account  of  its 
sheltered  position  and  fair  width  and  depth,  though 
to  obtain  service  conditions  deep  open  sea  is  essential. 
Electromagnetic  propagation. — The  importance  of  this 
research,  on  account  of  the  high  absorption  of  sea  water, 
has  already  been  emphasized,  and  a  good  deal  of  pre- 
liminary investigation  has  already  been  done  on  it. 
On  first  joining  the  staff  of  Parkeston  Quay  in  January 
igi8  the  lecturer  made  approximate  measurements 
to  ascertain  the  effect  of  absorption  on  the  E.M.F. 
induced  in  a  search  coil  lying  on  the  bottom, 
in  the  middle  of  a  rectangular  loop  300  x  200  yards 
wide,  laid  in  the  mouth  of  Harwich  harbour  in  about 
20  ft.  of  water.  These  measurements  were  made  by 
means  of  a  galvanometei  and  rotating  commutator  on 
board  a  moored  ship  from  which  alternating  current 
was  supplied  to  the  loop,  and  showed  that  at  frequencies 
from  10  to  20  r\j  per  second  the  loss  of  E.M.F. 
by  absorption  was  only  10  to  20  per  cent.  The 
position  of  the  loop  was  located  by  a  search  coil  and 
telephone  with  amplifier  similar  to  the  arrangement 
afterwards  employed  for  the  aural  leader  gear.  These 
tests  were  sufficient  for  the  immediate  purpose,  but  as 
soon  as  the  leader  gear  experiments  were  commenced 
in  the  middle  of  the  year,  certain  phenomena  connected 
with  it  led  to  further  investigation  of  the  magnetic 
field  surrounding  the  cable  at  sonic  frequencies,  with 
the  result  of  discovering  that  this  field  was  nearly 
horizontal  at  moderate  distances  from  the  cable,  instead 
of  nearly  vertical  as  would  be  anticipated  from  the 
ordinary  theory.  When  the  visual  leader  gear  was 
proposed,  it  was  anticipated  from  the  small  amount 
of  absorption  found  at  sub-sonic  frequencies  that  the 
distortion  would  also  be  small,  but  experiments  soon 
showed  that  this  was  not  the  case,  and  a  series  of  field 
disturbance  tests  were  made  by  means  of  the  inclined 
coils  on  H.M.S.  "  Auricula  "  at  various  frequencies 
from  10  to  50  (NJ  per  second  showing  large  distortion 
which  increased  as  the  frequency  was  raised  (see  Fig.  17). 
In  this  connection  it  should  be  noted  that  the  direction 
of  the  lines  of  force  indicated  on  the  diagram  is  only 
approximate  near  the  points  where  the  field  is  horizontal, 
as  by  connecting  the  coils  in  series  it  was  possible  to 
estimate  the  relative  phases  of  the  electromotive  forces 
in  the  two  coils,  from  which  it  appeared  that  the  field 
was  of  an  elliptically  rotating  character  in  this  region. 
It  must  not  be  forgotten  that  these  experiments  were 
conducted  on  an  iron  ship,  but  the  coils  were  so  large 
and    high    that    it    is    not    probable    that    very    serious 
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•distortion  was  caused  by  the  hull.  A  mathematical 
investigation  indicated  that  the  effect  was  most  probably 
due  to  the  "  skin  effect  "  in  the  water,  which  caused 
the  return  current  from  the  end  of  the  cable  through 
the  sea  to  crowd  in  upon  and  over  the  cable,  and  also 
to  refraction  of  the  electromagnetic  waves  on  escaping 
from  the  sea  into  the  air. 

Preparations  are  now  nearly  completed  at  Shandon 
for  a  rigorous  experimental  investigation  of  this 
phenomenon,  as  it  does  not  appear  that  it  can  be  com- 


search  coils  are  brought  into  a  multicore  cable  running 
to  an  observing  hut  on  Shandon  pier.  This  pier  con- 
tains an  alternating-current  potentiometer  which  will 
measure  the  amphtude  and  phase  of  the  E.M.F. 
induced  in  the  search  coils  and  of  the  potential  differ- 
ence between  the  electrodes  which  is  proportional  to 
the  current  density  in  the  sea. 

The  cable  is  laid  for  a  distance  of  about  2  miles  along 
the  loch  as  straight  as  possible  and  about  300  yards 
from  the  observation  hut.     At  a  point  directly  opposite 


Winch  for  radsin^ 
Vdiping  dsdl — ' 


^■Mf^.ma^S 


I  metre  sgr.  coils 


Side 

ELEV.^TIO-V 


E.\D 

Elevation 


Fig.   22. — Arrangements   for   field   and   current  distribution    tests  round  submarine  cable. 


pletelj'  solved  mathematically.  For  this  purpose  a 
wooden  barge  is  being  equipped  with  a  tall  wooden 
mast,  to  the  upper  and  lower  ends  of  which  a  pair  of 
horizontal  and  veitical  search  coils  are  fixed  for  deter- 
mining the  two  components  of  the  magnetic  field 
(Fig.  22).  The  mast  can  be  raised  and  lowered  by  a 
cord  and  winch  so  that  the  two  upper  coils  can  be 
faxed  at  any  desired  height  above  the  surface,  and  the 
two  lower  ones  at  any  depth  beneath  it.  In  addition 
a  long  horizontal  spar  with  electrodes  at  its  ends  is 
attached  to  the  bottom  of  the  mast,  and  leads  brought 
■along  it  which  as  well  as  the  connections  from  the  four 
Vol.  58. 


the  pier  a  junction  box  is  inserted  containing  a  o-oi-ohm 
resistance,  the  potential  terminals  of  which  are  connected 
through  a  two-core  cable  to  the  potentiometer.  This 
enables  the  magnitude  and  phase  of  the  current  to  be 
determined  in  the  portion  of  the  cable  where  the 
measurements  are  being  made,  and  ehminates  the  effect 
of  attenuation,  which  may  be  of  importance  at  the 
higher  frequencies  of  1,000-2,000  i>j  per  second  up  to 
which  it  is  proposed  to  carry  the  observations. 

It  is  of  course  necessary  to  be  able  to  keep  the  barge 
in  a  definite  position  relatively  to  the  cable  when 
observations  are  being  made,   and  for  this   purpose  a 
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700-yard  rope  is  run  from  the  pier  to  a  mooring  in  the 
Gareloch,  and  this  rope  passes  over  a  winch  drum  on 
the  barge,  so  that  it  can  be  warped  along  the  rope  into 
any  position  as  in  canal  haulage.  In  calm  weather 
it  is  hoped  that  this  device  will  be  effective.  Ranges 
will  be  taken  by  a  9-ft.  Barr  and  Stroud  range  finder 
installed  in  the  observation  hut. 

In  connection  with  these  tests  a  second  series  of 
observations  will  be  made  on  the  electromagnetic  field 
produced  by  circular  and  square  coils  when  submerged. 
This  is  not  only  of  great  theoretical  interest,  but  has  an 
important  bearing  on  the  question  of  electromagnetic 
detection. 

Appendix  3  gives  an  outhne  of  the  mathematical 
treatment  of  the  subject,  and  a  table  of  absorptions  of 
plane  electromagnetic  waves  of  various  frequencies  is 
attached.  For  the  purpose  of  this  calculation  a  rehable 
determination  of  the  specific  resistance  of  sea  water 
was  required,  and  a  Kelvin  double-bridge  arrangement 
was  devised  for  the  purpose.  The  measurements  were 
carried  out  by  Mr.  H.  Rivers  Moore  and  gave  a  specific 
resistance  of  27  ohms  per  cm.  cube  for  water  from 
Harwich  Harbour  mouth,  and  of  24  ohms  per  cm.  cube 
lor  open  sea  water  off  Weymouth,  with  a  temperature 
coefficient  of  —  3  per  cent  per  degree  Centigrade  in  each 
case.  These  values  were  found  to  be  independent  of 
current  frequency  and  dimensions  over  wide  limits. 
The  table  of  attenuations  has  therefore  been  circulated 
for  a  specific  resistance  of  25  ohms  per  cm.  cube. 

Another  point  of  great  interest  is  the  existence  of 
electrical  currents  in  the  sea  due  to  tidal  and  wave  motion 
in  the  earth's  magnetic  field,  which  were  predicted 
by  Faraday  and  have  been  experimented  with  by 
Dr.  F.  B.  Young.  These  require  investigation,  as 
their  behaviour  is  comphcated  by  the  nature  of  the 
channel  or  sea  bed.  It  is  possible  that  their  elucidation 
may  have  important  consequences  in  relation  to  sub- 
marine telegraphy. 

Optical  transmission. — Little  work  other  than  of  an 
immediately  practical  and  empirical  character  appears 
to  have  been  done  in  this  direction.  It  seems  desirable, 
however,  to  have  definite  data  concerning  the  optical 
absorption  of  sea  water  for  various  wave-lengths,  and 
photometric  arrangements  are  being  made  to  determine 
it.  There  are  of  course  numerous  other  problems  of 
a  detailed  character  which  have  been  dealt  with,  or 
which  require  solution,  but  these  are  of  comparatively 
little  general  interest. 

Testing  and  training  of  observers. — Apart  from  the 
improvement  of  detectional  devices,  there  is  the 
observational  element  to  be  dealt  with,  particularly 
in  the  case  of  acoustic  detection  and  direction  finding 
in  which  great  differences  are  found  between  the  dis- 
criminating and  binauralling  facihties  of  different 
individuals.  A  large  amount  of  work  has  been  done 
in  the  training  of  listening  officers  at  the  Hydrophone 
Station  at  Portland,  but  investigations  are  being  made 
with  the  object  of  obtaining  metrical  data  as  to  the 
acoustic  and  visual  facilities  of  observers,  particularly 
as  regards  colour  vision. 
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Conclusion. 
Although  this  account  is  somewhat  long,  it  has  not 
touched  on  the  vast  amount  of  work  which  has  been 
done  at  the  developmental  Naval  Stations  at  Portsmouth 
and  elsewhere.  Great  advances  in  radio-telegraphy  and 
telephony  and  in  the  design  of  thermionic  valves  and 
amplifiers  have  been  made  at  the  Signal  School,  and 
equally  important  developments  in  mining  and  torpedo 
construction  and  investigation  have  been  made  by  the 
Mining  School  and  Torpedo  Stations,  all  under  the 
"  Vernon."  Of  great  importance  in  another  direction 
is  the  work  carried  out  at  the  Admiralty  Phvsical  Labor- 
atory at  Wormwood  Scrubbs  under  Professor  J.  C. 
McLennan,  late  Scientific  Adviser  to  the  Admiralty, 
which  has  resulted  in  the  production  of  large  quantities 
of  helium  gas  for  airships  at  a  moderate  cost.  This  may 
have  a  very  important  effect  on  the  construction  of 
glow  lamps  and  thermionic  valves. 

Mention  must  also  be  made  of  the  important  work 
carried  out  by  the  Admiralty  Compass  Department 
at  Slough,  particularly  in  the  development  of  the  gyro 
compass  which  is  of  such  great  importance  for  submarine 
and  general  navigation,  and  as  regards  special  compasses 
for  aircraft. 

As  regards  the  future,  as  soon  as  the  above-mentioned 
fundamental  researches  on  transmission  for  which  the 
Gareloch  is  specially  suitable  are  completed,  which  will 
take  about  a  vear,  the  Shandon  Experimental  Station 
will  be  transferred  to  a  new  Admiralty  Physical  Labora- 
tory to  be  built  close  to  the  National  Physical  Labora- 
tory at  Teddington,  the  sea  experiments  being  conducted 
at  Portsmouth  or  elsewhere.  The  general  direction  of 
scientific  research  at  the  Admiralty  is  now  in  the  hands 
of  the  new  Director  of  Scientific  Research,  Mr.  F.  E. 
Smith,  F.R.S.,  who  is  co-ordinating  the  pure  scientific 
research  and  experimental  work  with  the  developmental 
work  of  the  existing  Naval  Stations.  It  is  hoped  in 
this  way  to  obtain  the  maximum  of  efficiency  and 
co-operation  without  undue  overlapping. 

Although  the  need  for  economy  in  all  directions  in 
Government  expenditure  is  imperative,  it  appears 
probable  that  immense  gain  as  regards  navigation  will 
result  from  the  work  already  done  and  in  progress  ; 
while  the  need  for  really  rehable  devices  for  submarine 
detection  and  destruction  will  be  admitted  by  all. 
In  view  of  the  great  difficulties  associated  with  these 
problems,  the  results  already  achieved  are  remarkable 
and  form  a  tribute  to  the  initiative  and  resourcefulness 
of  British  scientific  workers.  The  most  obscure  and 
apparently  academic  scientific  phenomena  have  been 
pressed  in  to  the  service,  and  have  been  productive 
of  valuable  practical  results,  which  will  have  their 
bearing  on  many  branches  of  industry. 

It  only  remains  to  add  that  the  work  has  been  con- 
tinued since  the  end  of  the  war  without  any  abatement 
of  enthusiasm  or  energy,  although  with  greatly  reduced 
numbers  ;  and  that  those  who  have  been  fortunate 
enough  to  be  associated  with  its  fascinating  problems 
are  keenly  desirous  of  applying  them  to  the  best  service 
of  the  nation  in  peace  as  well  as  war. 
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APPENDIX    1. 

Theory  of  Acoustic  .Transmission. 

Let  P  and  v  (Fig.  23)  be  the  pressure  and  velocity 
of  the  medium  at  any  point  at  a  distance  x  from  the 
recei\'ing  end,  zl  the  density  of  the  medium  and  E 
its  elasticity.* 

l\il^^l 


v+Bv 


V 


&•• 


Fig.  23. 

Then  assuming  a  unit  area  of  a  plane  wave-front 
and  a  lamina  of  thickness  8  x,  the  mass  of  the  medium 
in  the  lamina  is  .d  §  x,  which  is  accelerated  by  the 
difference  of  pressure  §  P  and 


8F  =  ASx 


-it 


(I) 


On  the  other  hand  the  lamina  is  compressed  by  the 

dSx        I  3   „ 

increase  of  pressure  and  -c.      =  ^  i?  P,  but  ^r—  o  x=ov, 

'^  ox       E  it 


hence 


I       OP 


2) 


These  equations  may  be  compared  with  the  electrical 
case  for  cable  transmission 


3  V  J  i 

:;— -    =  R  i    +    L  C- 

d  X  o  t 


and 


3^ 
Tx 


5  \- 
GV  +  K^- 


(3) 
(1) 


which  are  evidently  identical  if  V  is  substituted  for 
P.  i  for  V,  L  for  A.  and  K  for  i/E,  R  and  G  both  being 
zero. 

It  will  thus  be  seen  that  the  two  transmissions  are 
physically  similar,  except  that  in  the  acoustic  case 
the  elasticity  is  due  to  the  compressibiUty  of  the  medium 
and  the  displacement  is  therefore  longitudinal,  while 
in  the  electrical  case  it  is  due  to  the  lateral  dis- 
placement in  the  dielectric.  It  is  generally  assumed 
in  the  acoustic  case  that  there  is  nothing  corresponding 
to  resistance  or  leakance,  and  hence  no  attenuation, 
but  this  is  of  course  not  stiictly  true.  In  the  passage 
of  sound  along  tubes  there  is  a  frictional  resistance 
to  the  motion  corresponding  to  electrical  resistance, 
while  any  energy  lost  in  compression  and  rarefaction 
due  to  mechanical  hysteresis  is  comparable  with  leak- 
ance. In  this  case  we  may  write  the  acoustic  equations 
as  follows  : — 


Tx  =  f'  +  ^^t 


and 


Tx' 


T,  1  OP 


(5) 


(6) 


which  are  similar  to  the  electrical  cable  equations   (3) 
and  (4)  and  which  can  be  treated  in  a  similar  manner. 

•  The  adiabatic  elasticity  which  is  -j  times  the  isothermal  elasticity  must  be 
taken  in  the  case  of  acoustic  propagation,  as  the  variations  of  pressure  and 
volume  are  so  rapid. 


In  this  case  taking  the  simple  relations   (i)  and   (2) 
we  have  : — 


a=^p     A    o^p 

O'u       A       3=w 

—   y     

and 

0  ;i-^       E        0  i- 

0  x^      E  '^  0  P 

both  of  which  are  of  the  same  form. 

The  simplest  case  of  a  progressive  sinusoidal  wave  is 

2    TT 

P  =  Pmas.  sin  -r-  (V  t  -\-  x) ,  where  V  is  the  velocity  of 
A 

transmission    and    A    the    wave-length,    in    which    case 

"S~^=~V.    P     and      s-r2= — \-. —  P 
Ox'        A-  C  t^  A^ 


P    and 
3^P 


5^  P       I 

so    that    ^- — ^  ^  -  ;^  X  --pT)    which    satisfies    the    above 

relations  if  V=  \/{E/A),  the  well-known  expression  for 
the  velocity  of  propagation. 

Since  2  77  V/A  =  2  tt  f  ^  w,  where  /  is  the  frequency 
of  oscillation,  we  may  write 

P  =  Pmas.  sin  (co  i  -f  2  TT  X ;X) 

=  Pmax.  [sin  tU  '  cos  (2   TT  X  X)    +  COS  CO  <  sln  (2   7T  .f,A)] 

In  vector  notation  cos  oi  t=j  sin  oi  t,  where  j^  ^/  —  i, 
so  that 

P;t  =  Pmax.  sin  tU  t  [cos  (2    7T  -V/A)  +j  Sin  (2   TT  X  A)] 

=  Pmas.  sin  oii^-''^"''^ 

and  if  we  denote  Pmax  sin  tu  t  by   P,  and  2  tt/'A  by  a, 

'    0  r  I       0  P 

P,  =  P  eJ"*,  and  since  ^-- 

jaP    . 
J  at  Vx=^  --j-  e^"^,  and 


J '^"  =  ■2''  Yx^^^^^' 


V, 


:Pe>-" 


p^yai  ^ 


e'" 


^ei-" 


wA''^'  ojXA  \/(E  A)  IJ. 

where  /x=  V(Ej),  which  is  called  the  "acoustic  re- 
sistance "  of  the  medium  by  Brille.*  It  corresponds 
in  the  electrical  case  to  •v/(L'K)  =  Zo  the  "  character- 
istic impedance  "  of  the  circuit.  The  phase  of  the  pres- 
sure and  velocity  of  displacement  of  the  medium  are 
therefore  in  unison  at  each  point  of  the  path,  so  that 
the  displacement  itself  leads  by  i  77,  or  is  in  quadrature 
with  the  pressure. 

The  energy  in  each  complete  wave 


Pdx 


i'X 

P-.-dt 
it 


-[ 


Pv dt  or  e  =  iP„ 


so   that    the    power   transmitted  _from    a    continuously 
vibrating  source  =  i  Pi 


max.  "^mas. 


=  P  V,  where  P  and  v  are 
the  R.M.S.  values  of  P  and  v.  This  corresponds  to  the 
relation  :  power  =  V  i"  in  an  alternating-current  circuit 
when  V  and  i  are  in  phase.  It  should  be  obsen,'ed,  how- 
ever, that  this  assumes  that  there  is  no  reflection  at  the 
receiving  end,  or  that  the  energy  is  completely  absorbed, 
which  is  equivalent  in  the  similar  electrical  case  to 
assuming  a  non-inductive  receiver  of  resistance  equal 
to  Zo  or  /x,  so  that  a  given  potential  difference  produces 
a  current  of  the  same  value  as  that  in  the  wave.  In 
this  case  the  efficiency  of  transmission  is  unity,  so  that 
in  the  acoustic  case  there  will  be  no  reflection  on  passing 
into  a  new  medium  if  the  value  of  a  =  \/(E  A)  is  the 
same  in  both  media,  and  the  efficiency  of  transmission 
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will  be  perfect.  This  result  is  of  the  greatest  importance 
as  regards  the  construction  of  listening  devices  for 
highest  efficiency. 

In  general  /x  =  •\/(E  A)  will  not  be  the  same  in  the 
two  media,  so  that  there  will  be  a  reflection  at  the 
interface.  We  may  therefore  write  for  the  conditions 
on  the  two  sides  of  the  interface 

Pi^  =  Pi  ei-'-'  +  P\  e-''"",     and     P^,  =  P^e-J'^^" 
X  being  reckoned  in  each  case  away  from  the  surface. 

When  ;ir  is  zero  P„=P,  4-PJ,  and  Pc.t=Pj,  and  it 
is  evident  that  these  two  pressures  must  be  equal  as 
the   pressure   must   be   continuous. 

Hence  P,  +  PJ  =  P,  or  /^ii  [v^  +  v^)  =  /x^  f  j,  so  that 
''i  +1^1  =  (/Xj  /^j)  v^^r  v^,  where  r  is  the  ratio  of  the 
acoustic  resistances  of  the  two  media. 

It  is  also  evident  that  there  is  no  discontinuity  of 
velocity,  so  that  v-^  —  v\  =  v-.. 

Combining  these   two   relations   we   have 


2 

and     1',  ^ V, 

r  +  I 

and    P',  —  *"  ~  ^  P, 
r  +  1 

r  +  I  '■'■ 
'^     P. 

From  which 

Energy  in  transmitted  wave 

4  '' 
=  .     1      ,3  X  energy  m  original  wave 

Energy  in  reflected  wave 

=  (''  ~  ^'^' 


X  energy  in  original  wave 


Hence  the    efficiency  of    transmission  =  —  and 

'  .  (r  +  i)^ 

of  reflection  =  ( 

V'-  +  1/ 

•  It  should  be  observed  that  the  magnitude  of  all  these  expressions  is  un- 
changed if  we  write  i  r  for  r,  which  implies  that  the  intensities  of  the  trans- 
mitted and  reflected  waves,  and  the  efficiency  of  transmission  is  the  same  if 
the  direction  of  propagation  is  reversed.  The  phase  of  the  reflected  wave  is 
however,  reversed  as  shown  below.  .' 


As  regards  phase,  it  is  evident  that  there  is  no  change 
of  phase  either  of  pressure  or  velocity  in  the  trans- 
mitted wave.  For  the  reflected  wave,  however,  the 
phase  relations  depend  upon  whether  r  is  greater  or 
less  than  unity,  i.e.  upon  whether  the  second  medium 
is  more  or  less  resistant  than  the  first.  If  the  second 
medium  is  more  resistant  y  >  i,  so  that  P,  is  positive, 
and  is  in  phase  with  the  pressure  Pj  in  the  incident 
wave.  In  this  case  also  v^  is  positive,  but  it  has  been 
taken  with  reference  to  the  new  direction  of  propaga- 
tion away  from  the  interface,  and  must  therefore  be 
regarded  as  in  opposite  phase  to  v^.  When  r  is  less 
than  unity  these  relations  are  reversed,  so  that  we 
have  : — 

r  >  I.  Reflected  pressure    in    phase,    reflected  velocity 

reversed  or  displaced  by   77. 
y  <  I .  Reflected  pressure  reversed  in  phase  or  displaced 

by    TT,   reflected   velocity  in   phase. 
r  ^  I .  No  reflected  pressure  or  velocity,  the  whole  of 

the   energy   being   transmitted. 

When  ;-  is  very  large,  as  in  passing  from  air  to  steel 

y  —  I 

or    other     highly   resistant    media,    Pj  =  — ■ —  P  ^  P 


nearly,  or   the   total   pressure    Pj 
resultant   velocity   v-^  —  v^   is   zero 
4   '' 


r  -{-  I 
pj  =  2  Pi  and  the 
The    efficiencv  of 


transmission 


tion 


(r  -  i)= 


(»-  +  i)  = 


is  then  very  low,   and  of  reflec- 


or  nearly   unity. 


r  +  I 

When  r  is  very  small,  as  in  passing  from  steel  or 
water  to  air.  Pi  =  —  P,  or  the  resultant  pressure  at 
the  surface  is  nil,  and  v^  =  —  t;,,  so  that  the  total 
velocity  of  the  particles  is  2  v^.  In  this  case  also  the 
efficiency  of  transmission  is  then  very  low,  and  of 
reflection  nearly  unity. 

Brille  (loc.  cit.)  gives  the  following  table  of  constants 
for  various  media  : 


Table  i. 
Transmission  of  Vibratory  Waves  from  One  Medium  to  A  nother. 


Nature  of  the  Media 

Value  of  E 
(kg.  per  sq.  mm) 

Value  of  .i  (C.G.S.) 

Value  of  v/(-) 
(metres  per  sec.) 

Values  of  .1  =  \'(E.i) 
in  units  C.G.S. 

Steel 

2X  IO+ 

7-8 

5,100 

395  X  lo't 

Cast  iron 

0-95X10'' 

7 

3,680 

258  X  ic 

Brass 

0-65  XIO< 

8-4 

2,780 

234  X 10+ 

Bronze 

0-32X10'' 

8-8 

1,910 

168 X 10* 

Lead 

o-o6x  10* 

11-4 

725 

82-5  X10+ 

Teak 

0-16X  lO* 

0-S6 

4,300 

37  X  lo'' 

\\  ood  <  Fir    .  . 

0-09  X  lO'' 

0-45 

4.470 

20  X  lO'' 

Beech 

O-06X  lO'* 

o-S 

2,740 

22  X  10+ 

\\'ater 

2X  10^ 

I 

1,410 

14x10+ 

Rubber 

Below  I  (variable 

I  approxi- 

Below 100 

Below  I 

according  to  the 

mately 

nature  of  the 

rubber) 

Air 

1-40x10—' 

0-0013 

328 

0-004  "^  lo'' 

d 
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It  will  be  seen  from  this  how  low  the  efficiency  of 
transmission  is  in  the  case  of  water  to  air  or  to  the 
steel  side  of  a  ship. 

For  water  ju,  =  14  x  io<,  and  for  air  0-004  ^  ^°*>  so 
that    >'^0'Ooo2S6   and  the   efficiency  of   transmission 

4  *■ 

7]=  -— - — r^^  0-00114,  or  0-114  per  cent  approxi- 
mately. 

For  steel  fj.  =  395  x  10^,  so  that  for  water  to  steel 
r  ^  28  approximately  and  the  efficiency  of  transmission 

4  X  28 
T]  = —  ^  0-133   or   about   13   per   cent,   while  for 

0-004 

steel  to  air  r  =  =  oooooi    and   77  =  0-00004    or 

395  ' 

0-004  PS""  cent. 

For  water  to  steel  to  air,   as  in  a  ship, 

7y  :=  o- 132  X  0-00004  =  4-3  X  10-^ 

only,  while  for  water  to  steel  to  water  it  is 
0-132  X  0-132^0-017  or  1-7  per  cent,  say  2  per 
cent  allowing  for  multiple  reflections  in  the  steel. 
This  is  much  higher  than  for  water  to  steel  to  air,  so 
that  it  has  been  found  highly  advantageous  to  enclose 
inboard  hydrophones  in  water-filled  tanks,  the  water 
being  in  contact  with  the  steel  hull.  This  devdce  has 
long  been  in  use  by  the  Submarine  Signal  Company. 

These  figures  exhibit  the  extraordinary,-  small  amount 
of  acoustic  energy'  which  is  communicated  to  the  air 
even  vertically  above  a  sounding  body  in  the  water, 
and  the  even  smaller  amount  which  penetrates  into 
the  interior  of  an  iron  ship  if  the  plates  are  thick. 
This  forms  one  of  the  greatest  obstacles  to  submarine 
listening,  although  fortunately  the  efficiency  is  not  as 
low  as  these  figures  indicate,  as  the  ship's  plates  are 
sufficiently  thin  to  act  to  some  extent  as  diaphragms. 

It  is  evident  that  one  of  the  most  important  problems 
in  connection  with  submarine  listening  is  to  find 
materials  of  sufficient  strength  in  which  the  acoustic 
resistance  |n  =  V(^  ^)  is  nearly  the  same  as  for  water. 
From  the  above  table  it  is  seen  that  the  only  material 
which  even  approximates  to  this  requirement  is  wood, 
in  which  p,  varies  from  22  to  37  x  10+  as  compared  with 
14  X  lo-t  for  water,  but  there  is  evidently  room  for 
further  research  on  this  point. 


APPENDIX   2. 

Theory  of  Three  Station  Sound  Ranging. 

Let  P  (see  Fig.  19)  be  the  point  of  disturbance ; 
O,  R,  and  S,  the  three  shock  receivers  ;  61  and  62  the 
two  "  bases  "  R  S  and  R  Q  ;  and  d^  and  d^  the  two 
distances  corresppnding  to  the  time  diflerences  observed. 

Then     r^  +  2  r  d^  +  dl  ^  r^  +  b^  —  2  y  b^  cos  d 

and      r^  +  2  r  d2  -r  dl  =  r'  -{-  bl  —  2  r  b2  cos  {a  —  6) 
from  which      2  ;-  -^fij  cos  6  +  dj\  ^  bl  —  d^ 
and  2  r  {ij  cos  (1—6)  +  d^y  =  bl  —  d^ 

62  cos  {a -6)  +  d^      b\  -  dl 


j    from  which 

{{bl-dl)b2  cos  a-  {bl-dl)b,}  CCS  d 

j  -i-(if-df)  6,  sin  a  sin  e+(bl~dl)  d^-ibl-dl)  rf,=o 

i  This  expression  does  not  lend  itself  to  obtaining  a 
I  simple  general  formula ,  for  6.  but  is  of  the  form 
I  A  cos  0  +  B  sin  ^  +  C  =  o,  where  A,  B,  and  C  can  be 
.    numerically   calculated   from   the   record  of  any  given 

explosion. 
I        Then 

!   cos^={-AC+v'[A=C^-f(A^  +  B=)(B^-C-)]};{A^+B'> 

61  —  dl 


and 


2  (bi  cos  d  -r  dj) 


enabling  the  range  and  direction  of  the  source  to  be 
calculated.  If  the  three  stations  Q,  R,  and  S  are  in 
the  same  straight  line. 


and 


and 


a  ==  TT,  sm  a  =  o,  ccs  a  =  —  i, 

{K  -  dl)  d,  -  (bl  -  dl)  d. 


cos  6 


{bl  -  dl)  &,  +  (bl  -  dl)  b, 

i  (bl  -  dl)  fc,  +  (bl  -  dl)  b, 

bl  d,  +  62  dl 


APPENDIX   3. 

Propagation  of  Electromagnetic  Wave  in  a  Con- 
ducting Isotropic  Medium. 
Fundamental  equations  (expressing  all  units  in  C.G.S. 
electromagnetic  measure). 

1                   I  K    . 

(i)  I  =  D  =  ^  E  H ■  —  E, 

p  9  x   10-°     4  TT 

(ii)  B=pU, 
(iii)  curi  E  =  B, 
(iv)   curl  H^47rI^47TD, 

where  I  =  current,  D  =  displacement,  E  =  intensity  of 
electric  field,  H  and  B  =  the  magnetic  force  and  induction 
respectively,  K  and  p  the  dielectric  constant  and  per- 
meabihty  of  the  medium,  and  p  its  specific  resistance. 

Then  from  (iii)  and  (ii)  curl  E=  —  B=— jU.H 

.-.  curl  curl  E 

=  V(VE)-V^E  =  jHj-curiH. 


4  TT/nDfrom  (iv) 


but  V  E  : 


hence   V'E-''^^^E 


o  by  solenoidal  condition 
P 


9  X  10 
In  a  similar  manner  we  get 


E  =  o  from  (i). 


p  9  X  10^ 


fi 


Both  these  equations  are  of  the  form  (taking  the  axis 
of  .*■  as  the  direction  of  propagation)  : 


3=y 

4TTP 

^y 

Kp 

^^-y 

7)x' 

P 

3  t 

9  X  10™ 

-dt^ 

hence 


bl  cos  9  +  dl  bl  —  dl 


where  y  represents  either  E  or  H. 

Assuming  y  =  E^-"'^  sin  (w  t  —  b  x),  where  cu  ^  2  77/, 
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and  /  is  the  frequency.      V  =  velocity  of  propagation 
=  w  b,  and  A  the  wave-length  ^  2  tt,  6,   we  get 


a'  -  b^  - 
from  which 


l/X  CO 


a 


=  [ 


9  X  10 
K/x  o) 


-  =  o    and    a  b 


2  TT  fX  (JJ 

P 


18  X  io^° 


)■ 


+ 


4  77-  /x-ai-  I  i 


Kfiio-    ~li 
~  18  X   I0^°J 


and 


b  = 


P' 

2  TT  fJiU) 

p  a 

Case  1. — If  p  or  oj  is  large,  so  that  the  second  term 

under   the    radical    is    small    compared    with    the    first 

6  TT  X   io'°      //  ^l\        ,  .  ^    .     .    , 
a  =  .  /  I  i^  I ,  which  is  independent  of   fre- 

\/(Km) 
quency,  and  b  =  — ^^  oi  approximately,  so  that  for 

a  medium  of  high  resisti\'ity  the  velocity  of  propagation 

3  X  io'°     , 
V  =  — yrrn — r ,  the  attenuation  constant 


Case  2. — If  p  or  oj  is  small  so  that  the  first  term  under 
the  radical  is  the  smaller 

er  H  or 
value. 


and  in  the  distance  of  one  wave-length  either  H  or  E 
is  reduced   to  «—-"  =:  0-001865  of  '^s  initial  value. 


In  order  that  the  simple  expression  a  =  2  tt^ 

should  be  within  i  per  cent  of  the  value  of  the  complete 

expression  for  a  above,  -^—7 — To  should  not  be  greater 

than  i/5oth  of  iTrynulp  from  which  taking  K  as  80,* 
fj.  as  unity  and  p  =  25  x  lo',  the  frequency  /=  18  x  10^ 
periods  per  second. 

For  all  frequencies  up  to  this  value,  therefore,  which 
covers   all   practical   frequencies,    the   attenuation   may 


a/(K/x)' 


677  X 


-V(l 


3  X  io'° 
and  the  wave-length  A  =  7 — ttt^ — ;•     The  velocitv  and 

wave-length  are  therefore  independent  of  the  resisti\-ity, 
and  the  attenuation  is  proportional  to  the  conductivity, 
being  zero  for  a  perfect  insulator. 


be  taken  as  2  tt 


v/(f )  - 


ithout  sensible  error,  for  sea 


water  or  other  media  in  which  p  does  not  exceed  the 
above  value. 

The  attached  approximate  table  of  velocities,  wave- 
lengths, and  attenuations  has  been  calculated  for  the 
value  of  p  of  25  oj  per  cm.  cube. 

•  The  value  of  K  is  dif&cult  to  determine  for  such  a  conducting  medium  as 
sea  water,  and  very  different  results  have  been  given,  but  the  above  is  the 
highest  value  which  we  have  seen. 


Propagation  of  Electromagnetic  Waves  in  Sea  Water. 
Table  of  Velocities,   Wave-lengths,  and  Attenuations  for   Various  Frequencies. 
Calculated  for  Specific  Resistance  p=2  5  oj  per  cm.  cube. 


Intensity  transmitted* 

Velocity  km.  per  sec. 

Wave-length,  metres 

Attenuation  constant 

=  1  5801// 

=  1.580^-^// 

a  =  -3-9rxio~5-v// 

100  metres 
,-0-39/V/ 

I  km. 
.-3-97V/ 

0 

0 

X 

0 

I 

I 

5 

3-533 

706-6 

0-0000888 

0-4115 

1-392X  lo-"* 

10 

4-996 

499-6 

0-0001258 

0-2842 

3-437X10-6 

15 

6-119 

407-9 

0-0001538 

0-2149 

2-091  X  IO-' 

20 

7-066 

353-3 

0-0001775. 

0-1695 

1-959x10-* 

30 

8-654 

288-5 

0-0002174 

O-II37 

3-62x10-'° 

40 

9-993 

249-8 

0-000251 I 

0-0813 

1-244X  IO-" 

50 

11-17 

223-4 

0-0002807 

0-0604 

6-463  X  IO-'3 

100 

15-8 

158-0 

0-000397 

0-01857 

5-728X  lo-'S 

200 

22-35 

III-7 

0-0005614 

3-653X10-3 

4-232  X  IO-=5 

300 

27-37 

91-23 

0-0006876 

I  -032  X  IO~3 

1-374X10-30 

500 

35-33 

70-66 

0-0008877 

1-392  X  lO"* 

2-733X10-39 

700 

41-8 

59-71 

0-0010503 

2-745X10-5 

2-432  X  10--t6 

1,000 

49-96 

49-96 

0-001258 

3-437X10-6 

2-3  X  10-55 

1,200 

54-73 

45-61 

0-001375 

I -066X10-6 

1-901  X  10-60 

1,500 

61  - 19 

40-79 

0-001538 

2-091 X  10-' 

I  -622  X 10-67 

2,000 

70-66 

i5-ii 

0-001775 

1-959X  IO-* 

4-325  X  10-78 

5,000 

III-7 

22-34 

0-002807 

6-463X  IO-'3 

I-272X  10-'" 

I0,000 

158-0 

15-8 

0-00397 

5-728X  10-'^ 

7-58xio-"73 

20,000 

223-5 

11-17 

0-005614 

4-232X  IO--5 

I-549X  IO-^''4 

50,000 

353-3 

7-066 

0-008877 

2-733X10-39 

3-O2X  10-386 

100,000 

499-6 

4-996 

0-01258 

2-3  X 10-55 

4-467X10-547 

200,000 

706-6 

3-533 

0-01775 

8-325x10-'* 

1-318X10-771 

500,000 

1,117-0 

2-234 

0-02807 

I-272X  10-'-' 

l-O0XI0-'='9 

1,000,000 

1,580-0 

1-58 

0-0397 

7-58x10-173 

6-309X  IO-'725 

« 

Compared  with  the  inten 

lity  when  no  absorption  is 

present. 
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APPENDIX    4. 

Transmission    of   Alternating    Currents    through 
Large  Conductors. 

If  current  is  supplied  to  the  sea  through  two  electrode 
plates  at  a  large  distance  apart,  the  supply  leads  being 
at  a  considerable  distance,  the  currents  in  the  sea  pass 
from  one  electrode  to  the  other  like  lines  of  magnetic 
force  from  one  magnet  pole  to  another,  and  if  the 
supply  is  direct  and  the  electrodes  are  very  far 
apart,  the  current  density  will  be  sensibly  uniform 
at  all  points  near  the  hne  joining  the  electrodes  and 
near  the  middle  of  their  course.  But  if  the  supply 
is  alternating  the  familiar  "  skin  effect  "  wiU  come 
into  play,  and  the  current  will  tend  to  diverge  away 
from  the  axis  so  as  to  diminish  the  magnetic  flux 
surrounding  it.  This  phenomenon  has  been  mathe- 
maticalU'  treated  by  Lord  Kelvin,  Professor  A.  Gray 
and  Dr.  Alexander  Russell,  for  concentric  cylindrical 
conductors.  It  cannot  probably  be  solved  for  many 
other  cases,  but  the  results  are  of  interest  as  showing 
the  probable  character  of  the  current  distribution. 

Assuming,  therefore,  that  the  water  is  enclosed  in  1 
a  channel  or  pipe  of  circular  section  far  away  from  [ 
the  supply  leads  it  can  be  shown  that  the  current  j 
density  A  in  the  water  is  controlled  by  the  equation    ' 


5=  J       I 


\A 

3  r 


AJTJi. 


3/ 


-    /I  =  y  ^- — ,  it  becomes 


where  r  is  the  radius  from  the  axis,  /x  the  permeability 
of  the  conductor,  and  p  its  specific  resistance.  This 
is    the    well-known    Fourier-Bessel    form    of    equation, 

and    if    we     write    ^    for    the    operator    r  _ —    so    that 

or 

_4TTfj.r'     ^  A 

3>-'  "•  '^"^ — "  ■■  ^~     p        :>(' 

Then  if  we  assume  that  A  is  a.  simple  harmonic 
function  of  the  time,  and  that  ics  magnitude  and  phase 
are  functions  of  r  we  may  write  A=f{i')  sin  -Tcu  ^  +  ^  ('')} 
or  =/  (y)  sin  9  and 

i'A=[i'/{r)-f(y){$<f>{r)}=]smd 

+  [/{r)i'4>{r)+2$f{r)  .?^  (r)]  cos  6=  "^^  ^''^ '"/(r)  cos  6 

which   gives   us   the   two   relations 

i' f  [r)  -  f  (r)  {-r  4,  (r)y  =  o 
and     /{.)j.J^,^(0_iZii^,^  I   +2  5/{r)i^(,)  =  o 

If  we  develop  f  (r)  and  cj)  (r)  in  series  of  ascending 
powers  of  r  or  more  conveniently  of  r^(^-!T p.  oj  I p)=  u, 
we  get  by  equating  coefficients 

Ar  =  /lo{i  +  0-1625  «''  —  i'oi7  X  10-+  u^ 

-f    1-594  X   IO~'  I*"   +  3-66  X    10-8  „I6   _(.   gtj.    \ 

and 

siU'l^ai  /  +  0-25  M^  —  1-737  X  io~'  «* 

+  309    X    10-5  „I0  _   y.j^    ^    jQ_7  j^i4   ^  g^j,   j. 


where  A,  is  the  current  density  at  any  zone  of  radius 
r,  and  Ao  is  the  density  at  the  axis,  a  series  which 
is  fairly  convergent  for  values  of  u  up  to  2,  but 
not  higher. 

Figs.  24  and  25  show  the  variation  of  current  density 
and  phase  as  u  increases  from  zero  to  2,  or  r  increases 
from  zero  to  •\/[p  (7T;U.a))].  The  current  density  is 
about    24   per   cent   higher   at   this   latter   radius   than 


Fig.    24. — Skin   effect  in   conductor  :     variation   of   current 
density  and  phase  angle. 

at  the  axis,  and  its  phase  is  advanced  by  about  52°. 
These  results  can  be  fairly  closely  expressed  by  the 
empirical  formula 

A  =  zJo  cosh  0-17  /li^  sin  |a>  /  -f  0-25  x  i-875\ 

from  which  the  curves  in  Fig.  24  have  been  drawn,  the 
points  marked  being  obtained  by  the  above  series.     The 


2-0  '^ 


Fig.  25. — Vector  diagram  of  current  density. 

agreement  is  sufficiently  close  to  justify  the  extension 
of  this  formula  to  greater  radii,  although  the  calcula- 
tions can  be  made  more  accurately  by  the  ordinary 
tables  of  Bessel  functions.  There  is  little  value,  how- 
ever, in  extending  the  calculations  to  large  radii,  as  the 
whole  theory  depends  on  the  assumption  that  the  equi- 
potential  surfaces  are  planes  perpendicular  to  the 
axis,  which  is  only  true  for  moderate  ranges  when  the 
current  is  suppUed  at  small  electrode  plates,  and  also 
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52"  IS  r  ■■ 


*     \tt  ft  OiJ 


on  the  assumption  that  the  conductor  is  cylindrical 
and  at  the  centre  of  a  concentric  return.  The  calcula- 
tions show,  however,  that  the  "  skin  effect  "  is  of 
serious  importance  in  a  large  body  like  the  sea,  even 
at  moderate  frequencies. 

Since  p  for  sea  water=25Xio9  C.G.S.  units  and 
jti=i,  the  radius  at  which  the  current  density  is  in- 
creased   by    24    per   cent   and   its    phase   advanced   by 

35,600  356 

j-.~  cm.  or    —77  metres,  so 

■ftoij  V7  V7 

that  if  the  frequncy  /  is  10  t\j,  ;- =  112-5  metres,  and 
at  a  good  sonic  frequency  of  1,000  t\j,  r  =  11 -25  metres 
only.  In  this  case  the  currents  in  the  water  tend  to 
concentrate  towards  the  surface  of  the  water  and  the 
sides  and  bottom  of  the  channel.  They  also  tend  in 
the  practical  case  to  concentrate  towards  the  side  of 
the  channel  on  which  the  supply  lead  is.  unless  this 
is  at  a  considerable  distance  compared  with  the 
width  of  the  channel. 


APPENDIX   5. 

currext  axd  fleld  distribution  in  a  conducting 
Medium  surrounding  a  Cable  carrying  an 
Alternating  Current. 

In  the  preceding  section  the  distribution  of  current 
has  been  dealt  with  when  it  is  introduced  into  the 
water  by  two  electrode  plates  at  a  considerable  distance 
apart.  A  far  more  important  case,  however,  is  that 
of  a  cable  lying  along  the  bottom  with  electrodes  at 
its  ends,  so  that  the  water  may  be  taken  as  a  return 
conductor  surrounding  the  cable.  In  this  case  the 
"  skin  effect  "  is  in  the  opposite  sense,  tending  to 
cause  the  return  currents  to  converge  inwards  towards 
the  cable,  so  as  to  reduce  the  magnetic  flux  encircling 
it,  and  this  is  of  importance  as  it  has  often  been  hastily 
assumed  that  the  skin  effect  alwavs  tends  to  make 
the  current  concentrate  towards  the  surface  of  the 
water. 

Dealing  first  with  the  water  as  if  it  w^ere  a  cyUndrical 
conductor  w4th  the  cable  along  its  axis,  we  find  that 
the   same   fundamental   equation 


or-       f 


I     ^1/] 


4  TTJLI       ?  A 


holds  as  for  the  inner  conductor. 

For   a   sinusoidal   supply   of   frequenc)'  /,    for   which 

CO  ^  2  tt/,  this    becomes    S^  A  =  j — —  r^  A,     and 

P 

if  we    write    K   for  .  /  (         " —  J  and    »  for  the  ratio 

yIyc,  where  r  is  the  depth  of  the  zone  considered,  and  r^ 
is  the  radius  of  the  outer  conductor,  we  find  by  the 
same  process  as  before,  if  Ac  is  the  current  density  at 
the  circumference  (assuming  the  inner  conductor  to 
be  negligibly  small), 

Ar=A,  \  I  +  j-VK^»4+  ^l^K4„5+_?gS_K4„64_^y_jK-»«7+  .  .  .  f 

sin{a>«-|-iK=u3  +  |K==M't-|-JoK^M5-|-  .  .  .  I 


This  series  is  only  reasonably  convergent  for  all  values- 
of  M,  when  K  is  not  greater  than  unity,  or  tc  is  not 
greater  than_'-\/[p/(4  tt/xoj)].  For  K  =  i  we  have  the- 
following': — 


o-,? 
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Ar 

-IT-    i-ooo   i-oooooi   1-000159   1-000897   1-00318 

0-5      0-6     0-7     0-8    0-9    I-O 

1-00S76     1-0179     1-0437     i'oS54     1-156   1-278 

Lead  of  phase  ^ :  o  0-296°   1-233°  2-902°  5-44°   8-96° 
13-25°   19-93°  28-0°  38-4°  51-1° 

so  that  the  current  density  in  the  water  close  to  the 

inner  conductor  is  about  28  per  cent  higher  than  at 

the  circumference   of  radius  •Y/[p/{4  77  K;ix  o))]   (^56-5 

metres  at  10  (nj,  or  5  -65  metres  at  1,000  rs)  in  sea  water), 

and  its  phase  is  advanced  about  51°.      We  could  make 

calculations  for  greater  distances  by  employing  Bessel 

functions,  but  it  is  of  little  use  to  do  so,  as  we  are  not 

dealing  in  practice  with  a  cable  suspended  in  the  centre 

of   a   cyhndrical    body   of   water,    and   the   calculation 

has  only  been  made  with  the  object  of  showing  that 

the  current  tends  to  converge  inwards  on  the  conductor 

and  away  from  the  surface  and  sides.     As  the  total 

return  current  in  the  sea  is  equal  and  opposite  to  that 

in  the  cable,  it  tends  to  neutralize  its  magnetic  effect 

at  points  above  the  surface  ;    and  at  high  frequencies, 

where   the   return    current   concentrates   closely   round 

the    cable,    the    neutralization   is    almost    complete,    as 

in   an   ordinary   concentric   cable. 

The  fact  that  the  current  lags  in  phase  as  we  proceed 

outwards  from  the  cable,  shows  that  we  may  consider 

the  return  current  as  moving  outwards  in  the  form  of 

cyUndrical  waves,  and  it  will  be  seen  that  the  funda- 

^     'i-  A       I     'b  A       47ru.     3  A 

mental  formula  -;: — -  -\-  -  ■  ^ —  = —  ■  ^ —  reduces  to- 

0  r^       r      0  r  p         o  t 

'i'  A  47TU,       ^  A         ,  ,  ,   .    ,       .  , 

t; — -  = —  ■  ^r—    when  ;-  is  very  large,  which   is   the 

0  r^  p         0  t  JO 

same  equation  as  that  obtained  for  plane  waves  in 
Appendix  3,  if  the  capacity  term  is  neglected,  as  was 
shown  to  be  permissible  for  sea  water.  Bej'ond  a- 
certain  distance  from  the  cable,  therefore,  the  electro- 
magnetic disturbance  proceeds  outwards  in  the  form 
of  waves  with   a   v'elocity  v  =  VipfU^)- 

Next  considering  the  practical  case  of  a  cable  laid 
along  the  sea  bottom,  we  must  take  the  earth  or  rock, 
below  the  cable  as  being  of  low  conductivity  compared 
with  the  water,  so  that  the  bulk  of  the  return  current 
is  confined  to  the  latter.  The  mathematical  solution- 
of  the  distribution  in  this  case  would  be  an  extremely 
complex  matter,  but  from  general  considerations  it 
will  be  seen  that  the  current  tends  to  concentrate 
towards  the  cable  but   above  it. 

We  may  perhaps  form  a  rough  mental  picture  of  the 
field  distribution  in  this  case  by  regarding  the  return 
current  as  acting  as  if  it  were  concentrated  in  a  lamina 
above  the  cable,  or  more  simply  in  two  filaments  one 
on  each  side  above  it.  This  gives  a  distribution  not 
unUke  that  actually  obtained  in  Fig.  17,  but  this  applies 
to  the  field  beneath  the  surface. 
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The  matter  is,  however,  further  compHcated  by 
the  fact  that  the  electromagnetic  waves  proceeding 
outwards  from  the  cable  are-  refracted  and  reflected 
at  its  surface.  It  has  been  mentioned  above  that  the 
velocity  of  propagation  of  electromagnetic  waves  in 
a  conducting  medium  is  \^(pf/fj.)  compared  with 
3  X  io'°,\/(K' p.')  for  air,  so  that  the  "  refractive 
index,"  which  is  the  ratio  of  the  velocities,  is 
3  X  io'°  -^  Vipf)-  since  the  permeabilities  are  the  same 
and  K'=i.     For  a  frequency  of    lo  rv  per  second  and 


p  =  25  X  io9,  this  gives  a  refractive  index  of  6  x  10*, 
so  that  almost  complete  internal  reflection  should  be 
produced,  were  it  not  for  the  fact  that  the  wave-length 
in  the  water  at  this  frequency  A  =  \/[p/(/x/)]  is  500 
metres,  or  about  14  times  the  depth  in  the  experiments. 
The  whole  problem  therefore  resolves  itself  into  the 
distribution  of  current  and  magnetic  field  in  and  above 
a  semi-opaque  lamina  of  thickness  which  is  in  many 
cases  small  compared  with  the  wave-length,  and  it 
seems  necessary  to  investigate  it  experimentally. 


DISCUSSION    ON 

"STANDARDIZATION    RULES    FOR    ELECTRICAL    MACHINERY" 
(BRITISH    STANDARD    SPECIFICATION  N®.  72). 

Before  The  South  Midland  Centre,  at  Birmingham,  ii  Febru.\ry,  1920. 


Mr.  A.  R.  Everest  :  Six  j-ears  ago  a  discussion  upon 
this  subject  took  place  before  this  Territorial  Centre. 
Since  that  time  much  has  happened.  Following  a 
long  period  of  enforced  inactivity  due  to  war  conditions, 
the  International  Electrotechnical  Commission  has  now 
resumed  its  activities  ;  this  at  the  present  time  should, 
have  an  added  interest  for  members  of  the  Institution, 
since  our  President,  Mr.  Roger  T.  Smith,  attended  the 
I.E.C.  Meeting  at  Paris  last  May  as  Chairman  of  the 
British  delegation,  and  also  took  a  prominent  part  in 
the  I.E.C.  Plenan,'  Meeting  held  in  London  last  October. 
As  a  result  of  these  resumed  activities  many  of  the 
essential  points  which  were  still  unsettled  in  the  I.E.C. 
Rules  have  now  been  settled,  and  the  first  volume  is 
in  the  printer's  hands.  The  general  plan  is  that  the 
I.E.C.  Rules  shall  establish  the  essential  principles  as 
internationally  agreed,  the  various  countries  participat- 
ing then  each  preparing  its  own  set  of  National  Rules 
embodying  the  principles  laid  down  by  the  Commission 
and  a  new  edition  of  the  British  Standardization  Rules 
(E.S.C.72)  will  be  undertaken  in  the  immediate  future. 
The  preoccupation  due  to  war  conditions,  the  cessation 
of  export  business  and  concentration  of  domestic  business 
upon  Government  requirements,  together  perhaps  with 
a  certain  want  of  appreciation  of  the  new  methods  of 
rating,  have  all  operated  to  delay  the  adoption  of  a  new 
Standard  Specification  differing  from  the  practice  of 
the  past.  All  of  which  goes  to  show  that  the  present 
discussion  is  particularly  opportune,  and  its  conclusions 
should  be  of  material  assistance  to  the  Committee 
dealing  with  the  revision  of  British  Standard  Specifica- 
tion No.  72.  It  is,  therefore,  useful  to  consider  the 
extent  to  which  new  light  has  recently  been  thrown 
upon  the  subject. 

Overloads. — It    is   now   well   known    that   a   machine 


when  given  the  "  British  Standard  continuous  rating  " 
is  rated  for  the  highest  load  which  it  can  carry  for  an 
unlimited  period  without  exceeding  the  limits  of  tem- 
perature-rise allowed  by  the  Rules.  There  has  been 
much  misconception  regarding  the  feasibility  of  allowing 
a  machine  so  rated  to  take  overloads  in  e.xcess  of  its 
rating.  The  I.E.C.  Rules  are  now  so  worded  as  to  show 
clearly  that  the  rating  is  a  test  rating  for  comparison 
purposes,  and,  as  regards  service  conditions,  the  only 
limitation  found  in  the  Rules  is  that  the  machine  shall 
not  be  subjected  to  any  loads  which  cause  it  to  acquire 
a  temperature-rise  higher  than  that  allowed  under  the 
test  condition.  Clearly,  a  machine  when  starting  cold 
could  take  a  very  considerable  overload  while  still 
keeping  within  this  limit.  But  undoubtedly  there  are 
dangers  associated  with  very  excessive  overloads. 
Against  these  dangers  there  appears  to  be  at  present 
no  safeguard  in  the  British  Rules,  which  impose  no 
restriction  on  overload  except  in  terms  of  temperature- 
rise.  It  appears  desirable,  therefore,  that  there  should 
be  an  agreed  limit  upon  the  magnitude  of  the  sustained 
overload  to  which  a  Standard  machine  may  be  subjected. 
As  regards  momentary  overloads,  the  I.E.C.  Rules  now 
recognize  (note  to  Clause  9)  that  when  the  overload 
peaks  in  service  exceed  the  values  agreed  as  suitable 
limits  for  a  Standard  machine,  such  service  will  demand 
a  special  machine  with  a  special  kind  of  rating.  In 
the  case  of  a  Standard  machine,  therefore,  it  would 
appear  desirable  to  establish  recognized  limits  to  the 
magnitude  of  both  the  sustained  and  momentary 
overloads.  For  this  purpose  it  has  been  suggested 
that  a  sustained  overload  of  25  per  cent  for  half  an 
hour  should  be  recognized  for  all  motors  not  smaller 
than  5  h.p.  This  is,  of  course,  subject  to  the  rule  that 
■  the  standard   temperature-rise  must  not   be  exceeded. 
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but  it  is  considered  that  the  need  for  such  overload 
margin  occurs  chiefly  when  a  cold  motor  is  starting  cold 
machinery. 

Short-time  ratings. — As  regards  short-time  ratings 
httle  need  be  said,  as  the  method  of  rating  provided  in 
the  Rules  corresponds  to  that  which  has  been  general 
practice  for  some  time  past. 

Cooling  conditions. — The  "  British  Standard  "  rating 
(with  its  associated  limit  of  temperature-rise  is,  by 
the  Rules,  suitable  for  use  in  connection  with  cooling 
air  of  temperature  not  e.xceeding  40°  C.  (104°  F.)  as 
a  maximum.  The  need  for  additional  ratings  suitable 
for  use  under  tropical  conditions  on  the  one  hand,  and 
under  abnormally  cool  conditions  on  the  other  hand, 
have  been  discussed.  It  is  proposed  to  establish  a 
"  Tropical  Rating  "  with  an  appropriate  higher  limit 
to  the  maximum  temperature  of  cooling  air.  Whether 
this  shall  be  50°  C.  (120°  F.),  or  55°  C.  (131°  F.),  or  some 
other  value  is  not  yet  decided.  The  first-mentioned 
limit  would  reduce  the  permissible  temperature-rise 
under  rated  load  by  10  degrees  C,  while  the  second 
value  mentioned  would  involve  a  reduction  of  i  '5 
degrees  C.  of  the  temperature-rise  permissible  at  rated 
load,  as  compared  with  the  temperature-rise  allowed  on 
machines  intended  for  cooling  air  which  does  not  exceed 
40°  C.  Considered  recommendations  regarding  the  choice 
of  10  degrees  C.  or  15  degrees  C.  difference  for  this 
purpose  would  be  of  great  assistance.  As  regards 
machines  intended  for  cool  countries,  it  is  pointed  out 
that  those  when  used  indoors  are  generally  working 
under  conditions  not  very  different  from  those  in 
temperate  countries,  and  it  is  recommended  that  no 
special  modifications  shall  be  made  for  such  cases. 
Those  unusual  cases  in  which  a  machine  will  certainly 
be  required  to  operate  always  under  abnormally  low 
cooling  conditions  should  be  regarded  as  quite  special, 
and  designs  made  accordingly.  The  general  rule  for 
all  such  special  designs  would  be,  that  when  tested  under 
rated  load  the  temperature-rise  should  be  such  that 
when  added  to  the  temperature  of  the  cooling  conditions 
contemplated,  the  highest  temperature  obtained  must 
not  exceed  the  limits  of  total  temperature  indicated  in 
the  Rules. 

Measurements  of  temperature-rise. — Another  feature 
of  considerable  interest  is  the  method  recognized  for 
measuring  temperatures.  The  requirements  of  the 
earlier  edition  of  the  Rules,  that  temperature-rise 
measurements  of  field  coils  and  similar  windings  should 
always  be  by  resistance  method,  have  been  regarded 
as  impracticable,  particularly  as  regards  small  machines 
produced  in  large  numbers.  This  objection  has  been 
met  in  later  editions  of  the  Rules  by  permitting  these 
measurements  to  be  made  by  thermometer  alone, 
provided  that  readings  so  obtained  are  consistent  with 
the  limits  assigned  to  the  resistance  method,  as  shown 
by  complete  tests  taken  on  a  few  typical  machines. 
There  is  a  strong  feeling  among  engineers  that  for  turbo- 
alternators,  and  for  other  large  and  important  machines, 
the  temperature-rise  should  be  determined  from  measure- 
ments made  by  embedded  temperature  detectors  built 
into  the  machine  at  points  so  selected  as  to  give  indica- 
tion of  the  internal  temperature.  The  method  is  not 
unfamiUar — it  has  been  employed  in  a  number  of  special 


cases  in  this  country,  and  hts  been  used  extensively 
abroad,  both  in  America  and  on  the  Continent.  The 
last  (191 7)  edition  of  the  British  Standardization  Rules 
No.  72  recognizes  the  advantage  of  these  devices,  but 
provided  that  until  further  information  has  been 
accumulated  regarding  the  limits  associated  with  their 
use,  the  acceptance  of  the  machine  should  not  be  de- 
pendent upon  the  measurements  made  by  this  method. 
The  commission  has  not  as  yet  formulated  definite 
Rules,  but  they  have  submitted  for  the  consideration 
of  the  British  and  other  National  Committees  a  proposal 
on  the  following  lines  : — 

"  That  for  the  acceptance  tests  of  large  rotating 
machines  the  temperature  should  be  measured  by 
the  embedded  temperature  detector  method  for 
parts  where  this  method  would  be  applicable." 

It  is  not  considered  that  the  method  would  be  applic- 
able to  any  moving  parts,  but  that  it  would  be  applied 
to  windings  in  slots  on  the  stationary  part  of  a  machine, 
the  embedded  temperature  detectors  being  placed 
between  coil  and  adjacent  slot  wall,  and  between  coil 
and  coil  in  the  slot,  in  each  case  being  outside  the  coil 
insulation.  (The  insertion  of  embedded  temperature 
detectors  within  the  insulation  of  the  coil,  adjacent 
to  the  copper,  is  not  considered  feasible  for  commerical 
tests  on  account  of  the  risks  involved,  such  measurements 
belonging  essentially  to  research  tests.)  The  proposal 
is  that  this  method  of  temperature  measurement  should 
be  employed  for  the  stationary  windings  of  machines 
meeting  the  foregoing  conditions  when  such  machines 
are  wound  for  more  than  5,000  volts,  or  are  rated  for 
an  output  exceeding  750  k.v.a.,  or  if  the  stator  cores 
exceed  20  inches  axial  length.  The  proposal  contem- 
plates that  the  method  also  may  be  applied  to  the  wind- 
ings of  large  transformers,  provided  this  is  specified  in 
the  contract.  The  recognition  of  this  method  of  tem- 
perature measurement  for  the  acceptance  tests  involves 
also  the  establishment  of  limits  proper  for  the  tempera- 
tures when  so  measured,  and  the  British  Committee 
is  arranging  to  collect  evidence  with  a  view  to  forming 
conclusions  upon  this  important  point. 

Higl.-pressure  tests. — There  is  little  that  is  essentially 
new  in  connection  with  this  subject.  The  injurious 
effects  of  long  continued,  severe  high-pressure  tests 
are  becoming  more  and  more  recognized,  and  while 
the  one-minute  test  still  remains  as  the  standard, 
suggestions  have  been  made  regarding  the  desirability 
of  substituting  one  or  more  briefer  tests  of  liigher  value, 
allowing  time  between  such  tests  for  the  insulating 
material  to  return  to  its  normal  condition. 

It  is  hoped  that  this  brief  review  will  suggest  the 
principal  points  upon  which  discussion  might  be  use- 
fully centred  with  a  view  to  bringing  the  new 
Standardization  Rules  into  harmony  with  the  ideas 
suggested  by  the  best  engineering  experience.  Finally, 
it  may  be  noted  that  most  of  the  points  which  may  be 
regarded  as  still  unsettled  apply  essentially  to  machines 
of  large  size  and  high  voltage.  As  regards  the  smaller 
and  more  usual  size  machines,  the  explanatory  notes 
of  the  I.E.C.  Rules  as  now  being  issued  wOl,  no  doubt, 
tend   to   remove  any   obscurity    which  has  existed  re- 
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garding  the  advantages  to  be  gained  by  the  adoption 
of  a  standard  method  of  rating  which  shall  be  inter- 
national. 

Dr.  M.  Kahn  :  Mr.  Everest's  notes  on  the  Rules 
for  Electrical  Machinery  clear  up  a  number  of  contro- 
versial points  and  foreshadow  a  revised  edition,  which 
contains  several  important  improvements.  It  would 
be  of  considerable  help  if,  together  with  the  new  Rules, 
a  complete  series  of  explanatory  notes  of  the  various 
regulations  and  recommendations  were  issued.  The 
present  Rules  do  not  contain  any  standard  tests,  which 
are  necessary  to  ascertain  whether  electrical  machinery 
complies  with  the  guarantees  and  specifications  given 
in  connection  with  it.  This  refers  more  particularly 
to  efficiency  and  power  factor,  which  can  be  determined 
in  various  ways.  Standard  margins  which  can  be 
allowed  in  connection  with  these  guarantees  could  also 
be  embodied  in  the  Rules  on  the  lines  of  the  recommenda- 
tions of  the  B.E.A.M.A.  The  proposed  extension  of 
the  Rules  for  temperature  measurements  on  large 
generators  by  thermo-couples  or  resistance  coils  is  a 
step  in  the  right  direction.  In  large  modem  turbo- 
alternators,  where  the  eddy-current  loss  in  the  stator 
conductors  is  reduced  by  suitable  means  as  described 
in  Mr.  Taylor's  paper  on  "  Eddy  Currents  in  Stator 
Windings,"  the  temperature  gradient  between  conductors 
of  a  two-layer  winding  is  small,  and  if  a  temperature 
detector  is  inserted  between  the  top  and  bottom  coil 
of  such  windings,  it  will  indicate  the  temperature-rise 
of  the  conductors  pretty  closely  although  it  is  not  in 
direct  contact  with  the  copper.  Alternatively,  such 
detectors  may  be  placed  between  the  coil  and  the  wood 
or  fibre  wedge  closing  the  top  of  the  slot.  As  the  heat 
conductivity  of  the  wedge  is  low  the  temperature  gradient 
between  the  copper  and  the  outside  of  the  insulating 
tube  is  not  appreciable  at  this  point.  If  the  neutral 
of  the  alternator  is  earthed  a  few  detectors  can  be 
inserted  inside  the  mica  tube  close  to  the  copper  con- 
ductors in  the  coils  which  are  direct  connected  to  the 
neutral  point,  where  the  voltage  to  earth  is  in  consequence 
low.  The  readings  obtained  on  these  detectors  can  be 
compared  with  the  readings  of  detectors  placed  outside 
the  insulating  tubes  for  comparison,  and  the  leads  of 
these  detectors  can  then  be  cut  off  where  they  come 
out  of  the  stator  coil  if  this  appears  desirable.  The 
questions  arising  in  connection  with  self-starting  synchro- 
nous motors,  which  are  more  and  more  used  for  driving 
compressors  and  similar  machinery'  and  for  power- 
factor  correction  generally,  deserve  greater  attention. 
In  Clause  6  of  the  Rules  the  starting  torque  and  the 
starting  current  are  omitted  from  the  information 
required  with  inquiries  for  such  machinery.  Clause 
93  does  not  mention  that  the  pressure  induced  in  the 
rotor  windings  entirely  depends  on  the  pressure  applied 
to  the  stator  terminals  when  starting.  If  a  certain 
ratio  of  this  pressure  to  the  full  stator  voltage  has  been 
assumed,  this  ratio  should  be  given  with  directions  how 
the  test  pressures  are  to  be  altered  in  case  a  different 
ratio  is  employed.  In  Clause  93  (b)  a  rough  division 
is  made,  in  two  classes  of  motors,  of  exciter  pressures 
above  and  below  250  volts.  As  the  e.xciter  pressure 
largely  influences  the  voltage  to  which  the  rotor  windings 
are    subjected    during    the    starting    period,    a    further 


grading    of    test    pressures    depending    on    the    exciter 
voltage  seems  appropriate. 

Mr.  H.  'W.  Taylor  :  The  essential  feature  in  the 
latest  standardization  proposals  as  indicated  by  Mr. 
Everest  seems  to  be  a  rating  based  upon  a  continuous 
operation   and   not   a   rating,   as    has  hitherto   been   in 

i  vogue  in  Great  Britain,  which  is  associated  with  an 
overload  of  25  per  cent  for  2  hours.     British  engineers 

i  may  find  it  difficult  at  first  to  appreciate  this  new  method 
of  rating,  but  I  think  it  should  be  borne  in  mind  that 
inasmuch  as  the  conditions  under  which  motors  are 
used  vary  widely,  and  as  the  number  of  cases  in  which  a 
machine  is  required  to  exert  a  continuous  effort  are 
few,  any  method  of  rating  may  be  considered  to  be  a 
nominal  one  on  which  the  machine  may  be  tested.  The 
function  of  the  commercial  engineer  is  to  be  familiar 
with  the  method  of  rating  and  to  adopt  the  motors  on 
his  list  to  the  many  requirements  which  he  has  to  face 
m  practice.  Nominal  bases  of  ratings  have  been  in 
vogue  for  many  years  for  traction  and  crane  motors. 
I  notice  that  it  is  proposed  to  standardize  the  inlet 
temperature  as  40°  C.  for  British  work.  It  would  seem 
that  this  figure  is  rather  conser\-ative,  but  here  again 
the  commercial  engineer,  knowing  the  basis  of  ratmg 
as  regards  temperature,  will  apply  his  engineering 
knowledge  in  the  use  of  the  motor,  and  adapt  it  to  the 
actual  temperature  conditions  under  which  it  has  to 
operate.  With  regard  to  the  rating  of  large  machinery 
(I  speak  more  particularly  of  large  turbo-generators) 
I  believe  it  will  be  the  custom  in  the  future  for  purchasers 
of  such  machines  to  specify  firstly  the  actual  inlet 
temperature  with  which  the  machmes  are  expected 
to  operate,  and  secondly  that  under  these  conditions 
the  maximum  internal  temperatures  shall  not  exceed 
those  specified  by  the  I. E.G.  Rules.  In  this  way  the 
purchaser  wUl  not  be  expending  an  unnecessary  amount 
of  money  on  a  large  machine  rated  on  a  standardized 
inlet  temperature  which  is  higher  than  his  own  normal 
conditions.  Temperature  detectors,  however,  will  be 
installed  in  such  machines,  so  that  the  maximum  load 
on  them  can  be  graduated  to  temperature  variations 
from  the  normal,  as  for  instance  in  the  height  of  summer 
and  the  depth  of  winter.  With  regard  to  the  use  of 
such  machines  in  tropical  climates,  the  use  of  a  w-et 
air  filter  helps  considerably  in  reducing  the  initial 
temperature  at  which  the  air  enters  the  machine,  by 
reason  of  the  fact  that  as  the  atmospheric  temperature 
rises,  increasing  quantities  of  water  are  completely 
evaporated  into  the  air  as  it  passes  through  the  filter. 

!  Advantage  might  be  taken  of  this  by  operating  engineers 
in  determining  the  inlet  temperatures  at  which  such 
machines  will  normally  operate. 

Mr.  R.  Orsettich':  One  of  the  advantages  of 
the  new  rating  will  be  in  connection  with  machmes 
which  are  not  likely  to  require  an  overload  margin, 
such  as  fans,  compressors,  gas  engines  and  similar 
machines.  In  all  these  cases  it  will  be  possible  to 
select  a  machine  which  will  work  at  the  maximum  load 
required,  and  the  machine  will  therefore  work  with  a 
considerablv  higher  efficiency  than  is  usual  at  present. 
Apart  from  this,  in  the  case  of  alternating-current 
motors,  the  power  factor  will  be  considerably  increased, 
as  the  motor  will  be  less  likely  to  work  under-loaded 
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than  at  present.  In  par.  23  the  standard  frequency 
is  stated  to  be  50  cycles  :  in  view  of  the  fact  that  two 
very  large  industrial  districts  in  this  country  are  supplied 
with  power  at  25  cycles,  and  that  similar  large  supplies 
are  established  in  Canada  and  Australia,  it  seems 
desirable  to  consider  the  adoption  of  25  cycles  as  a 
second  standard  frequency.  In  par.  22  the  standard 
pressures  for  direct-current  motors  do  not  include  550 
volts  ;  as  on  the  other  hand  a  large  number  of  motors 
are  continually  required  for  connecting  up  to  traction 
systems,  it  seems  desirable  that  this  additional  pressure 
should  be  included.  The  short-time  rating  mentioned 
in  par.  38  has  given  rise  to  several  misunderstandings, 
since  there  is  no  explanation  as  to  how  this  rating  can 
be  used  in  practice,  and  it  leaves  entirely  open  to  the 
user  the  time  which  must  elapse  between  two  subsequent 
periods  of  work,  each  of  which  is  equal  to  the  short-time 
rating.  Par.  44  will  be  amended  to  cover  tropical 
conditions,  and  it  is  proposed  that  the  maximum  tem- 
perature-rise allowable  under  such  conditions  should  be 
15  degrees  C.  less  than  the  rise  allowed  for  normal 
conditions.  This  appears  to  be  preferable  to  10  degrees 
C,  only,  in  view  of  the  uncertainty  of  the  ambient 
temperature  obtaining  under  tropical  conditions.  The 
wording  of  Clause  59  as  to  the  duration  of  temperature 
tests  for  machines  with  continuous  rating  appears 
somewhat  doubtful,  and  it  is  suggested  that  in  order 
to  reduce  the  duration  of  the  test  a  temperature  gradient 
should  be  stated  of,  say,  i  degree  C.  per  hour,  and  that 
when  this  is  reached  the  test  could  be  finished  by 
making  an  allowance  for  the  additional  temperature. 
Par.  85  states  the  frequency  of  the  test  pressure  ;  it 
appears  desirable  that  also  the  output  of  the  generator 
used  for  the  pressure  test  should  be  given,  as  this  is 
usually  mentioned  in  most  specifications  and  the 
absence  of  any  ruling  might  give  rise  to  abnormal 
requirements  by  inspectors.  With  reference  to  par. 
103  and  the  following,  dealing  with  the  question  of 
name-plates,  it  appears  that  it  would  be  necessary  to 
look  into  this  matter  further,  as  the  items  specified 
to  be  given  on  every  name-plate  are  so  exceedingly 
numerous  that  it  would  be  difficult  to  accommodate 
them  on  a  name-plate  of  reasonable  size.  In  cases  of 
standard  machines  these  items  should  be  cut  down 
very  considerably. 

Mr.  A.  T.  Bartlett  :  A  close  examination  of  the 
specification  shows  it  to  be  remarkably  complete.  I 
am  glad  to  see  that  there  is  no  mention  of  the  pernicious 
"  flashing  "  test.  I  understand  that  it  has  been 
decided  to  allow  no  tolerance  in  the  matter  of  tempera- 
ture-rise, but  I  do  not  agree  with  this.  There  may 
iiave  been  very  good  reasons  for  fi.xing  a  definite  final 
temperature  for  the  various  insulating  materials  and 
allowing  no  tolerance,  but  there  are  errors  of  observation 
in  taking  temperature  runs  and  in  measuring  the  tem- 
peratures which  are  always  present  even  when  such 
tests  are  made  under  laboratory  rather  than  test-room 
conditions.  Two  runs  of  the  same  machine  under 
conditions  as  identical  as  can  be  arranged  will  almost 
invariably  give  results  differing  by  a  degree  or  two, 
whether  the  temperature  be  taken  by  thermometer 
or  by  the  resistance  method.  Why,  therefore,  should 
tolerance    be    withheld    as    regards    temperature-rises 


when  they  are  allowed  on  a  number  of  other  points  ?• 
Mr.  Everest  pointed  out  the  importance  of  an  interna- 
tional specification  as  helping  international  trade  ;  this, 
is  a  most  important  point.  In  Australia,  for  example, 
where  in  pre-war  days  Continental  machines  were 
competing  with  British  machines,  a  Continental  motor 
was  frequently  purchased  because  of  its  lower  price, 
owing  to  all  motors  of  a  given  horse-power  being  con- 
sidered to  have  the  same  output.  The  purchaser  was 
not  aware  that  the  Continental  motor  had  only  0-85. 
or  even  less  of  the  output  of  the  British  motor.  Another 
reason  for  such  a  specification  is  that  it  shall  become 
the  only  specification  and  in  this  way  free  our  designers 
from  having  to  deal  with  fancy  specifications  for  which 
the  only  reason  seems  often  to  be  a  desire  to  be  different. 
Mr.  Everest  says  that  it  is  to  be  fully  understood  that 
such  a  specification  lays  down  only  test  conditions  for 
comparing  machines  of  different  manufactures.  Such 
safeguards  cannot,  for  a  long  time  at  least,  have  any 
effect  on  the  rough  treatment  which  machinery  has 
always  to  undergo,  and  the  specification  is  not  intended 
to  limit  in  any  way  the  actual  duty  a  machine  has  to 
perform. 

Mr.  E.  J.  Kipps  :  According  to  Rules  No.  36,  3S 
and  So,  motors  for  intermittent  work  have  a  short-time 
rating  of  either  one  hour  or  30  minutes  for  temperature 
and  are  to  be  capable  of  withstanding  on  test  for 
30  seconds  a  torque  100  per  cent  in  excess  of  that  cor- 
responding to  the  short-time  rating.  The  difficulty 
of  fixing  a  time  for  a  continuous  run  at  full  load,  which 
shall  give  the  same  temperature-rise  as  the  same  load 
on  intermittent  runs,  was  evident  from  the  discussion 
of  a  paper  read  before  the  Institution  in  1906  by  Mr. 
C.  W.  Hill  {Journal  I.E.E.,  vol.  36,  p.  290).  From  that 
it  appears  that  30  minutes  is  too  long  for  a  continuous 
run  for  small  motors  for  loads  which  they  can  carry 
satisfactorily  on  intermittent  work  with  a  running 
time  of  2  or  3  minutes.  A  short-time  rating  of  15 
minutes  appears  to  cover  all  cases  of  crane  motors  used 
in  practice.  For  the  increased  load  which  a  certain 
motor  can  carry  on  a  15-minute  rating,  as  compared 
with  its  load  on  a  30-minute  rating,  there  will  be  a 
large  increase  in  the  temperature  gradient  between 
the  copper  wires  and  adjacent  parts  of  the  motor,  but 
if  the  temperature  of  the  armature  and  field  windings 
is  determined  from  the  increase  of  resistance,  there 
seems  no  objection  to  a  short-time  rating  of  15  minutes 
or  even  less.  Presumably  a  test  under  short-rating 
conditions  would  not  be  repeated  before  the  motor  had 
time  to  cool  down  to  atmospheric  temperature.  Why 
is  a   15-minute  rating  not  given  in   the  Rules  ? 

Mr.  H.  Joseph  :  I  should  like  to  endorse  the  remark 
of  Dr.  Kahn  that  it  would  be  of  considerable  utility 
if  the  Specification  in  its  final  form  included  some  stand- 
ard of  efficiency  for  motors.  I  would  suggest  a  table 
of  efficiencies  for  varying  sizes  of  direct-current  and 
alternating-current  machines.  While  endorsing  what 
was  said  by  a  previous  speaker  as  to  the  somewhat 
cumbersome  size  of  name-plate  required  to  embody 
all  the  information  enumerated  in  Clause  103,  I  think 
it  is  most  essential  that  stress  should  be  laid  on  the 
necessity  for  the  name-plate  to  show  the  rotor  current 
of  slip-ring  motors  as    indicated    in    Section    109    and. 
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I  would  add,  the  field  current  of  all  direct-current 
machines. 

Mr.  R.  G.  Jakeman  :  With  -regard  to  the  tempera- 
ture-rises, it  is  not  quite  clear  to  me  why  commutators 
and  slip-rings  are  only  allowed  a  maximum  temperature 
of  90°  C,  while  the  maximum  permissible  temperature 
for  mica  is  125°  C.  \\'ith  regard  to  field  coils,  the 
maximum  actual  temperature  is  103"  C,  and  the  maxi- 
mum temperature  by  resistance  95°  C.  The  difference 
takes  into  account  the  fact  that  the  mean  temperature- 
rise  is  measured  by  resistance,  and  I  should  like  to 
know  if  it  allows  for  the  deepest  coils  met  with  in 
practice.  A  difference  of  10  degrees  C.  seems  rather 
high  for  the  ordinar\^  thin  coils  on  large  machines. 
In  the  list  of  particulars  to  be  given  when  ordering,  I 
notice  that  rotary  converters  are  omitted. 

Mr.  A.  R.  Everest  {in  reply)  :  It  is  gratifying  to 
note  Dr.  Kahn's  opinion  that  the  explanations  and 
discussion  have  cleared  up  many  points  which  were 
obscure.  I  will  see  that  his  suggestion  regarding  the 
free  use  of  explanatory  notes  in  the  new  edition  of  the 
Rules  shall  reach  the  proper  quarters.  Dr.  Kahn 
.suggests  that  the  new  Rules  shall  contain  standard 
tests  for  the  verification  of  guarantees  on  efficiency 
and  power  factor.  Some  of  these  matters  are  already 
under  consideration  by  the  Rating  Committee.  His 
remarks  regarding  the  use  of  embedded  temperature 
detectors  are  distinctly  helpful.  \\"ith  reference  to 
the  suggested  introduction  of  embedded  temperature 
detectors  within  the  insulating  tube  and  adjacent  to 
the  copper  conductors,  such  methods  are  now  in  use 
for  research  purposes,  but  it  is  doubtful  whether  they 
ought  ever  to  be  admitted  for  the  commercial  tests 
to  which  the  Standardization  Rules  essentially  apply. 

Dr.  Kahn  suggests  that  the  subject  of  test  pressures 
for  the  field  windings  of  synchronous  motors  as  given 
in  Clause  93  needs  further  consideration  and  sub-division. 
The  clause  in  question  is  the  result  of  much  careful 
consideration  both  by  the  BE. A.M. A.  and  b\f  the 
Rating  Committee,  but  any  further  considered  recom- 
mendations from  the  B.E.A.M.A.  would  receive  every 
attention. 

Mr.  Taylor  recognizes  the  usefulness  of  embedded 
temperature  detectors,  not  only  in  the  initial  testing 
of  the  machine,  but  also  for  giving  a  continuous  indica- 
tion of  the  internal  temperature  during  service  operation. 
This  is  undoubtedly  of  great  practical  use  in  the  case 
of  large  turbo-generators,  particularly  as  indicating 
any  tendency  to  change  of  temperature  due  to  clogging 
of  the  ventilating  ducts.  Several  considerations  seem 
to  be  involved  in  the  suggestion  that  by  utilizing  these 
devices  ta  service,  the  output  of  a  large  turbo-generator 
may  be  controlled  with  reference  to  the  maximum 
permissible  limit  of  temperature,  thus  taking  advantage 
of  additional  output  available  where  the  coohng  air  is 
below  its  average  temperature,  as  in  winter  time,  or 
when  the  air  has  been  artificially  cooled  by  a  wet  filter. 
In  the  tropical  countries  to  which  Mr.  Taylor  refers,  the 
air  when  at  the  highest  temperature  is  frequently  at 
the  same  time  highly  saturated  with  moisture,  so  that 
Uttle  reduction  in  the  temperature  of  the  coohng  air 
would  result  at  such  times  from  the  use  of  the  wet 
filter.     As  regards  increased  output  to  be  obtained  in 


winter  time,  it  must  be  remembered  that  the  output 
available  from  the  prime  mover  is.  at  most,  only  a  few 
per  cent  greater  in  winter  than  in  summer,  therefore 
it  is  not  easy  to  see  how  any  larger  incftease  in  output 
of  the  generator  made  possible  by  abnormally  low 
temperature  could  be  utilized. 

Mr.  Orsettich  points  out  that  by  giving  better  attention 
to  the  selection  of  a  motor  with  respect  to  duty  required, 
improvement  in  efficiency  and  power  factor  will  result  ; 
this  is  certainly  desirable.  He  suggests  that  25  cycles 
should  be  recognized  as  a  standard  frequency  :  this 
point  will  no  doubt  be  further  considered  by  the  Electri- 
city Commissioners.  Regarding  the  short-time  rating, 
this  is  a  rating  estabhshed  for  test  purposes  in  which  a 
specified  load  is  apphed  to  a  machine  for  a  specified 
time,  starting  cold.  Machines  rated  in  this  way  are 
employed  particularly  on  intermittent  service,  such  as 
cranes,  hoists,  etc.,  and  it  is  obviously  necessary  that 
for  any  particular  service  a  short-time  rating  shall  be 
selected  which  is  thermally  equivalent  (i.e.  gives  the 
same  temperature-rise  as  the  intermittent  load  of  service 
conditions).  Obviously,  in  ser\dce  the  machine  can 
only  carry  its  full  load  for  a  time  equal  to  that  in  the 
rating,  when  the  subsequent  period  of  rest  is  long  enough 
for  it  to  cool  down  to  air  temperature  before  the  load 
is  again  apphed.  \\'hen  in  service  the  load  is  applied 
at  more  frequent  intervals  the  duration  of  the  load,  or 
its  magnitude,  or  both,  must  be  less  than  those  specified 
in  the  test  rating  in  order  that  the  final  result,  after 
repeated  apphcations,  shall  be  thermally  equivalent. 
When  a  customer  does  not  know  from  past  experience 
which  rating  is  suited  to  his  particular  service,  the 
engineer-salesman  should  be  able  to  ad\'ise.  Possibly 
some  explanatory  note  which  would  be  of  assistance 
might  be  introduced  in  the  Rules.  Mr.  Orsettich's  recom- 
mendation that  the  permissible  temperature-rise  of  the 
machine  should  be  reduced  15  degrees  C.  when  intended 
lor  tropical  conditions  agrees,  I  think,  with  the  general 
opinion.  Regarding  the  duration  of  temperature  tests 
for  machines  with  continuous  rating,  earher  Rules 
provided  that  the  test  should  be  continued  until  the 
rate  of  increase  of  temperature'  did  not  exceed  i 
degree  per  hour.  But  the  length  of  time  required  to 
attain  this  condition,  and  the  amount  of  difference 
still  existing  from  the  ultimate  constant  temperature 
condition,  both  depend  upon  the  thermal  time-constant 
of  the  machine.  Thus,  in  a  large  oil-filled  transformer, 
a  heat  run  at  rated  load  for  more  than  24  hours  would 
be  required  to  reach  the  i  degree  per  hour  condition, 
and  even  then  the  temperature  would  be  several  degrees 
short  of  its  actual  steady  value.  The  present  Rule, 
Clause  59,  assumes  that  the  shape  of  the  temperature 
curve  will  be  plotted  and  its  ultimate  value  thereby 
predicted.  It  is  possible  that  some  note  explanatory 
to  the  Rule  might  be  of  assistance  in  this  matter.  Mr. 
Orsettich  suggests  that  Clause  85  should  specify  a 
minimum  output  for  the  generating  plant  employed 
in  making  high-pressure  tests.  The  reply  is  that  any 
testing  equipment  which  is  too  small  to  maintain  the 
test-pressure  at  its  full  value  for  one  minute  when  apphed 
to  the  apparatus  under  test,  as  required  by  the  Rules, 
Clauses  85  and  87,  is  insufficient  for  the  purpose.  Nothing 
is    gained    by   specifj'ing   a    minimum    capacity   larger 
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than  that  required  to  meet  the  conditions  specified 
in  the  Rule. 

I  am  glad  to  hear  Mr.  Bartlett's  remarks  regarding 
the  assistance  which  may  be  expected  in  international 
trade  by  the  adoption  of  an  internationally  agreed 
basis  of  test  rating.  He  considers  that  the  temperature 
limits  should  be  allowed  tolerance  to  cover  errors  of 
observation  and  other  uncertainties  as  in  the  case  of 
the  measurement  of  other  characteristics.  Regarding 
this,  it  may  be  pointed  out  that  the  use  of  a  tolerance 
in  connection  with  a  value  always  carries  with  it  a 
"  resultant  maximum."  The  temperature  limits  given 
in  the  International  Rules  are  expressly  defined  as  being 
themselves  the  "  maximum  values  "  ;  hence,  if  a  toler- 
ance is  to  be  employed  it  must  be  based  on  such  lower 
value  that  with  the  tolerance  added  the  "  maximum  " 
is  not  exceeded. 

Mr.  Kipps  refers  again  to  the  short-time  ratings  and 
suggests  that  it  would  be  desirable  to  add  a  i5-minute 
rating  to  the  standards  recognized.  If  the  makers 
agree  as  to  its  desirability  there  should  be  little  difficulty 
with  regard  to  its  recognition. 

Mr.  Joseph  would  like  to  see  in  the  Rules  a  table  of 
standard  efficiencies  for  various  sizes  of  alternating- 
current  and  direct-current  machines.  This  is  a  matter 
which  is  largely  in  the  hands  of  the  makers  themselves. 
If  they  were  to  agree  upon  the  values  of  the  efficiency 
suitable  for  the  purpose,  such  lists  might  be  usefully 
included   in   the   Rules. 

Mr.  Jakeman  asks  why  the  limiting  temperature  for 


commutators  and  slip-rings  is  lower  than  that  allowed 
for  the  mica  insulation  between  the  segments  of  a  commu- 
tator. The  reply  is  that  the  temperature  of  the  commu- 
tator has  to  be  considered  not  only  as  regards  its  effect 
upon  the  mica,  but  upon  the  insulation  of  the  adjacent 
windings,  soldered  joints,  and  upon  the  brushes  and 
commutation  generally.  It  is  expected  that  the 
revised  British  Rules  will  embody  a  clause  recently 
introduced  into  the  International  Rules,  which  permits 
commutator  temperatures  higher  than  the  usual  limits, 
subject  to  special  guarantees  which  are  to  be  given 
regarding  the  performance.  As  regards  Mr.  Jakeman's 
comments  in  connection  with  the  temperature  limits 
allowed  for  field  coils  by  resistance  measurement  and  the 
probable  hottest  internal  temperatures,  it  must  be 
pointed  out  that  the  British  Rules  agree  with  the  I.E.C. 
Rules  in  defining  the  working  limits  in  terms  of  the 
"  observable  "  temperatures  as  measured  by  the  resist- 
ance of  the  windings  as  a  whole.  The  remarks  in  the 
Appendix  regarding  the  hottest  internal  temperatures  are 
not  intended  as  Rules,  but  as  information  indicating  the 
general  relationship  between  the  working  limits  assigned 
in  the  Rules  and  the  probable  internal  temperatures. 

Several  speakers  have  pointed  out  that  the  section 
dealing  with  information  to  be  given  when  ordering  is 
not  at  present  complete.  This  is  fully  realized.  As 
regards  information  to  be  given  on  the  name-plates, 
opinions  evidentlv  differ,  some  considering  that  more 
should  be  given,  while  others  consider  there  is  already 
too  much  demanded. 
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DISCUSSION    ON 

"TRANSFORMERS    FOR    ELECTRIC    FURNACES."* 

North-Eastern  Centre,  at  Newcastle,  9  February,  1920. 


Mr.  V.  Stobie  :  The  author  seems  to  be  afraid  of 
the  breakdown  of  transformers  due  to  tappings.  He 
has,  of  course,  had  considerable  experience  with  trans- 
fftrmers  and  will  doubtless  be  aware  of  more  breakdowns 
than  I  have  heard  of  due  to  tappmgs,  but  I  think  his 
suggested  remedies  are  not  quite  the  ideals  which  he 
considers  them  to  be.  I  have  not  had  any  breakdowns 
on  furnace  transformers  due  to  tappings,  and  as  the 
main  difficulty,  according  to  the  paper,  seems  to  be  that 
workmen  may  not  sufficiently  insulate  such  tappings, 
my  ad\"ice  would  be  that  no  tappings  should  be  insulated 
except  in  the  presence  of  a  qualified  person  in  charge 
of  the  work.  As  the  author's  alternatives  to  tappings 
are  very  costly,  I  consider  the  extra  cost  of  such  super- 
vision to  be  an  exceedingly  good  investment.  Such 
breakdowns  as  I  have  experienced  have  been  mainly 
at  the  rounded-off  corners  of  the  oblong  high-tension 
windings  of  shell-type  transformers,  and  I  believe 
have  mainly  been  due  to  abrasion  of  the  windings 
resulting  from  the  repeated  reversals  of  mechanical 
stresses  in  the  transformers  after  shrinkage  of  the 
insulation.  The  abrasion  of  the  insulation  is,  I 
consider,  a  far  more  important  question  than  the 
mechanical  stresses  themselves,  to  which  reference  is 
made  on  page  2 1 1  of  the  paper.  I  have  always  advocated 
the  use  of  plenty  of  reactance  in  furnace  transformers 
rather  than  the  cutting  down  of  the  reactance  of  the 
transformers  and  the  provision  of  reactance  in  the  furnace 
leads.  I  recall  an  instance  where  I  specified  quite  a 
high  reactance  for  some  transformers,  and  on  finding 
great  local  heating  in  the  transformer  windings  I  had 
the  transformers  opened  out.  In  order  to  get  the  high 
reactance,  the  transformer  makers  had  sandwiched 
reactance  iron  amongst  the  windings.  \\Tien  con- 
sidering some  other  point  in  the  design  of  that  same 
transformer,  possibly  in  some  office  at  the  other  end  of 
the  maker's  works,  the  transformer  was  arranged  to 
have  oil  ducts  much  too  small  for  efficient  ventilation. 
It  seems  strange  that  in  such  cases  transformer  makers 
should  adopt  such  a  mixture  of  ideas  instead  of  obtaining 
the  required  reactance  by  increasing  the  size  of  the 
ventilating  ducts.  The  heating  which  arose  in  the 
special  reactance  iron  mentioned  was  such  as  to  char 
the  high-tension  insulation,  and  the  transformer  had 
to  be  rewound.  In  regard  to  the  future  of  large  furnaces, 
I  am  much  more  optimistic  than  the  author,  and  I  can 
Bee  no  difficulty  whatever  in  increasing  the  size  of  a 
single  unit  up  to  any  capacity  that  could  be  worked 
metaUurgically  in  a  steel-works.  There  is  no  need  to 
adopt  fanciful  pol^-phase  currents  for  large  furnaces. 
Instead  of  having  4,  6,  8,  10,  etc.,  phases  as  the  furnaces 
increase  in  size,  all  that  is  necessary  is  to  ha\e  two 
two-phase,  two  three-phase,  three  three-phase,  and  so 
on,  keeping  down  the  complexity  of  the  connections 
and   multiplying  the  single  unit  electrically. 

•  Paper  by  Mr  J   L.  Thozipson  (iee  pages  201  and  301). 


Mr.  H.  W.  Clothier  :  With  reference  to  the 
danger  of  short-circuits  between  the  interleaved  low- 
pressure  conductors,  I  suggest  that  there  would  be  less 
risk  if  the  edge  of  the  conductors  of  one  pole  were 
stepped  a  small  amount,  say  ^  inch,  below  the  edge  of 
the  other  conductors.  The  proper  remedy  for  the 
failure  of  insulation  of  switchgear  and  transformer 
terminals  is  the  careful  enclosure  in  metal,  and  seahng 
in  compound  or  oil,  of  all  conductors  and  surfaces  of 
insulators.  At  all  situations  there  is  a  risk  of  arcing 
across  air  spaces  owing  to  inconstancy  in  the  insulation 
of  air  and  the  effect  of  acid-laden  air  and  moisture  on 
exposed  insulating  surfaces.  In  furnace  equipments 
this  risk  is  particularly  prevalent,  as  the  air  is  frequently 
impure.  Moreover,  owing  to  the  inductive  nature  of 
the  load,  and  sometimes  to  the  peculiar  connection 
required  for  boosting  and  regulating,  unexpectedly 
high-potential  stresses  occur  in  places  during  switching 
operations.  These  momentan,-  shock  stresses  are  more 
easily  resisted  under  oil  or  compound  than  in  air. 

Mr.  S.  A.  Stigant;  I  was  very  pleased  to  sej  that 
reinforcement  between  turns  is  advocated  by  the 
author,  especially  where  tappings  are  brought  out, 
which  of  course  appUes  whether  the  tappings  are  brought 
out  from  the  ends  or  from  the  centre  of  the  winding. 
In  certain  directions  the  tendency  seems  to  be  rather 
to  discount  the  necessity  for  this  reinforcement  when 
tappings  are  situated  at  the  centre  of  the  windings. 
^\■hile  it  cannot  but  be  agreed  that  tappings  at  the 
ends  of  the  windings  may  be  subjected  to  hea\'ier 
\-oltage  shocks  thm  those  in  the  centre,  there  still 
remains  the  possibi'ity  of  obtaining  abnormal  voltage 
stresses,  by  the  mechanism  of  wave  reflection,  on  open- 
ended  tappings  even  when  these  are  situated  in  the 
centre  of  the  windings.  To  my  own  knowledge  one 
case  at  least  of  such  a  breakdown  has  occurred  on  a  large 
transformer  in  this  district,  and  I  beheve  that  quite 
an  appreciable  amount  of  this  sort  of  trouble  has  been 
experienced  in  the  States.  There  are,  of  course,  several 
methods  adopted  for  minimizing  or  eliminating  the 
trouble,  and  these  consist  in  principle  either  of  paraUehng 
the  unused  tappings  or  of  entirely  disconnecting  those 
parts  of  the  windings  which  are  temporarily  not  re- 
quired. With  regard  to  the  ratio  of  copper  to  iron  loss, 
the  author  and  I  have  already  crossed  swords  over  this 
matter  and,  while  the  influence  of  this  ratio  on  the 
efficiency  and  cost  of  open-circuit  losses  is  not  important 
in  furnace  transformere,  it  has  a  ver\-  serious  effect  on 
the  maximum  permissible  overload  and  temperature  rise 
to  which  the  transformer  mav  be  subjected.  With  a 
high  copper  to  iron  loss  ratio,  and  for  a  given  maximum 
temperature  rise,  the  permissible  maximum  overloads 
are  very  small,  while,  conversely,  with  a  low  ratio 
appreciable  overloads  mav  be  obtained  without  an 
undue  increase  in  temperature  rise.  As  an  instance 
of  this,  if  a  transformer  is  designed  to  give  a  temperature 
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rise  of  40  degrees  C.  at  normal  full  load  with  a  copper 
to  iron  loss  ratio  of  3,  a  50  per  cent  overload  will  produce 
a  temperature  rise  of  approximately  88  degrees  C, 
whereas  with  a  ratio  of  033  the  same  overload  will 
only  produce  a  temperature  rise  of  approximately 
53  degrees  C,  the  ratios  quoted  being  those  which  occur 
at  normal  full  load.  Experience  in  this  district  tends 
to  show  that  bracing,  to  avoid  destruction  of  windings 
due  to  a  fault  between  turns,  is  not  so  much  an  imprac- 
tical possibility  as  totally  unnecessary.  The  present- 
day  automatic  protective  devices  usually  employed 
disconnect  the  faulty  transformer  during  the  period 
in  which  the  fault  is  local  only,  and  therefore  confine 
it  to  the  particular  coil  in  which  the  short-circuit 
occurs  ;  and  it  is  very  infrequent  that  other  coils  become 
distorted  in  any  way  due  to  such  a  fault.  The  hfe  of 
the  transformer  is  intimately  bound  up  with  a  proper 
design  of  the  internal  oil-circulating  system,  and  while 
the  author  advocates  the  provision  of  numerous  venti- 
lating ducts  it  should  be  borne  in  mind  that  a  large 
number  should  not  be  sought  for  at  the  expense  of  the 
dimensions  of  the  ducts.  It  is  much  more  important 
to  provide  a  smaller  number  of  sufficiently  wide  ducts 
of,  say,  not  less  than  J  inch  in  width,  so  that  one  gets 
a  substantial  body  of  oil  in  circulation,  rather  than  a 
larger  number  of  narrow  ducts  which  are  always  liable 
to  facihtate  sludging.  This,  of  course,  does  not  mean 
that  one  should  go  to  extremes.  For  instance,  in  shell- 
type  transformers  it  is  not  desirable  to  concentrate 
the  whole  of  the  winding  in  a  few  thick  coils  with  very 
wide  ducts  between.  A  case  recently  occurred  of  the 
failure  of  a  single-phase  transformer  from  a  short- 
circuit  between  turns,  and  upon  dismantling  the  trans- 
former it  was  found  that  practically  the  whole  of  the 
high-tension  winding  had  its  insulation  completely 
charred,  so  much  so,  that  it  was  impossible  to  remove 
the  coils  without  them  falling  to  pieces.  This  condition 
was  entirely  due  to  an  inferior  design  of  the  internal 
oil-circulating  system,  and  it  is  worthy  of  note  that  the 
only  overload  carried  by  the  transformer  was  about  15 
per  cent  for  a  week  or  so.  The  author  states  that  only 
the  high-pressure  leads  required  should  be  brought  out 
of  the  case,  the  remainder  being  maintained  under  oil- 
level.  A  large  number  of  transformers  have  been 
supplied  for  ser\dce  in  this  district,  and  experience 
shows  that  there  is  no  reason  why  all  leads  should 
not  be  brought  outside  the  case  though,  as  stated  in 
the  paper,  the  line  leads  should  be  brought  through 
separate  insulators.  In  fact,  Fig.  2  shows  the  type  of 
high-tension  terminal  through  the  case  which  is  referred 
to,  and  although  slight  troubles  have  been  experienced 
at  various  times  they  have  on  the  whole  been  neghgible. 
From  an  operation  point  of  view  one  of  the  main  dis- 
advantages of  the  rectangular  shell-type  transformer 
where  the  plates  are  built  up  separately  round  the  coils, 
is  that  if  the  transformer  breaks  down  it  has  to  be 
returned  to  the  manufacturers  for  repair,  entailing 
delay  and  additional  expense.  Admittedly  this  aspect 
is  of  more  importance  with  ordinary  power  trans- 
formers, but  it  might  also  apply,  in  perhaps  a  lesser 
degree,  to  furnace  transformers.  Core-type  trans- 
formers can  usually  be  repaired  on  site,  it  being  only 
necessary  to   obtain   new   high-tension  coils   (on  which 


faults  more  often  occur)  from  the  makers.  For  furnace 
transformers  carrying  low-tension  currents  of  the  order 
of  5,000  amperes  this  practice  might  still  be  adhered  to. 
Regarding  mechanical  stresses,  the  author  states  that 
it  is  not  so  much  the  influence  of  the  magnitude  of  the 
forces  which  are  shown  to  be  relatively  small,  as  the 
frequency  with  which  they  occur.  It  should  be  pointed 
out  that  in  this  connection  special  attention  should  be 
given  to  providing  adequately  wide  oil  ducts  as  previously 
referred  to.  If  the  heat  generated  in  the  windings  is 
not  dissipated  properly,  or  if  the  transformer  is  subject 
to  heavy  overloads,  the  insulation  may  become  very 
brittle  so  that  wholesale  flaking  off  may  occur  in  the 
event  of  any  movement  between  adjacent  conductors, 
such  as  is  liable  to  take  place  when  switching  in  a  trans- 
former or  at  the  moment  of  an  external  short-circuit,  and 
a  serious  local  short-circuit  will  result.  In  view  of  the 
high  temperatures  (due  to  their  particular  location) 
to  which  the  transformers  are  liable  to  be  subjected. 
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I  think  somewhat  thicker  insulation  might  be  placed 
on  all  turns,  though,  of  course,  this  would  necessitate 
possibly  a  slightly  larger  core  and  more  expensive 
transformers.  This  would  give  the  insulation  more 
"  body  "  and  enable  it  better  to  withstand  higher 
temperatures.  Obviously  the  thickness  should  not 
be  increased  to  such  an  extent  as  to  produce  a  higher 
temperature  gradient  in  the  windings.  Here  again 
it  is  not  suggested  that  extreme  measures  should  be 
taken.  The  author's  figures  regarding  the  influence  of 
power  factor  on  the  mechanical  forces  are  particularly 
illuminating,  as  this  aspect  is  quite  often  overlooked. 
Fig.  F  herewith  shows  the  relation  between  power 
factor  and  short-circuit  current.  From  a  study  of  this 
diagram  it  will  be  seen  that  even  a  low  power  factor 
has  its  compensation,  and  although  this  occurs  only 
over  certain  limited  periods  it  does  so  when  most 
required. 

Mr.  G.  E.  Taylor  also  took  part  in  the  discussion. 
The  substance  of  his  remarks  will  be  found  on  page  217 
in  the  discussion  before  the  Institution. 

Mr.  J.  L.  Thompson  (in  reply)  :  Mr.  Stobie  has 
hardly  interpreted  correctly  the  author's  remarks  as 
regards    tappings.     The    trouble    experienced    has    not 
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been  at  the  actual  tapping  points  on  the  winding, 
but  has  been  due  to  their  position  at  the  end  of  the 
winding,  causing  an  auto-transformer  effect.  Also, 
failure  of  the  switchgear  which  is  connected  to  these 
tappings  has  been  a  source  of  trouble.  If  no  tappings 
were  used,  the  above  causes  of  trouble  or  sources  of 
weakness  would  be  eliminated.  The  author  agrees 
that  abrasion  of  the  insulation  due  to  imperfect  clamp- 
ing, etc.,  has  been  the  cause  of  trouble.  Shrinkage 
under  normal  conditions  in  a  shell-type  transformer  is 
non-existent,  but  if  the  low-tension  bars  vibrate  due 
to  heavy  oscillating  loads,  abrasion  of  insulation  may 
result.  The  use  of  magnetic  shunts  for  obtaining  high 
reactance  values  is  quite  a  sound  proposition,  but  care 
must  be  taken  in  such  designs,  as  local  heating  may 
take  place  with  an  incorrect  design.  This  is  probably 
what  occurred  in  the  case  quoted  by  Mr.  Stobie.  The 
latter's  suggestion  for  large  units  is  interesting,  but 
in  these  cases  a  large  number  of  electrodes  would  be 
required,  necessitating  special  attention  to  the  roof 
structure  of  the  furnace. 

Mr.  Clothier's  suggestion  of  stepping  the  low-pressure 
bars  is  ingenious,  but  hardly  necessary.  This  stepping 
.would  increase  the  losses  in  the  low-pressure  lay-out 
and  also  the  impedance.  For  instance,  if  4-inch  bars 
were  used  and  stepped  ^  inch,  the  impedance  of  the 
lay-out  would  be  mcreased  6 J  per  cent.     Mr.  Clothier's 


remarks  regarding  totally  enclosed  leads  were  fully 
dealt  with  in  the  author's  reply  to  the  London  dis- 
cussion (page  220). 

Mr.  Stigant's  remarks  about  insulation  of  tappings 
are  in  part  correct,  but  the  tappings  do  not  require 
the  same  reinforcement  as  end  turns.  The  insulation 
here  is  required  from  the  point  of  view  of  mechanical 
safetv,  rather  than  for  safeguard  against  surge  voltages. 
The  question  of  ventilation  of  the  winding  is  very 
important  and  experience  on  this  question  is  the  safest 
teacher.  If  the  temperature  can  be  maintained  uni- 
form throughout  the  windings,  the  problem  of  ventila- 
tion is  solved,  and  the  only  way  to  do  this  is  to  have 
numerous  oil  ducts  distributed  evenly  throughout  the 
winding.  Mr.  Stigant's  suggestion  of  J-inch  ducts 
cannot  be  justified,  except  for  large  units  having  long 
oil  ducts.  The  question  of  sludging  is,  in  most  cases, 
non-existent  if  good  oil  be  used.  The  author  does 
not  state  that  all  loads  should  not  be  brought  out  of 
the  transformer  case,  but  owing  to  the  conditions  of 
service  of  furnace  transformers  it  is  undesirable  to 
bring  out  more  than  are  absolutely  required.  The 
question  of  repair  has  been  dealt  with  by  the  author 
in  his  reply  to  Dr.  Kahn  (page  305).  If  the  insulation 
used  were  heavier  throughout,  the  transformer  would 
have  a  longer  life  if  the  oil  ducts  were  not  sacrificed  in 
consequence,  but  of  necessitj-  the  co3t  would  be  heavier. 


North-Western  Centre,  at  Manchester,  27  January,  1920. 


Mr.    H.    G.    Furlong  :    I   agree  generally  with  the 
author's  opening  remarks,  but  I  wish  to  protest  against 
the  comparison  which  he  makes  between  the  core  type 
and  the  shell  type  on  pages  205  and  206.     Some  of  the 
disadvantages    attributed   to   the   core    type   are   more 
imaginary  than  real,  and  some  of  the  advantages  claimed 
for  the  shell  type  are  equally  applicable  to   the  core 
type.     In  the  latter  the  coils  surrounding  the  core  are 
no   more   liable   to   damage   during   manufacture   than 
thej'  are  in  the  shell  type,  because  the  same  precautions 
can  be  taken.     They  may  be  liable  to  damage  during 
shipment,  or  during  unpacking  by  the  customer  in  cases    ^ 
where  the  transformer  and  tank  are  packed  separately,    ' 
but    as    the   majority   of   transformers    are    dispatched 
complete  in  their  tanks  this  danger  is  almost  entirely 
eliminated.     The   unequal   lengths   of   the   low-pressure 
leads,  the  number  of  heavy  joints,  and  the  question  of 
ventilating  ducts  are  almost  entirely  matters  of  design. 
If   the   core-tvpe   transformer   is   placed    in    a   vertical 
position   in  its  tank,   as  is  the  standard  practice  with 
power  transformers,  there  is  a  difficulty  in  arranging  the 
low-pressure  leads  all  the  same  length,  but  there  is  no 
reason  at  all  why  the  core-type  transformer  should  not 
be  placed  in  a  horizontal  position  in  its  tank  and  thus 
overcome  these  difficulties.     At  the  same  time  this  will 
get  over  the  objection  which  the  author  has  v/ith  regard 
to  cooling  bj'  radial  oil  ducts.     I  agree  with  him  that 
they  are  of  very  little  use  if  the  transformer  is  in  a 
vertical  position  ;  but  so  far  as  cooling  is  concerned  there 
is  no  necessity  to  place  the  transformer  in  a  horizontal 
position,  because  ample  ducts  can  be  left  between  the 
inside  circumference  of  the  coil  and  the  core  of  a  greater 

Vol.  58. 


width  than   is  possible   with  the   shell  type.     Coupled 
with  the  radial  duct  a  much  better  circulation  of  oil 
will  be  obtained.     The  author  states   that  there  is  a 
difficulty  in  making  joints  on  core-type  transformers. 
The  last  two  slides  shown  on  the  screen  illustrated  coils 
wound  in  a  continuous  length.     Those  coils  are  suitable 
either  for  the  core-type  transformer  or  for  a  circular 
shell  t3^pe.     The  same  machine  is  capable  of  winding 
coils  for  a  rectangular  shell-type  transformer,  and  both 
circular   and   rectangular   turns   can   be   wound   in   one 
continuous  length,    so    that   the  difficulty  of  joints   is 
entirely  overcome.     I  should  like  the  author  to  explain 
more  explicitly  the  difference  between  the  two  types,  in 
losses   under  load   due   to   the   direction   in  which   the 
leakage  flux  between  the  primary  and  secondary  windings 
cuts   the   punchings.     The   only   difference   that    I   can 
see  is  that  in  Fig.  3  an  end  view  of  a  core-type  trans- 
former is  shown,  so  that  the  field  does  actually  cut  the 
punchings  at  a  right  angle  ;   but  if  the  core  were  turned 
so  that  it  is  at   right    angles    to    the    other   two    sides 
of  the  core  the  leakage  flux  will  cut  the  punchings  in 
a  parallel  direction.     Fig.   4   shows  an    approximately 
re^'erse  position  of  the  transformer  to  Fig.  3.     I  agree 
that  on  the  rectangular  shell  type  there  is  a  greater 
length  of  core  on  which  the  leakage  flux  would  cut  the 
punching  in  a  direction  parallel  to  the  laminations,  but 
at  the  same  time  there  is  a  greater  amount  of  iron  in 
the  rectangular  shell  type  than  in  the  core  type,  so  per- 
sonally I  do  not  consider,  so  far  as  the  losses  due  to 
leakage    flux    are    concerned,    there    is    anj'    difference 
between     the     two     types.     The    author     also     states, 
[    regarding  core-type  transformers,  that  if  \-oltage  varia- 
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tion   is   required   by   means   of   high-pressure   tappings 
the   low-pressure   coils   adjacent   to   the   cut-out   high- 
pressure  coils  will  carry  little  or  no  load  due  to  their 
increased    reactance.     Regarding '  the   shell-type   trans- 
formers he  states  :    "  The  central  position  of  the  high- 
pressure  tappings  reduces  to  a  minimum  the  unbalan- 
cing of    the    load   in   the    low-pressure    coils."     Surely 
he  does  not  design  core-type  transformers  for  furnace 
work  with  high-pressure  tappings  unless  they  are  put 
in  the  centre  of  the  winding  so  as  not  to  interfere  with 
the  reinforced  turns,   or  materially  affect  the  balance 
of  load   in   the  low-pressure   parallel  coils.     The   same 
arrangement  can  be  made  on  the  core  type  as  on  the 
shell  type.     On  page   205  the  author  says  with  refer- 
ence to  core-type  transformers  :    "A  strong  and  good- 
looking  piece  of  apparatus  can  be  made  with  this  con- 
struction,   provided    good    workmanship    is    available." 
I  should  like  to  add  to  that  and  say  :    "  Can  be  made 
•with  either  core-type  or   shell-type  transformers,   pro- 
vided  good    design    and    workmanship    are    available." 
One  is  useless  without  the  other.     I  can  quite  under- 
stand the  author's  remarks  if  he  was  referring  to  such 
a  transformer  as  is  shown  in  Fig.  3.     It  is  quite  impossible 
in    that   particular   transformer   to    get    any    adequate 
cooling   surface.     Circulation   of  oil  is  impossible,   due 
to  the  faulty  design  of  the  yoke  clamps.     The  oil  which 
is  in  the  inside  between  the  coils  and  the  core  cannot 
get  away,  and  the  result  is  that  the  coils  would  very 
soon    heat    up    and    burn    out.     These    remarks    apply 
equally   well    whether   the    transformer   is    for    use    on 
furnace  work,  power  work  or  lighting  work.     I  presume 
the   illustration    has   been   included    to   show   the   core 
type    in    its    worse    form.     I    do    not    believe    for    one 
moment  the  author  intended  to  represent  Fig.   3  as  a 
really  typical  design.     With  regard  to  tappings,   I  am 
in    entire   agreement   with   the   author.     These    should 
certainly  be  placed   so   as  not   to   affect  the   end-turn 
reinforcement,    the    distribution    of    load    in    the    low- 
pressure  conductors  to   any  great  extent  or,   likewise, 
the  reactance.     If  tappings  can  be  omitted  the  trans- 
former will  then  be  very  much  more  reliable.     Boosters 
or  induction    regulators    could    be    used   for  regulating 
the  voltage,  and  if  these  break  down  the  main  trans- 
former can  still  be  used  for  working  the  furnace  as  the 
author  suggests.     The  author  showed  some  photographs 
on  the  screen  with  tappings  similar  to  those  in  Fig.  2. 
The    liigh-pressure    leads    and    tappings    appear    to    be 
brought  through  single  bushing  and  tied  together  with 
string.     I  should  imagine  with  this  type  of  construction 
a  considerable  amount  of  trouble  would  be  caused  by 
flash-overs  between  the  tappings  due  to  surges.     What 
experience  has  the  author  had  in  connection  with  this 
type  and  does  he  not  find  it  more  advantageous  to  keep 
the  tappings  entirely  under  oil  ?     The  author's  patent 
for  obtaining  half  turns  is  very  ingenious,  but  I  should 
imagine  that  considerable  difficulty  would  be  experienced 
due  to  this  extra  length  of  low-pressure  lead  which  is 
necessary  to  bring  the  half  turn  from  the  bottom  of  the 
transformer   through   the   top   of   the   tank.     I    should 
also  imagine  that  a  considerable  amount  of  additional 
reactance  would  be  caused  and  also  additional  losses, 
due  to  the  half  turn  encircling  the    bottom   cast-iron 
base    and    the   top   casting.      Another   trouble   would 


be  that  the  heavy  leads  will  have  to  be  jointed 
at  the  bottom  of  the  transformer  where  it  is  almost 
impossible  to  inspect  them.  If,  however,  these 
objections  could  be  overcome  his  patent  would  make  it 
possible  in  certain  cases  to  obtain  very  much  more 
economical  proportions  of  material  in  the  shell-type 
transformer.  Furnace  lay-outs  are  not  always  scientifi- 
cally designed.  This  work  is  usually  in  the  hands  of 
the  furnace  manufacturers,  with  the  result  that  there 
are  very  few  (if  any)  lay-outs  in  this  country  that  could 
not  be  considerably  improved.  It  would  be  a  con- 
siderable advantage  if  manufacturers  of  transformers 
and  furnaces  could  get  together  and  discuss  these 
points,  especially  as  in  a  great  many  instances  the 
buyer  of  the  furnace  insists  upon  the  furnace  and  the 
transformer  being  placed  in  a  given  spot,  without  any 
consideration  being  given  as  to  whether  the  position 
is  satisfactory  or  not. 

Professor  Miles  Walker  :  The  author  has  referred 
to  the  reactance  of  the  leads  to  the  transformers. 
That    is    a    matter    which    has    claimed    the   attention 
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of  electrical  furnace  engineers  in  recent  times.  A 
great  deal  of  trouble  has  arisen  through  careless 
laying  out  originally,  and  very  often  it  has  been  difficult 
to  reduce  the  reactance  to  the  right  amount.  In  this 
connection  I  believe  that  many  engineers  who  are 
dealing  with  the  naatter  do  not  fully  appreciate  the 
fact  that  we  can  reduce  the  reactance  just  as  well  by 
increasing  the  diameter  of  the  leads  as  by  reducing 
the  area  enclosed  by  them.  In  cases  where  it  is 
impossible  to  reduce  the  area  enclosed  we  can  sometimes 
make  a  good  lay-out  by  increasing  the  diameter  of 
the  leads.  In  the  ordinary  way  if  we  have  a  wide 
strip,  say  4  inches  or  6  inches  wide,  the  copper  in  the 
centre  is  of  no  use  at  all  ;  all  the  current  goes  down 
about  J  inch  at  each  side.  But  we  can  increase  the 
size  of  the  leads  by  making  a  sort  of  cage  built  up  of 
a  lot  of  cables  in  parallel  (see  Fig.  G).  In  this  sketch 
the  individual  conductors  arc  shown  quite  thin  so  that 


! 


DISCUSSION   ON   "TRANSFORMERS   FOR   ELECTRIC   FURNACES." 


607 


the  "  cage"  construction  can  be  seen.  Ih  practice  the 
cables  have  a  diameter  almost  equal  to  the  distances 
between  centres.  As  a  matter  of  fact  we  can  get 
nearly  as  much  conductivity  from  a  50-cycle  cable 
■with  an  arrangement  of  that  kind  as  we  can  with 
direct  current.  In  practice  many  electric  furnaces 
use  very  much  more  copper  than  is  needed,  because 
a  large  proportion  of  the  copper  is  not  carrying 
any  current  at  all,  or  it  may  be  carrying  current  in  the 
wrong  direction.  The  author  raises  the  question  of 
the  increase  of  voltage  in  the  transformer.  This  is 
not  always  a  matter  that  can  be  done.  Suppose  we  have 
decided  to  have  a  certain  power  factor,  say  o  •  8  ;  we 
might  have  80  volts  between  electrodes,  60  volts  for 
the  reactive  drop,  and  100  volts  total.  It  sometimes 
happens  that  the  pressure  across  the  arc  of  the  furnace 
cannot  be  indefinitely  increased  without  bringing  about 
undesirable  conditions  in  the  furnace.  %\Tien  the 
reactive  drop  is  too  great,  the  first  step  is  to  ascertain 
to  how  high  a  point  we  can  raise  the  voltage  between 
electrodes.  That  po^nt  being  settled,  the  transformer 
should  be  arranged  to  give  this  maximum  voltage,  thus 
reducing  the  current  and  the  reactive  drop  to  the 
minimum.  There  is  another  matter  that  I  have  not 
seen  mentioned  in  connection  with  electric  furnaces  ; 
it  is  in  connection  with  the  power  factor.  The  low 
power  factor  on  the  low-tension  side  of  the  furnace 
is  not  entirely  due  to  the  reactance  of  the  leads.  The 
resistance  of  the  arc  decreases  during  each  half-cycle, 
so  that  apart  from  reactance  the  current  lags  behind  the 
pressure.  I  have  found  by  wattmeter  measurements 
that  the  power  factor  is  lower  than  can  be  accounted 
for  by  the  known  reactance  of  the  circuit.  The  effect 
may  be  said  to  be  due  to  "  delayed  conductance." 

Mr.    J.    Frith  :     I    am    rather    surprised    that    the 
author     does     not     deal     more     with    the    switchgear 


Fig.  H. 

controlling  furnace  transformers.  It  would  seen  that 
these  big  transformers  are  very  much  at  the  mercy  of 
the  switchgear,  and  that  the  failure  of  a  transformer 
is  often,  at  any  rate  by  its  designer,  put  down  to  the 
failure  of  the  switchgear  controlling  it.  The  other 
point  that  I  wanted  to  raise  has  been  partially  dealt 
with  by  Professor  Walker.  It  is  the  efiect  of  a  pure 
arc  furnace  on  the  wave-form.  Fig.  H  herewith  shows 
first  the  E.M.F.  wave  of  an  alternator  on  open  circuit 
and  also  the   E.M.F.   and  current  waves  of  the  same 


alternator  feeding  an  arc.  Such  alterations  to  the 
wave-form  cannot  but  have  some  effect  on  the  design 
and  working  of  the  transformer,  as  wave-forms  are 
transmitted  through  a  transformer  with  verj-  little 
alteration. 

Mr.  A.  G.  Ellis  :  It  is  rather  a  pity  that  the  paper 
is  more  or  less  confined  to  one  class  of  furnace,  that  is 
the  steel  furnace,  and  almost  to  one  type  of  transformer. 
When  it  is  remembered  that,  as  stated  on  page  201, 
we  have  only  been  at  this  business  of  electric  furnaces 
for  about  10  years,  I  think  it  will  be  realized  that  the 
manufacturers  of  this  apparatus,  and  of  the  electrical 
gear  connected  therewith,  have  had  rather  a  strenuous 
time  of  development.  We  have  had  to  buy  our  ex- 
perience sometimes  under  very  difficult  conditions. 
Now  that  the  war  conditions  have  finished,  and  we 
have  got  most  of  our  troubles  with  electrical  equipment 
of  electric  furnaces  behind  us,  there  is  rather  a  lull  in 
the  demand  for  this  apparatus,  so  that  we  cannot  apply 
to  the  extent  that  we  really  desire  the  experience  we 
have  gained.  At  item  (5)  on  page  202  the  author 
refers  to  "  Failure  of  transformers  due  to  bad  housing, 
unskilled  operation  and  heavy  overloads."  This  ques- 
tion is  largely — I  would  say  almost  entirely — in 
the  hands  of  the  maker  of  the  furnace  or  the  engineer 
who  puts  down  the  plant.  During  the  development  of 
the  electric  furnace  the  matter  of  fixing  the  capacity 
was  largely  a  matter  of  trial  and  error  and  the  actual 
capacity  required  for  the  transformers  was  a  matter  of 
uncertainty,  which  resulted  often  in  their  being  called 
upon  to  support  much  heavier  continuous  loads  than 
were  originally  specified,  or  for  which  they  were  designed. 
The  result  of  this  has  been  that  the  transformer  has 
in  certain  cases  suffered  from  unfair  overloading,  and 
to  mitigate  this  certain  engineers  have  specified  the 
current  densities  to  be  used  in  the  windings  in  addition 
to  the  rated  output.  This  is  not  the  most  satisfactory 
way  of  ensuring  that  the  transformer  will  be  sufficiently 
liberally  rated.  It  may,  in  fact,  result  in  a  worse  piece 
of  apparatus  than  the  buyer  would  really  get  if  he 
simply  said  what  he  wanted  and  left  it  to  the  manu- 
facturer to  make  the  apparatus  to  comply  with  the 
specified  requirements  in  his  own  way.  I  should  like, 
in  connection  with  this  question  of  rating  and  over- 
loads, to  put  in  a  plea  for  the  British  standard  rating, 
especially  for  this  class  of  apparatus.  As  is  commonly 
known,  the  British  standard  basis  for  transformer  rating 
is  50  degrees  C.  rise  in  oil.  It  is  often  the  custom  to 
specify  a  low  temperature  rise  on  "  normal  "  load  and 
a  high  continuous  overload  capacity.  The  more  logical 
way  is  to  include  the  continuous  overload  in  the  normal 
rating  and  specify  this  as  the  maximum  continuous 
rating  on  British  standard  temperature  rise.  If  we 
could  only  get  down  to  this  standard  rating,  it  would 
be  to  the  benefit  both  of  the  engineers  who  put  down 
plant  and  of  the  manufacturers  who  make  it.  The 
author  says  :  "  The  requirement  of  steel  furnaces  may 
be  for  single-,  two-  or  three-phase  supply,"  but  he  deals 
almost  exclusively  with  single-phase  transformers, 
although  later  on  the  question  of  core  type  versus  shell 
t^-pe  is  raised.  It  is  sometimes  claimed  that  one  can 
get  better  efficiency  with  one  or  other  of  these  types 
of  transformer,   but    there    is   really  verj-  little    in    it. 
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Also  there  is  little  difference  as  regards  size  and 
weight  of  the  two  types  for  the  same  output,  as  is 
shown  by  comparing  Figs,  i  and  2  in  the  paper.  I  should 
like  to  touch  upon  the  question  of  increasing  the 
capacity  of  the  furnace  (page  207).  This  is  a  matter 
which  exercises  the  furnace  makers  very  much.  To 
increase  the  number  of  phases  unduly  is  rather  a  dan- 
gerous thing,  because  the  greater  the  number  of  phases 
the  more  complicated  the  switchgear  becomes  and  the 
more  liable  the  whole  apparatus  is  to  breakdowns. 
I  do  not  think  this  is  going  entirely  in  the  right  direction. 
On  page  207  the  author  refers  to  a  "  straight  trans- 
former "  ;  will  he  please  explain  what  he  means  by 
that  ?  I  should  like  to  criticize  the  half-turn  arrange- 
ment shown  in  Fig.  5.  The  difficulties  associated  with 
this  design  are  chiefly  mechanical  ones  relating  to  the 
bringing  out  of  a  connection  for  a  heavy  current  at 
the  half  turn.  Regarding  the  system  of  low-tension 
voltage  regulation  by  means  of  a  low-tension  booster 
transformer  built  in  above  the  main  transformer, 
the  principal  limitation  of  this  arrangement  is  the 
restriction  in  headroom.  In  Fig.  6  is  illustrated  a 
transformer  of  this  type  which  stands  11  ft.  9  in.  high  for 
only  1,250  k.v.a.  output.  For  the  maximum  output 
of  7,920  k.v.a.  mentioned  on  page  207  this  construction 
would  on  this  account  be  out  of  the  question.  The 
question  of  low-tension  leads  between  transformers  and 
furnace  has,  I  believe,  given  rise  to  more  trouble  in 
these  installations  than  any  other  factor.  I  wish  the 
author  had  shown  a  few  general  plans  of  furnace  and 
transformer  installations,  illustrating  where  the  diffi-  " 
culties  occur,  what  is  a  good  lay-out,  and  what  is  not  a 
good  lay-out.  I  was  rather  attracted  by  Professor 
Walker's  suggestion  for  getting  over  the  current- 
distribution  trouble  in  heavy  current  leads,  but  has 
such  an  arrangement  actually  been  made  ?  If  so, 
I  should  very  much  like  to  see  the  mechanical  arrange- 
ment for  bracing  all  these  cables  and  holding  them  for 
a  length  of  possibly  20  or  30  feet  between  the  trans- 
former and  the  furnace.  On  the  question  of  leads  Mr. 
Furlong  remarked  that  transformer  manufacturers  and 
furnace  builders  should  get  together  to  discuss  these 
points.  They  do,  but  unfortunately  it  generally  is 
only  after  the  trouble  has  occurred. 

Mr.  H.  A.  Ratcliff:  Apart  from  questions  of 
design  my  views  are  generally  in  agreement  with  the 
opinions  expressed  in  the  paper  ;  but  I  am  more  immedi- 
ately concerned  with  the  supply  aspect  of  the  matter, 
and  in  that  connection  there  are  one  or  two  points  in 
the  paper  which  attract  my  attention.  On  page  202 
the  author  speaks  of  "  the  supply  company's  capa- 
bihty  of  dealing  with  sudden  and  heavy  loads,"  what- 
ever that  may"  mean.  It  is  only  right  that  a  supply 
authority  should  have  the  power  of  imposing  such 
restrictions  as  will  ensure  that  the  supply  to  other 
consumers  will  not  be  interfered  with  by  the  operations 
of  a  furnace.  Presumably  any  authority  which  under- 
took the  supply  to  such  a  furnace  would  be  able  to 
deal  with  the  i-6  and  2-3  times  normal  load  (referred 
to  by  the  author  on  page  211),  but  I  do  not  think  they 
should  be  expected  to  deal  with  the  enormous  surges 
and  current-rushes  which  may  occur  when  switching 
in  these  large  furnace  transformers  unless  the  necessary 


precautions  are  taken,   nor  with  the  effects  of  short- 
circuits  on  secondary  terminals  and  switchgear.     In  this 
connection   I   presume  that  the  switchgear  controlling 
the  boosting  transformer  shown  in  Fig.  8  is  effectively 
interlocked,  for  otherwise  its  operation  would  be  attended 
with  considerable  risk.     On  page  201  the  author  refers 
to  failure  of  insulation  of  switchgear  and  transformer 
terminals,  etc.     No  doubt  he  is  familiar  with  the  cause 
of  some  of  the  failures,  which  may  have  been  due  to 
the  auto-transformer  effect  referred  to,  but  I  am  inclined 
to  think  that  in  many  cases  they  have  been  caused  by 
the  surges  due  to  the  nature  of  the  furnace  load,  or  from 
the    conditions    which    arise    when    these    large    trans- 
formers are  switched  into  circuit.     The  nature  of  the:e 
surges  was  dealt  with  very  thoroughly  by  Dr.  Marchant 
in  a  paper  read  before  the  Institution  two  years  ago 
(Journal  I.E.E.,   1918,  vol.  56,  p.  445)  and  I  have  had 
some    actual    experience    of    what    occurs,    particularly 
when  switching  in  a  transformer  of  considerable  k.v.a. 
capacity  such  as  is  used  in  furnace  work.     I  have  seen 
evidence  of  sparks  having  flashed  across  distances  of 
4  or  5  inches,  which  shows  that  the  strains  on  switch- 
gear  and   the  end   turns   of   transformer   windings   are 
very     real.     A     case     occurred     quite     recently     when 
switching  in  a  transformer  of  this  description — not  a 
furnace    transformer    but    an    equally    large    one — the 
surge  caused  the  switchgear  to  flash  over  ;    the  sparks 
were  of  the  order  of  3  inches  long  and  the  resulting 
arcs    caused    the    complete    destruction    of    the    high- 
tension    switches    in    the    substation    concerned.     For- 
tunately experience  has  also  shown  that  in  most  cases 
the  cure  for  this  particular  trouble  is  a  comparatively 
simple  one,  as  it  has  been  found  that  the  addition  of 
I    auxiliary  contacts  to  the  switches,  with  charging  resist- 
'    ances    inserted    between    the    main    and   the    auxiliary 
contacts,    enables    the    transformer    to    build    up    its 
magnetism  of  correct  polarity  and  so    avcid  a   heavy 
rush  of  current  when  the  main  contacts  close.     It  is 
also  an  interesting  fact  that  it  is  possible  for  current- 
rushes  of  this  nature  to  take  place  when  switching  out  a 
transformer.     I  can  only  suppose  that  it  is  due  to  the 
effect  of  chattering  contacts  on  the  switches,  since  such 
intermittent  contact  is  frequently  the  cause  of  abnormal 
effects.     The    author   refers    to    the    effect   of    external 
reactances  inserted  in  the  high-pressure  supply  mains. 
I  would  suggest  that  they  should  be  fixed  as  near  as 
possible  to  the  cable  head,  and  preferably  immediately 
after  the  isolating  links  ;    for  otherwise  the  result  will 
merely    be    that   the    main   high-tension    switches    will 
act    as    spark-gaps    and    the    current    transformers    as 
choke  coils.     I  have  recently  seen  the  result  of  a  current 
transformer  acting  as  a  choke  coil.     The  normal  pressure 
between  the  transformer  winding  and  earth  would  be 
about   3,800   volts,  .but   the   spark  resulting   from   the 
surge    flashed    through    a   thickness    of   insulation    and 
then  over  an  air-gap  of  sufficient  extent  to  indicate  that 
the  momentary  pressure  was  more  nearly  of  the  order 
of  100,000  volts.     I  consider  that  troubles  of  this  nature 
would  be  minimized  to  some  extent  by  an  increase  in 
the  supply  pressure,  for  the  ratio  of  surge  voltage  to 
working   voltage   would   be   lower   and   the   switchgear 
and  other  apparatus  would  be  constructed  to  withstand 
much  higher  pressures.     Extra-high-pressure  cables  are 
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also,  I  think,  capable  of  absorbing  these  shocks  to  some 
extent,  and  there  is  another  possibility  which  is  rather 
interesting  and  which  wants  looking  into  rather  more 
thoroughly.  It  may  be  found  that  the  relatively  high 
dielectric  loss  in  extra-high-tension  cables  will  tend  to 
damp  down  appreciably  any  oscillatory  effect  between 
the  capacity  of  the  cables  and  the  inductive  portions 
of  the  circuit,  or  in  other  words  the  energy  of  the  oscilla- 
tions will  be  partly  absorbed  in  the  dielectric  of  the 
cables  ;  but  that  of  course  can  only  be  proved  by 
future  experience.  I  was  interested  in  the  author's 
reference  to  the  operating  power  factor  of  furnace 
loads,  as  I  have  made  one  or  two  attempts  myself  at 
estimating  and  measuring  the  power  factor  of  such 
loads  and  have  both  obtained  figures  and  seen  figures 
obtained  by  others,  but  I  am  very  sceptical  indeed  as 
to  whether  they  have  any  real  value  or  meaning.  In 
the  case  of  a  three-phase  furnace  load,  for  instance, 
the  pressures,  currents,  and  phase  angles  are  verj' 
rarelv,  if  ever,  exactly  balanced  ;  there  is  always  some 
disturbing  factor,  and  with  ordinar\-  instruments  that 
makes  the  measurement  of  the  equivalent  three-phase 
power  factor  rather  a  difficult  matter.  Some  time  ago 
I  had  an  opportunity  of  inspecting  oscillograph  records 
of  currents  and  pressures  in  furnace  circuits,  and  it  is 
really  no  exaggeration  to  describe  them  as  extraordina^\^ 
Naturally  one  expects  the  combination  of  an  unstable 
arc  conductance  with  the  variable  permeability  of  a 
magnetic  circuit  to  give  some  rather  unusual  wave- 
forms, but  hardly  so  extraordinan,'  as  the  ones  in 
question,  and  I  should  like  to  ask  the  author  whether  such 
abnormal  wave-forms  are  incidental  to  the  furnace 
circuit  only  and  if  they  are  damped  out  to  any  great 
extent  by  the  transformer,  because  if  they  are  not 
there  is  a  very  considerable  doubt  as  to  the  accuracy  of 
the  indications  and  registrations  of  commercial  measuring 
instruments  installed  in  the  primary  circuit,  particularly 
instruments  of  the  induction  tvpe.  The  matter  is 
therefore  one  of  considerable  importance.  The  descrip- 
tion on  page  211  of  the  precautions  to  be  taken  in 
laying  out  a  transformer  installation  is  extremely 
interesting  and  very  complete.  It  is  really  surprising 
how  frequentlv  the  necessity  for  these  precautions  is 
not  appreciated  as  it  should  be.  I  have  known  several 
instances  of  constructional  ironwork  getting  excessively 
hot  due  to  the  proximity  of  conductors  carrying  currents 
of  a  very  much  lower  order  than  the  currents  dealt 
with  in  the  paper.  In  one  particular  case,  iron  bolts 
in  constructional  woodwork  supporting  conductors 
can-jnng  heavy  currents  became  sufficiently  hot  to 
fire  the  woodwork.  When  inspecting  a  large  trans- 
former recently  I  was  surprised  to  find  that  the  clamps 
holding  the  low-tension  terminal  conductors  formed  a 
complete  magnetic  ring  round  each  separate  conductor  ; 
of  course  it  was  a  case  of  pure  oversight,  but  serves  to 
illustrate  how  easy  it  is  even  for  a  transformer  maker 
himself  sometimes  to  overlook  these  little  points. 

Mr.  F.  E.  Hill  :  As  the  engineering  of  a  furnace 
installation  is  almost  invariably  entrusted  to  the  furnace 
manufacturer,  I  think  it  is  fortunate  that  this  paper 
points  out  the  difficulties  with  which  the  transformer 
designer  is  faced.  It  is  only  natural  that  the  furnace 
manufacturer  gives  particular  attention  to  the  furnace 


and,  in  specifying  his  requirements  for  the  transformer, 
has  in  mind  more  the  ideal  conditions  for  the  furnace 
than  the  difficulties  of  transformer  design.  In  addition, 
if  any  necessity  arises  for  a  reduction  in  the  cost  of  the 
installation,  the  transformer,  being  the  most  costly  of 
the  auxiliary'  apparatus,  is  reduced  in  capacity  and 
consequently  in  cost.  It  is  time,  in  order  to  ensure 
the  satisfactory,'  operation  of  the  large  equipments 
suggested,  that  there  should  be  close  co-operation 
between  the  furnace  and  transformer  m.anufacturers. 
The  author  has  dealt  with  transform.ers  designed  for 
working  from  supply  system.s  of  a  maximum  voltage 
of  22,000.  In  view  of  the  number  of  schemes  using 
higher  pressures  which  are  being  developed  in  this 
country-,  and  the  still  higher  pressures  in  use  on  the 
Continent,  the  scope  of  the  paper  might  have  been 
wider  in  this  direction  with  considerable  advantage. 
I  think  it  will  be  found  that  where  two-phase  furnaces 
of  small  capacity  are  supplied  from  a  high-voltage 
three-phase  system  and  require  a  Scott  transformer 
group,  it  will  be  most  satisfacton,-  to  install  a  straight 
transformer  stepping  down  to  an  intermediate  pressure 
of  about  5,000  volts,  and  a  Scott  group  with  the  necessary 
tappings  stepping  down  further  to  the  furnace  voltage. 
The  extra  cost  of  using  two  transformer  groups  will 
be  counterbalanced  by  the  reduction  in  price  of  the 
switchgear  and  by  the  greater  factor  of  safetv  obtained 
by  the  tappings  being  on  the  interm.ediate  voltage 
winding.  Referring  to  Mr.  Ellis's  remarks  about  rating, 
I  have  on  one  occasion  seen  a  specification  calling  for 
a  2,ooo-k.v.a.  25-cycle  furnace  transformer  with  a  tem- 
perature rise  after  continuous  full-load  run  of  45  degrees 
C,  and  of  55  degrees  C.  after  continuous  overload  of 
50  per  cent.  These  figures  correspond  to  a  ratio  of 
iron  loss  to  copper  loss  of  4-6  to  i,  which  is  absurd. 
The  curves  given  in  Fig.  9  are  ven,^  interesting,  but  their 
utility  has  been  limited  by  basing  them  on  transformers 
hax-ing  a  fixed  ratio  of  minimum  and  m.aximum  low- 
tension  voltages.  The  cost  and  weight  should  have 
been  plotted  against  the  equivalent  kilo\-olt-amperes 
and  the  method  of  calculating  the  equivalent  kilovolt- 
amperes  given.  -At  first  sight  it  also  appears  extra- 
ordinarj-  that  a  voltage  ratio  of  1-31  and  not  1-3  has 
been  used,  but  as  the  example  on  page  213  is  based 
on  a  transformer  with  low  voltages  of  65,  75,  and  85, 
I  presume  that  this  is  the  reason  for  the  selection  of 
this  ratio.  Comparing  the  cost  of  furnace  transformers 
as  given  in  Fig.  g  with  the  cost  of  power  transformers 
of  sim.ilar  equivalent  kilovolt-amperes  as  gi\en  in  the 
author's  paper  on  "  Large  Power  Transformers,"  it 
appears  that  furnace  transformers  are  about  30  per 
cent  more  expensive.  I  should  like  the  author's  opinion 
on  this,  as  possibly  the  curves  are  based  on  manufacturing 
costs  at  different  periods. 

Mr.  H.  S.  Binns :  The  paper  generally  and  the 
broad  principles  put  forward  will  be  endorsed  by  those 
who  have  had  experience  with  this  tvpe  of  apparatus. 
The  author  has  rightly  emphasized  the  importance  of 
substantial  construction  and  sound  design  in  trans- 
formers used  for  electric  furnaces.  Considerable  trouble 
has  arisen  owing  to  lack  of  appreciation  of  this  in  many 
cases,  but  considerably  more  trouble  has  arisen  owing 
to  electric  furnaces  being  manipulated   by  staffs  with 
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very  slight  knowledge  of  the  electrical  side  of  the 
apparatus.  For  exaraple,  a  furnace  built  for  30  cwt. 
may  be  capable  of  holding  3  tons,  but  so  to  load  it  and, 
then,  attempt  to  speed  up  the  process  by  overloading 
the  transformers  must  result  in  serious  overheating  and, 
finally,  breakdown.  The  failure  when  it  occurs  is 
almost  invariably  attributed  to  bad  design  or  careless 
workmanship  on  the  part  of  the  transformer  makers. 
Cases  of  this  sort  are  more  common  than  might  be 
thought.  Sheffield  steel  manufacturers  are  very  prone 
to  this  fault.  I  think  we  shall  all  be  in  agreement  with 
the  author  on  the  subject  of  electrical  characteristics, 
as  given  on  page  202.  This  also  applies  generally  to 
the  mechanical  characteristics,  although  I  would 
suggest  to  the  author  that  it  is  preferable  for  all  high- 
tension  leads  connected  to  the  transformers  to  be 
taken  through  suitable  bushings  into  the  transformer 
cases  and  connections  made  under  oil,  wherever  the 
designs  allow  this  to  be  done.  The  increase  in  cross- 
section  of  the  low-tension  leads  above  oil  level,  as 
mentioned  by  the  author,  does  not  appear  to  me  to 
be  either  necessary  or  desirable  :  unnecessary,  as  the 
leads  above  oil  level  are  relatively  short,  and  the 
copper  is  a  sufficiently  good  conductor  of  heat  to  prevent 
injurious  heating  at  this  point,  assuming  reasonable 
current  densities  ;  undesirable,  as  it  tends  to  extra 
joints  in  the  copper  or  nianipulation  which  may  weaken 
it  mechanically.  The  distance  between  the  lower  side 
of  the  furnace  leads  and  the  oil  level  is  seldom  more 
than  6  inches.  In  referring  to  locations  and  operation 
the  author  gives  figures  which  1  would  increase.  A 
minimum  distance  when  stated  as  satisfactory  by  the 
manufacturer  tends  to  become  the  maximum  when 
space  is  being  allocated  bv  the  user.  I  would  suggest 
a  minimum  of  2  ft.  5  in.  for  transformers  of  500  k.v.a. 
and  upwards.  This  will  allow  the  transformers  to  be 
inspected  and  cleaned  down  ;  the  lower  figure  will 
not.  The  author  goes  into  the  old,  but  ever  new, 
question  of  core  versus  shell-tvpe  transformers.  Some 
of  the  core  types  shown  on  the  screen  this  evening 
are  in  all  but  name  of  shell  design,  and  some  of  the 
shell  type  are  of  core  design.  I  cannot  agree  that  the 
core  type  must  of  necessitv  suffer  from  the  defects 
mentioned  by  the  author.  Further,  I  cannot  agree 
that  the  shell  type  suffers  from  the  disadvantages 
given  as  hereditary  defects.  It  is  all  a  question  of 
design.  A  transformer  designer  should  approach  each 
particular  problem  with  an  open  mind  and  be  prepared 
to  install  the  type  most  suitable  for  the  particular 
circunistances  of  the  case.  Assuming  a  three-phase 
furnace  is  to  be  installed,  it  is  generallv  better  to  install 
a  three-phase  transformer.  This  becomes  all  the 
more  necessary  as  the  size  is  increased.  I  venture  to 
say  that  for  a  large  furnace  taking,  say,  8,000  k.v.a.  or 
upwards  the  use  of  the  single-phase  shell  type — and  in 
passing  it  may  be  as  well  to  mention  that  the  use  of 
the  three-phase  shell  t^-pe  is  not  a  practical  proposition 
for  this  purpose — would  enormously  increase  the 
difficulties  of  the  installation  owing  to  induction  in 
the  leads  :  to  such  an  extent,  indeed,  that  thev  become 
impracticable  also.  On  the  other  hand,  where  single- 
phase  transformers  are  required,  as  in  single-phase  and 
two-phase   furnaces,    the    circular   shell  tj-pe  (tliat   is. 


similar  in  section  to  Fig.  4,  but  with  circular  coils)  has 
definite  advantages.  Put  briefly  it  is  not  a  case  of 
core  type  or  shell  type.  What  is  required  is  a  design 
to  suit  the  particular  case,  with  as  few  as  possible  of  the 
disadvantages  which  occur  in  the  conventional  types, 
whether  core  or  shell,  and  as  many  as  possible  of  the 
advantages  of  both  types.  For  furnace  work  this 
will  generally  be  obtained  in  the  circular  shell  type 
with  the  coil  faces  vertical  and  the  axis  horizontal 
for  single-phase  work,  and  in  the  three-phase  core  type 
(again  with  the  coil  faces  vertical)  for  three-phase 
furnaces.  With  reference  to  clamping  of  coil  heads 
mentioned  on  page  206,  amongst  the  disadvantages  of 
the  shell  type  I  consider  radial  clamping  at  the  corners 
of  the  coils  in  the  rectangular-coil  type  to  be  essential, 
and  I  submit  that  efficient  clamps  can  be  designed 
which  do  not  interfere  with  inspection  or  impede  the 
flow  of  oil  to  such  an  extent  as  to  make  it  advisable 
to  omit  them.  In  any  case  very  little  inspection  of 
coils  is  possible  in  a  rectangular  shell  transformer. 
The  information  gained  by  the  inspection  of  the  coil 
head  is  very  slight,  for  only  the  top  can  be  inspected, 
that  is,  the  outer  layer  of  each  coil  for  less  than  25  per 
cent  of  its  length.  This  applies  with  equal  force  to 
the  three-phase  core  type  with  rectangular  coils  shown 
on  the  screen.  The  author's  survey  of  future  require- 
ments is  very  interesting.  The  two  largest  steel 
furnaces  at  present  in  service  in  this  country  are  each 
of  15-ton  capacity  with  3,000  k.v.a.  of  transformers 
to  operate  them,  two  1,500-k.v.a.  single-phase  trans- 
formers Scott-connected  being  used.  The  furnaces  are 
identical  except  for  the  periodicity  of  the  circuit.  No 
tappings  are  used  in  the  main  transformers  except 
the  Scott  tappings.  The  voltage  variation,  which  is  in 
20-volt  steps,  from  100  volts  to  200  volts  is  obtained 
by  the  use  of  an  auto-regulating  transformer.  To 
obtain  this  range  in  the  main  transformers  would 
require  about  ig  tappings  in  each.  It  will  be  readily 
realized  from  these  figures  that  the  question  of  voltage 
regulation,  to  which  the  author  gives  considerable 
attention,  requires  verv  careful  consideration.  Tappings 
in  the  main  transformers  are  to  be  avoided  wherever 
possible,  and  this  cannot  be  over-emphasized  for  the 
reason  given  by  the  author.  The  three  largest  carbide 
furnaces  in  this  countrj-  are  of  the  three-phase  type 
and  are  each  equipped  with  a  three-phase  core-type 
transformer.  As  far  as  possible  increase  in  size  in 
steel  furnaces  is  concerned,  there  is  one  solution  which 
the  author  has  not  mentioned.  This  is  to  use  two 
arcs  in  series.  Bv  this  means  the  pressure  can  be 
raised  to  about  200  volts.  The  two  15-ton  furnaces 
mentioned  are  of  this  type,  the  design  of  Mr.  ^'icto^ 
Stobie.  This  method  makes  possible  the  use  of  furnaces 
up  to  approximately  60  tons  with  the  electrodes  at 
present  available.  The  question  of  roof  deterioration 
mentioned  bv  the  author,  though  somewhat  wide  of 
the  question  imder  discussion,  is  bound  up  with  the 
question  of  efficient  electrode  economizers.  It  is  largely 
due  to  inefficient  electrode  economizers,  and  the  sub- 
sequent erosion  of  the  roof  where  the  electrodes  enter 
the  furnace,  that  the  heavy  reducing  atmosphere  possible 
is  not  maintained.  This  is  the  main  cause  of  roof 
deterioration.     So  far  as  carbide  furnaces  are  concerned. 
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the  largest  built  on  the  Continent  is  of  about  25,000  k.v.a., 
or  roughly  three  times  the  capacity  of  the  largest  in 
use  here.  The  author's  ideal  for  a  furnace  transformer 
is  good,  although,  except  in  extreme  cases,  I  do  not 
think  it  necessary  to  introduce  the  complication  of  an 
external  reactance.  Regarding  the  mechanical  stresses 
possible,  I  would  emphasize  the  author's  concluding 
sentence  on  the  subject  :  "  That  the  figures  given  may 
be  quadrupled."  It  is  these  quadrupled  figures  a 
designer  must  take  into  account  when  designing  his 
clamps.  In  a  rectangular  coil  the  stresses  are  concen- 
trated on  the  comers,  whereas  in  a  circular  coil  the 
stresses  are  equal  all  round  and  clamps  are  not  required  ; 
hence  m^'  preference  for  the  circular-coil  shell-type 
transformers. 

Mr.  G.  F.  Sills:  Furnace  manufacturers  in  the 
past  have  been  rather  optimistic  as  to  the  steadiness 
of  the  current,  particularly  during  the  first  period. 
Certainly  from  the  electrical  instruments  I  have  watched, 
this  would  appear  to  be  so.  Owing  to  the  large  variations 
of  current,  particular  attention  is  necessary  to  the 
design  of  the  transformer,  both  electrical  and  mechanical. 
I  know  of  a  steel  furnace  fed  bv  one  turbo,  normally 
of  sufficient  capacity  for  the  input  to  the  furnace,  but 
the  circuit  breaker  of  the  turbo  was  continually  tripping 
and  the  breaker  was  already  set  at  as  high  a  figure  as 
was  advisable.  By  putting  in  an  external  reactance 
between  the  transformer  and  the  turbo,  the  tripping 
of  the  breaker  was  reduced  to  once  a  month.  In  the 
paper,  springs  are  shown  at  the  end  of  the  bolts  sup- 
porting the  main  outsid»  connections.  I  believe  that 
certain  ©ore-type  transformer  springs  are  also  inserted 
between  the  coils,  with  the  idea  of  taking  up  shrinkage. 
The  insertion  of  these  springs,  however,  under  the 
arduous  conditions  of  furnace  work  where  heavy  surges 
are  experienced,  would  probably  make  the  springs 
move  sufficiently  to  displace  the  coils  and  thus  cause  a 
breakdown,  which  would  in  all  probability  not  have 
occurred  had  the  springs  been  omitted.  Furnace 
transformers  are  generally  run  at  about  their  maximum 
continuous  capacity,  from  which  it  follows  that  the 
temperature  rise  in  the  oil  is  going  to  be  higher  than  in 
the  ordinary  transformer,  which  in  a  great  many  cases 
never  has  the  full-load  output  taken  from  it.  From 
this  it  follows  that  the  usual  difficulty  of  oil  sludging, 
etc.,  is  going  to  take  place  at  an  earlier  stage  than  with 
a  transformer  under  ordinarv  use.  It  is  therefore  of 
the  utmost  importance  that  the  oil  be  kept  in  the  best 
possible  condition  and  the  expansion  vessel,  which  is  a 
simple  commercial  device  and  has  proved  to  be  extremely 
satisfactory  over  a  great  number  of  years,  would  ensure 
a  much  greater  factor  of  safety  with  furnace  trans- 
formers, as,  in  addition  to  pre\enting  the  formation 
of  sludge,  the  moisture  is  also  kept  from  the  windings. 
To  make  an  oil-tight  joint  is  a  very  simple  matter,  and 
adverse  criticisms  can  be  countered  from,  practical 
experience,  which  demonstrates  that  this  is  easily- 
carried  out.  During  the  war,  a  i,ooo-kw.  transformer 
of  the  ordinary  type,  without  expansion  vessel,  was 
working  day  and  night  for  two  years  on  its  fulMoad 
rating.  At  the  end  of  two  years  the  oil  was  tested  and 
the  transformer  manufacturers  stated  that  it  required 
renewing.     This,  of  course,  is  an  early  period  for  renewing 


the  oil,  but  the  reason  was  quite  plain,  namely,  that 
the  transformer  had  been  run  at  its  full-load  capacity. 
The  engineer  of  one  of  our  largest  cities  informed  me 
that  he  generally  orders  the  ordinary  transformers 
about  20  per  cent  larger  than  the  output  they  will  be 
required  to  give';  otherwise  he  found  that  with  all 
makes  without  the  expansion  vessel,  the  life  of  the 
oil  was  much  shorter  and  the  transformers  required 
more  frequent  inspection. 

Mr.  R.  G.  Mercer  also  spoke  (his  remarks  will 
be  found  on  page  216  in  the  discussion  before  the 
Institution). 

Mr.  J.  L.  Thompson  {iti  reply)  :   Mr.  Furlong  seems^ 
to  have  taken  seriously  to  heart  the  author's  remarks, 
in  the  paper  relating  to  the  adaptability  of  core  and 
shell-type   transformers  to   electric   furnace   work.     No 
doubt   Mr.   Furlong   is   under   the   impression   that   his 
experience  qualifies  his  statements,  but  the  author  begs 
to  differ  on  many  of  the  points  raised.     Mr.   Furlong 
has,  no  doubt,  overlooked  the  author's  opening  remarks 
in  this  section  of  the  paper  in  order  to  get  to  points 
of  a  controversial   character,     ^^'hile   the   author  dealt 
with  this  matter  fairly  fully  in  the  London  discussion,, 
there  are  one  or  two  other  items  brought  forward  to 
which    he    must    give    special    attention.     Liability    to 
damage  in  shipment  is  admitted  by  Mr.  Furlong,  and 
while   many   transformers   are   being   shipped    in   their 
tanks  the  larger  proportion  are  shipped  separately,  as 
Mr.    Furlong   well    knows.     Transformers    have    to    be 
placed  in  the  tanks,  where  owing  to  the  small  clearances 
at  certain  points,  namely  the  neck  of  the  tank,  liability 
to  damage  is  present.     On  site  also  transfoiiners  have 
to  be,   or  should  be,  withdrawn  from  their  tanks  and 
inspected  periodically,  hence  more   liability  to   damage 
which  with  the  shell  type  is  entirely  absent.    Mr.  Furlong's 
suggestion    that    the    core    type    mounted    horizontally 
will  solve  several  of  the  disadvantages  mentioned,  may 
be   true   if   a   paper   design   is   considered.     There   are 
verj'  few  large  transformers  constructed  in  this  fashion, 
for  the  very  obvious  reason  that  it  is  a  weak  construc- 
tion mechanically  as  far  as  the  magnetic  core  is  con- 
cerned.    In  the  construction  suggested,  all  the  laminae 
of  the  magnetic  core  are  in  a  horizontal  plane  supported 
at  each  end,  hence  the  difficulty  of   obtaining  a    rigid 
core  can  be  seen  if  one  considers  the  limb  as  a  laminated 
beam  supported  at   each  end   and  free   in  the  centre. 
The  core  tends  to  sag  and  a  severe  strain  is  put  upon 
the  insulated  core  bolts  holding   the   lamina.'  together. 
This  insulation  in  the  course  of  time,  due  to  vibration 
and  sag,   will  fail,   and  will  thus  necessitate  stripping 
the  transformer.     The  coOs  themselves  are  a  load  on 
the  beam,  and  further  aggravate  the  cause  of  trouble. 
If.  however,  the  sag  in  the  core  is  prevented  by  using 
the  coils  as  supports,  then  the  coUs  are  liable  to  damaige, 
as  also  is  the  insulation  between  the  coils  and  the  core. 
Mr.  Furlong  has,  perhaps,  overlooked  the  above  points, 
which  in   the  author's  opinion   are  not  worth  risking, 
even  if  the  other  advantages  claimed  by  Mr.  Furlong 
are  possible.     The  shell-type  construction  is  not  liable 
to  such  faults,  whUe  it  has  the  advantages  mentioned 
in  the  paper.     With  reference  to  the  question  of  jointing 
of   heavy   copper,    the   author's   remarks   refer   to   the 
connections  between   the   low-pressure   coils   and   their 
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leads,  which  are  a  necessity  in  the  standard  core-type 
construction.  With  the  horizontal  core  type  favoured 
by  Mr.  Furlong,  joints  are  unnecessary  if  a  heavy 
core  section  is  taken,  for  they  are  similarly  placed  to 
the  low-pressure  coils  of  a  shell-type  transformer.  ] 
Low-pressure  coils,  and  in  fact  any  coil,  should  be 
without  joints.  The  low-pressure  coils  of  all  furnace 
transformers  are  wound  from  a  through  length  of 
copper  having  no  joints.  The  author  has  replied  fully 
in  the  discussions  at  other  Centres  to  the  point  referring 
to  losses.  With  reference  to  the  effect  of  the  leakage 
flux  in  the  two  types,  the  author  has  fully  explained 
this  in  the  paper  and  would  ask  Mr.  Furlong  to  consider 
those  remarks  more  fully.  Mr.  Furlong  has  misinter- 
preted the  phrase  relating  to  the  central  position  of 
tappings  affecting  the  load  balance.  Early  in  the  paper 
the  author  definitely  states  that  adjusting  tappings 
should  be  placed  internal  to  the  primary  winding,  and 
often  the  central  position  is  the  most  convenient  point. 
These  tappings  may  be  internal  or  in  a  central  position 
in  the  winding,  but  yet  need  not  be  in  a  central  position 
geographically.  The  exact  position  of  the  tappings 
depends  on  the  performance  required  as  regards  re- 
actance, and  in  many  cases  it  is  about  one-third  and 
two-thirds  along  the  face  of  the  coils.  The  author 
agrees  that  good  design  and  workmanship  are  necessary 
for  sound  apparatus  ;  the  one  is  no  good  without  the 
other.  If  constructional  designs  are  simple,  there  is 
less  liability  of  workmanship  error,  and  consequently 
sounder  apparatus  can  be  produced.  Mr.  Furlong's 
remarks  re  Fig.  3  and  the  cooling  surface  are  beyond 
the  point,  as  he  can  see  that  it  is  only  a  sketch  and 
not  a  design.  Too  many  details  would  have  only 
complicated  the  sketch  and  made  difficult  of  observation 
the  points  it  is  intended  to  convey.  With  regard  to 
the  terminal  arrangement  of  the  high-pressure  leads, 
this  has  already  been  fully  dealt  with  by  the  author 
in  his  replies  to  other  speakers.  The  half-turn  trans- 
former would  have  a  little  higher  reactance  due  to  the 
proximity  of  the  iron  core  to  the  half-turn  lead,  but 
the  half-turn  leads  can  be  arranged  so  that  the  fields 
surrounding  them  can  be  reduced  to  a  minimum.  The 
author  is  in  entire  agreement  with  Mr.  Furlong  re 
unscientific  lay-out  and  the  trouble  and  loss  this  has 
caused,  and  in  his  opinion  a  free  and  open  discussion 
between  the  manufacturers  of  furnaces  and  transformers 
would   be  of  mutual  benefit  in   many   instances. 

Professor  Walker's  suggestion  for  reducing  reactance 
would  probably  produce  the  desired  result,  but  the 
magnitude  of  the  task  would  be  appreciated  if  one 
tried  to  cater  for  50,000  amperes  per  phase  by  this 
means.  The  reactance  trouble  is  only  felt  acutely 
when  heavy  low-tension  currents  have  to  be  catered 
for,  and  hence  such  currents  should  be  borne  in  mind 
when  considering  Professor  Walker's  suggestion.  The 
expense  and  space  required  would,  in  most  cases,  pro- 
hibit its  use.  Further,  on  short  runs  of  lead  it  would 
be  impossible  to  use  such  a  suggestion,  hence  other 
means  have  to  be  adopted.  The  author  suggests  that 
copper  busbars  6  inches  X  \  inch  in  multiple  and  inter- 
leaved will  give  as  good  a  result  on  the  average,  if  not 
a  better  result,  than  the  method  under  discussion.  It 
is  quite  possible  that  the  heavy  quadrature  current  may 


be  in  part  independent  of  the  reactance  of  the  circuit, 
but  this  cannot  be  a  very  large  percentage  or  seriously 
affect  the  reasoning  in  the  paper  with  regard  to  power 
factor.  The  author  has  many  times  considered  the 
possibility  of  a  choking  effect  produced  by  the  field 
around  the  arc,  but  has  not  been  able  to  arrive  at  any 
definite  conclusion.  It  is  possible  that  Professor 
Walker's  "  delayed  conductance  "  may  be  similarly 
considered. 

Mr.  Frith  refers  to  the  absence  of  mention  in  the 
paper  of  switchgear,  but,  as  the  author  has  already 
stated,  the  paper  was  intended,  as  the  title  indicates, 
to  deal  with  transformers.  Mr.  Frith's  remarks  con- 
cerning wave-form  are  not  very  clear  ;  for,  as  he  states, 
the  wave-forms  are  transmitted  through  the  trans- 
formers with  very  little  alteration.  With  some  trans- 
formers that  are  designed  up  to  the  limit,  i.e.  with 
saturated  cores  and  saturated  magnetic  shunts,  the 
E.M.F.  wave  becomes  very  peaky.  With  a  reasonable 
design,  however,  very  little  change  takes  place.  The 
wave-form  as  affected  by  load  conditions  does  not 
affect  the  design  of  the  transformers  or  to  any  extent 
their  performance. 

Mr.  Ellis's  remark  that  the  paper  deals  with  only 
one  class  of  furnace  is  hardly  correct,  for  early  in  the 
paper  the  author  states  that  the  question  of  accommoda- 
tion of  heavy  currents,  the  insulation,  and  the  housing 
and  operation,  are  similar  for  all  types  of  furnaces. 
The  loading  conditions  of  a  steel  furnace  are  the  most 
exacting,  hence  the  author  is  of  the  opinion  that  if  a 
steel  furnace  can  be  satisfactorily  worked,  the  troubles 
of  all  other  types  could  be  similarly  solved.  The 
questions  raised  concerning  development,  housing,  etc., 
have  already  been  fully  dealt  with.  The  adoption  of 
a  standard  rating  such  as  that  suggested  by  the  B.E.S.A. 
would  be  to  the  benefit  of  manufacturers  and  users 
in  every  way,  and  lead  to  more  stable  design.  The 
author's  definition  of  a  "  straight  transformer  "  is  one 
with  a  primary  and  secondary  winding  only,  having 
no  tappings  or  complicated  connections.  Mr.  Ellis's 
criticism  of  the  half-turn  winding  is  in  part  correct, 
but  it  is  only  a  mechanical  problem  and  one  which  can 
be  easily  solved.  To  turn  down  a  suggested  improve- 
ment on  account  of  a  difficulty  that  can  be  overcome 
with  a  little  thought  is  not  progress,  but  suggests 
stagnation.  An  engineer  should  always  be  alert  and 
responsive  to  new  ideas  if  progress  is  to  be  maintained, 
and  progress  should  be  an  engineer's  ideal.  The 
question  of  head  room  or  overall  height  of  a  booster 
transformer,  as  shown  in  Fig.  6,  will  be  a  difficulty  to 
be  overcome  in  very  large  sizes.  There  are  alternatives, 
however,  available  for  the  engineer  in  design,  and  for 
very  large  sizes  two  separate  transformers  would  be 
necessary.  The  author  did  not  give  any  plans  of 
furnace  lay-out,  for  the  reason  that  each  plant  requires 
special  attention  due  to  location  of  furnace  and  trans- 
formers and  the  surrounding  gear.  Also,  some  firms 
are  rather  narrow  in  their  views  and  might  treat  such 
diagrams  as  a  breach  of  confidence.  The  author,  while 
deprecating  this  point  of  view,  has  nevertheless  to 
consider  it. 

Mr.  Ratchfl   seems   to    fear  the    heavy  currents  con- 
sequent    on     switching     in     large     transformers.     The 


^1 


DISCUSSION   ON   "TRANSFORMERS   FOR   ELECTRIC   FURNACES." 


613 


magnitude  of  these  currents  depends  on  the  design  and 
switching  arrangements,  and  in  most  cases  it  rarely 
exceeds  50  per  cent  of  the  normal  load  current,  and 
then  only  for  one  or  two  periods.  The  sudden  and 
heavy  overloads  referred  to  by  the  author  are  those 
experienced  during  the  melting  period.  If  a  2,000  k.v.a. 
plant  requires  peak  loads  due  to  short-circuits  in  the 
melting  period  of  i-6  to  2-3  times  full  load,  then  the 
supply  companies  have  to  cater  for  these  loads.  On 
a  small  station  of,  say,  10,000  k.v.a.  this  peak  represents 
a  large  percentage  and  hence  must  be  considered. 
The  author  does  not  know  of  any  failure  that  could  be 
attributed  to  "  switching  in."  All  failures,  as  far 
as  his  experience  goes,  can  be  traced  to  load  periods, 
through  failure  of  insulation,  tappings,  switchgear  or 
improper  operation,  and  chiefly  the  latter  cause.  Charg- 
ing resistances  are  not  all  that  Mr.  Radcliffe  suggests, 
and  the  author  knows  of  many  plants  in  which  they 
have  had  to  be  cut  out  so  as  to  give  satisfactory  opera- 
tion. The  E.M.F.  wave-form  is  hardly  affected  by  the 
transformer  unless,  as  the  author  has  already  stated, 
the  design  be  a  narrow  one  and  high  saturation  be  used 
in  the  magnetic  core  or  magnetic  shunts,  if  any.  Any 
abnormal  wave-form  incidental  to  load  conditions  will 
be  found  also  on  the  supply  side  of  the  feeder. 

Mr.  Binns  is  entirely  in  agreement  with  the  author 
on  many  points  and  especially  the  causes  of  the  trouble 
experienced  in  the  past  by  all  manufacturers  of  furnace 
transformers.  The  serious  overloading  has  in  many 
instances  been  the  sole  cause  of  the  short  life  of  the 
transformer.  As  these  conditions  are  somewhat  ex- 
cusable at  a  time  of  national  crisis,  such  as  during  the 
war,  the  author  hopes  that  steel  manufacturers  and 
other  users  of  electric  furnaces  will  be  more  moderate 
in  their  demands  and  adhere  to  the  designed  ratings. 
The  increase  in  section  from  2  or  3  inches  below  oil 
level  to  above  oil  level  is  in  the  author's  opinion  highly 
desirable,  for  in  many  cases  the  overheating  of  the  leads 
has  resulted  in  higher  transformer  temperatures.  This 
is  because  the  heat  there  generated  has  flowed  into 
that  particular  part  of  the  circuit  on  account  of  a 
difference  of  temperature.  High  temperatures  in  the 
leads  tend  to  disintegrate  the  oil  at  the  oil  level,  and 
hence  should  be  avoided.  While  the  author  states 
certain  minimum  distances  between  transformers,  he 
does  not  object  to  higher  values.  The  distances  given 
are  the  minimum  for  efficient  \entilation.  Mr.  Binns's 
remarks  about  core  and  shell-type  design  are  anything 
but  clear,  and  the  author  would  suggest  that  Mr.  Binns 
is,  from  his  remarks,  hardly  familiar  with  the  true 
definition  of  core  and  shell-type  transformers.  Mr. 
Binns  suggests  that  these  problems  should  be  approached 
with  an  open  mind,  and  the  author  agrees,  for  an  open 
mind  is  one  of  the  most  valuable  assets  of  an  engineer. 
The  question  of  horizontal  cores  has  already  been  dealt 
with  by  the  author  in  his  reply  to  Mr.  Furlong's  remarks. 
Mr.  Binns's  remarks  concerning  mechanical  stresses  on 


rectangular  coils  are  in  the  author's  opinion  erroneous, 
and  he  would  refer  Mr.  Binns  to  his  reply  to  Mr.  Hoi- 
brook  (page  222). 

The  author  is  also  familiar  with  a  furnace  plant 
similar  to  that  cited  by  Mr.  Sills.  The  machine  supply- 
ing the  furnace  was  unable  to  cater  for  the  peak  loads 
during  the  melting  period,  because  the  voltage  fell 
away  in  addition  to  the  breaker  tripping.  The  intro- 
duction of  external  reactances  of  such  a  value  as  to 
limit  the  peak  to  a  permissible  maximum  overload 
of  machine,  brought  about  the  possibility  of  a  con- 
tinuous run.  The  use  of  springs  internal  to  the 
windings  is  hardly  a  question  for  this  discussion,  but 
if  Mr.  Sills  refers  to  the  paper  on  "  Large  Power  Trans- 
formers," by  Mr.  A.  G.  Ellis  and  the  author,*  he  will 
find  the  question  fully  dealt  with.  The  question  of 
oil  sludging  has  been  fully  dealt  with  in  reply  to  various 
speakers  at  other  discussions,  so  there  is  no  need  to 
amplify  it  here. 

Mr.  Hill  is  quite  correct,  in  the  author's  opinion, 
in  stating  that  an  installation  of  the  type  under  dis- 
cussion is  often  spoiled  by  the  cheese-paring  policy  of 
many  furnace  builders  in  connection  with  the  cost  of 
the  electrical  plant.  The  author  entirely  agrees  with 
Mr.  Hill  in  his  suggestion  of  the  use  of  intermediate 
transformers  when  a  supply  has  to  be  taken  from  an 
extra-high-tension  system,  such  as  one  for  50,000  volts 
and  upwards.  The  above  case  would  be  a  rare  occur- 
rence, however,  for  on  an  extra-high-tension  system 
an  intermediate  pressure  of  5,000  to  6,000  is  usually 
available  for  local  distribution.  Figures  of  rating, 
overload  and  temperature  are  often  not  consistent  in 
many  specifications,  and  if  the  customer  would  give 
his  maximum  rating  and  maximum  temperature  re- 
quirements, he  would  in  many  cases  get  a  better  and 
possibly  a  cheaper  transformer.  Mr.  Hill's  remarks  on 
this  point  illustrate  this  fact.  The  curves  in  Fig.  9 
are  plotted  against  nominal  kilovolt-amperes,  which 
figures  are  clear  to  a  layman,  whereas  equivalent  kilo- 
volt-amperes would  be  unintelligible  to  the  lay  mind, 
though  clear  to  a  designing  engineer.  The  latter  can, 
however,  easily  plot  equivalent  kilovolt-amperes  by 
multiplying  the  abscissas  by  the  ratio  1-31/1  for  full 
output  and  i  •  155/1  for  constant-current  transformers. 
Mr.  Hill  has  correctly  surmised  the  reason  for  a  ratio 
of  1-31/1  in  voltage.  With  reference  to  the  cost 
of  furnace  transformers,  Mr.  Hill  must  not  overlook 
the  fact  that  during  the  period  between  the  reading 
of  the  above  mentioned  paper  on  "  Large  Power  Trans- 
formers "  and  the  present  paper,  several  Government 
wages  awards  were  granted  to  workmen,  which  neces- 
sarily had  to  be  covered  by  an  increase  in  cost.  Allow- 
ing for  these  awards,  a  furnace  transformer  is  approxi- 
mately 10  to  15  per  cent  more  expensive  per  equivalent 
kilovolt-ampere,  or  per  lb.,  than  a  standard  power 
transformer. 

•  Journal  I.E.E.,  1919,  vol,   57,  p.  547. 
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WITHOUT    THE 


North-Eastern  Centre,  at  Newcastle,  8  March,  1920. 


Mr.  G.  L.  Porter  :    I    wish    at    the    outset    to   con- 
gratulate the  author  upon  the  reverse  relay  described 
in  the  paper  and  especially  upon  the  voltage  character- 
istic shown  in  Fig.  12.     He  has  succeeded  in  retrieving 
the  reverse  relay  practically  from  the  scrap  heap  and 
in  making  it  suitable  for  a  great  many  positions  where 
ordinary  overload  relays  do  not  meet  the  requirements, 
and  where,  owing  to  the  absence  of  auxiliary  conductors, 
etc..    the   cost   of   balanced    protective   gear   would   be 
prohibitive.     The   author,    in    his   opening   remarks   at 
this  Centre,  stated  that  the  paper  was  not  intended  to 
apply  to  an  extensive  power  scheme,  but  only  to  the 
more  usual  small  undertaking  ;  but  as  no  such  statement 
appears  in  the  paper  itself,  and  as  small  schemes  have 
been   known   to   become  large — either   through  growth 
or  linking   up — we   must   consider   the   subject   in   the 
light  of  the  large  scheme.     There  are  two  reasons  for 
the   adoption  of   protective  gear.     These  in  themselves 
are  quite  distinct,  although  an  attempt  to  meet  the  one 
set  of  requirements  may  to  a  certain  extent  meet  the 
other.      These  are  :    (a)  to  minimize  damage  to  faulty 
apparatus,  together  with  the  prevention  of  damage  to 
other  apparatus  through  which  the   fault  is   fed  ;     (6) 
maintenance  of  continuity  of  general  supply,  by  removing 
any  fault  which  is  tending  to  interfere  with  such  supply. 
Any  protective  gear  which  is  installed  purely  to  meet 
the  requirements  of   (a)  may  be  considered  to  be  an 
insurance    premium    on    the    value    of    the    apparatus 
protected,  and  the  position  is  not  affected  by  the  amount 
of  other  plant  connected.     In  the  case  of  gear  installed 
to  comply  with  (6),  any  increase  in  the  size  of  the  system 
will  increase  the  value  of  the  genera!  supply,  and  should 
the  system  be  doubled  we  should  be  prepared  to  pay 
twice  as  much  on  the  protective  gear  installed  to  look 
after  any  individual  piece    of   apparatus.     The  impor- 
tance of   (b)  will  depend   on   the  value  placed  by  the 
management  on  continuity  of  supply,  but  gear  installed 
to   meet    [1)   will  usually   also   meet   the   requirements 
of  {a),  whereas  the  converse  is  not  true.     Far  too  much 
importance  is  often  attributed  to  low  current-settings, 
and   too  little  to  excessive  time-lags.     It  is  true  that 
any  current  above  the  continuous  rating  of  the  apparatus 
will  damage  it  in  a  certain  length  of  tinie,  but  in  practice 
"the  faults  which  do  occur  (except  in  the  case  of  com- 
paratively low-voltage  overhead  lines  with  insufficiently 
earthed  brackets,   etc.)   are  such  as  to  be  well  above 
the  settings  of  even  the  least  sensitive  forms  of  balanced 
protective  gear.     And  it  is  such  faults  which,   having 
to  draw  their  supply  from  the  kinetic  energy  stored  in 
the   rotating   plant,    are   naost   likely   to   interfere   with 
continuity   of   supply   unless   cleared   in   the   minimum 
time.     As    the    author    does    not    mention    damage    to 
plant,    and    classes    continuity    of    supply    along    with 

•  Paper  by  Major  K.  Edgcumbe  (see  page  391). 


considerations  like  simplicity,  it  is  obvious  that  he  has 
assumed    (a)   to   be   the  real  reason   for   installing   the 
gear.     He   states   on    page    391    that    the    majority   of 
faults  start  as  earth   faults,  and  yet  on   page  393   he 
makes  the  extraordinary  claim  for  time-lags  that  they 
will  result  in  preventing  the  switch  from  opening  until 
the  current  has  died  down  considerably.     This  claim 
is  obviously  made  on   the  assumption   that  the  fault 
starts    as    a    short-circuit.     Actually    the    time-lag    is 
giving   the   fault   an   opportunity   to   become   a   short- 
circuit  before  the  switch  opens,  and  may  result  in  the 
latter  opening  on  the  very  peak  of  the  curve.     Although 
there  is  considerable  scope  for  reverse  relays  in  certain 
cases,    I   would  point  out  that   in   general  such  relays 
only  give  a  first  appro.ximation  to  the  location  of  the 
fault)^  apparatus,  and  the  author  has  to  fall  back  on 
the   method   of   graded   time-lags.     Even   in   the   most 
com.plicated  system  shown  (Fig.  16)  there  are  only  four 
substations  and   yet  there  are   minimum  time-lags   of 
2  J  seconds.     One  dare  not  try  to  imagine  those  necessary 
on  a  system  like  that  in  this  district  where  there  are 
about  400  substations.      Our  experience  in  this  district 
is  that  when  a  fault  occurs  on  a  line  protected  by  balanced 
protective  gear  with  quick-break  switches,  it  is  unusual 
for  the  staff  in   the  power  stations  to  be  aware  that 
anything  has  happened,  whereas  even  a  much  shorter 
time-lag  than   those  mentioned  by  the  author  results 
in  more  or  less  disturbance  on  the  system.     The  ordinary 
inverse  time-limit  relay  has  too  short  a  useful  range, 
and  due  to  various  imperfections  largely  resulting  from 
the   use   of  iron   in   relay  or  transformer   there   is  the 
horizontal  part  of  the  curve  commended  by  the  author. 
These  excessive  minimum  times  could  be  avoided  were 
higher    current -settings    used.     Should    the    necessary 
current-setting  come  out  too  high,  an  additional  relay 
with  lower  times  might  be  used  to  extend  the  current 
range   downwards,    until  such  time   as   the   author   or 
some  other  inventor  brings  out  a  relay  with  an  effective 
range   long   enough   for   the   purpose.     The    time-limit 
fuse  has  a  longer  effective  range  than   the  relay  and 
has,  what  is  an  important  feature  in  many  cases,  viz. 
low  inductance.     In  really  modern  switchboards,  current- 
transformer  primary  shunts  (Fig.   27)  cannot  be  used, 
and  when  a  fault  occurs  close  to  a  station  where  there 
are  many  lead-covered  cables  connected  to  the  board 
and    where    there    is    consequently    large    electrostatic 
capacity  with  minimum  inductance,  at  the  instant  of 
breakdown   when   the  capacity   is  suddenly   being   dis- 
charged the  rate  of  change  of  current  in  the  current 
transformer   primary   reaches   an   enormous   value   and 
the    secondary    voltage    with    an    inductive    circuit    is 
correspondingly  large.     I   have   known   it  jump  across 
li  inches  in  air  between  an  ammeter  terminal  and  the 
case.     .'Although   this   voltage   is   only   transient,    there 
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is  considerable  risk  of  breakdown  between  the  turns  of 
any  relay  winding  not  shunted  by  a  fuse.  On  page  391 
the  author  refers  to  "  Simplicity  of  the  apparatus 
involved,"  but  it  seems  to  me  that  three  aspects  of 
simplicity  are  involved  :  simplicity  of  main  circuit, 
simplicity  of  system  operation,  siniplicity  of  secondary 
circuits.  1  have  stated  these  in  the  order  of  relative 
importance,  and  would  suggest  that  the  first  has  not 
been  given  due  consideration  in  the  design  of  certain 
forms  of  protective  gear.  Merz-Price  feeder  protection 
which  uses  straight-through  bar-type-prlmary  current 
transformers  entails  the  minimum  complication  of  the 
main  circuit  and,  along  with  the  other  forms  of  really 
discriminating  protective  gear,  interferes  to  the  minimum 
extent  with  system  operation.  Reverse  relays  such  as 
the  author's  necessitate  potential  translormers  and, 
however  robust  these  may  be  in  themselves,  their 
connecting  up  and  their  protection  are  weak  spots  on 
any  switchgear.  In  addition,  no  scheme  of  graded 
tim.e-limits  can  fit  in  with  the  various  arrangements  of 
network  resulting  from  the  opening  and  closing  of 
switches  on  an  interconnected  system  ;  and  to  ask 
suppl\-  engineers  to  run  their  systems  to  suit  the  form 
of  protection  used,  or  to  reset  all  their  relays  when  a,iy 
switching  is  carried  out,  is  asking  a  great  deal  too 
much.  I  am  also  afraid  that  such  engineers  would  not 
appreciate  the  author's  suggestion  of  no-volt  relays 
arranged  to  trip  feeder  switches  in  substations  especially 
in  cases  where  there  is  no  continuous  attendance. 
There  seems  to  be  an  impression  that  i\Ierz-Price  pro- 
tection involves  excessively  high  settings.  Although 
this  is  a  mistaken  idea,  recent  improvements  have 
considerably  lowered  the  settings  available.  These 
consist  of  the  Beard  screened  pilot  cable  and  the  Fawsett- 
Parry  sensitive  relay.  So  far  I  have  dealt  mainly 
with  line  protection,  but  in  the  case  of  transformers 
faults  between  turns  nearly  always  result  in  the  bursting 
of  the  winding  and  sufficient  resulting  fault  current 
to  trip  any  gear.  In  generators,  however,  the  winding 
is  usually  much  more  robust,  and  gear  which  will  operate 
at  once  on  a  fault  between  turns  would  be  very  valuable. 
The  only  gear  that  I  have  heard  of  which  seems  likely 
to  do  this  is  that  put  forward  recently  by  Kayser,  in 
which  the  voltages  of  the  two  halves  of  a  generator 
■winding  are  balanced  against  each  other.  In  con- 
nection with  the  author's  claim  that  the  self-resetting 
feature  of  his  relay  is  an  ad%-antage,  I  would  state 
that  we  ha\-e  found  it  advisable  to  insist  that  an 
indication  be  given  of  which  phase  relay  has  operated, 
and  the  most  satisfactory  way  of  ensuring  that  the 
indicator  has  been  reset  before  the  switch  is  again 
closed  is  to  use  the  relay  movement  as  the  indicator. 
In  the  early  part  of  the  paper  the  author  recommends 
earthing  the  neutral  of  a  system,  and  yet  on  page  405 
he  gives  in  tabular  form  comparative  figures  of  the 
current  which  must  be  passed  by  the  neutral  resistance 
in  order  to  trip  various  kinds  of  rela3's.  The  under- 
Ijang  assumption  apparently  is  that  the  smaller  this 
current  the  better.  But  the  smaller  the  current  passed 
by  the  resistance  the  more  the  system  departs  from 
the  ideal  of  an  earthed  neutral,  and  on  the  large  power 
scheme  in  this  district  the  value  of  the  resistance  is  not 
based  upon  relay  settings  at  all,  but  on  a  compromise 


between  two  opposing  aims.  We  wish  to  limit  the 
earth  fault  current  in  order  to  prevent  the  induced 
voltage  in  adjacent  telephone  cables  from  causing 
damage.  At  the  same  time  we  wish  to  anchor  the 
neutral  to  earth  potential  sufficiently  to  prevent  one 
fault  resulting  in  the  breakdown  of  weak  points  on 
other  phases  and  so  producing  simultaneous  earth 
faults,  when  the  current  will  be  no  longer  limited  by 
the  jieutral  resistance  and  much  more  damage  result. 
This  latter  consideration  necessitates  a  much  lower 
value  of  neutral  resistance  than  would  be  chosen  from 
the  relay-tripping  point  of  view. 

Mr.  H.  'W.  Clothier  :  In  the  author's  verbal 
remarks  he  mentioned  that  the  devices  described  in 
the  paper  were  intended  for  existing  systems  where  a 
limited  purse  did  not  warrant  the  use  of  the  more 
perfect  balanced  protective  systems  of  the  kind  which 
had  their  origin  and  development  on  the  large  power 
system  of  this  district.  This  is  an  important  admission, 
and  it  should  be  observed  that  a  different  impression 
might  be  created  on  reading  the  paper.  I  find  there  is 
but  httle  in  the  paper  which  can  be  utihzed  to  advantage 
on  large  systems,  and  I  now  understand  that  it  is  not 
the  author's  intention  to  disturb  the*  well-established 
practices.  The  instantaneous  isolation  of  faults  on 
large  power-supply  systems  with  extensive  inter- 
connected networks  has  had  considerable  attention  in 
this  countrj',  and  has  been  found  by  experience  to  be 
a  very  necessary  adjunct  to  the  problem  of  continuity 
of  supply.  At  first  glance  of  the  paper  I  was  led  to 
hope  that  the  author  had  found  some  useful  apphcation 
of  Price's  leakage  protection.  Leakage  protection  in 
its  early  days  was  considered  for  generators,  busbars 
and  feeders,  but  its  use  settled  down  to  mines,  where 
it  was  essential  to  isolate  faults  to  earth  with  great 
rapidity'  in  order  to  prevent  such  faults  from  causing 
"  open-sparking."  The  special  virtue  of  leakage  pro- 
tection is  its  property  of  operating  instantaneously  at 
Ught  fault-settings,  clearing  such  faults  so  promptly  as 
to  prevent  them  from  spreading  to  more  serious  dis- 
turbances. I  am  disappointed,  therefore,  to  find  that 
the  author's  proposals  are  all  based  upon  a  delayed 
action,  thus  depri\'ing  leakage  protection  of  its  main 
virtue.  The  simplification  of  relays  and  protective 
systems  on  large  power  systems  has  been  one  of  the 
fundamental  principles.  A  good  margin  for  reliability 
of  operation  is  of  greater  importance  than  extreme 
sensitiveness  in  operation,  ajid  I  would  prefer  a  system 
which  allows  for  the  use  of  robust  mechanism  and 
relays  to  one  which  requires  extremely  sensitive  devices, 
so  deUcate  in  construction  as  to  need  sealing  up  like  a 
switchboard  instrument.  Notwithstanding  the  author's 
opening  remarks  about  "  simple  means  and  well-tried 
apparatus,"  I  find  that  the  relays  proposed  are  really 
of  a  complicated  nature,  involving  connections  which 
are  so  complex  that  they  have  to  be  omitted  from  the 
diagrams.  Time-lag  discrimination  prolongs  the  hfe  of 
the  fault  and  thus  increases  risks  of  fire  and  in  other 
ways  spreads  the  damage.  In  many  cases  the  fire  may 
lead  to  serious  explosions.  It  is  important  to  limit 
the  damage  caused  by  a  fault,  particularly  on  generators 
where  a  speedy  clearance  of  the  fault  may  reduce  the 
cost  of  repairs  by  some  hundreds  of  pounds.     Further, 
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time-lags  upset  continuity  in  the  running  of  syn- 
chronous plant.  The  author  estimates  an  interval  of 
2  seconds  as  the  upper  limit,  and  for  substations  con- 
taining synchronous  machinery  this  figure  must  be 
considerably  reduced.  It  would  be  helpful  to  have  a 
recognized  limit.  Possibly  the  interval  will  vary  with 
the  experiences  on  different  systems  according  to  the 
size  and  type  of  plant.  On  inquiry  made  of  a  very 
large  system,  I  was  informed  that  0-5  second  is  an 
absolute  limit.  In  this  case  protective  apparatus  should 
not  occupy,  in  its  complete  cycle  of  operations  from 
the  occurrence  of  a  fault  to  the  opening  of  the  switch, 
a  greater  time  than  0-25  second,  as  there  must  always 
be  a  good  margin  in  design  to  allow  for  the  unexpected 
to  happen.  The  time  taken  by  the  mechanism  of 
switches  when  operating  from  the  passing  of  current 
through  the  trip  coils  to  the  separation  of  the  sparking 
contacts,  may  be  o- 1  to  o- 15  second,  thus  leaving  only 
o-i  to  0'i5  second  as  a  maximum  for  the  operation  of 
relays.  Graded  time-lag  discrimination  is  out  of  the 
question  in  these  circumstances.  Another  case  against 
time-lag  as  a  discriminating  protection  on  feeders  and 
generators  is  associated  with  Fig.  5,  which  shows  the 
transient  short-circuit  characteristic  of  a  turbo-alter- 
nator. This  would  represent  a  fault  in  the  nature 
of  a  dead  short-circuit  suddenly  applied,  and  the  current 
would  die  down  to  a  lower  value  before  the  switch 
opens,  with  the  advantage  of  reducing  the  stresses  of 
the  switch.  But  if  the  fault  at  its  early  stages  is  an 
incipient  one,  such  for  instance  as  an  earth  fault  limited 
in  amplitude  for  a  time  by  the  earthing  resistance,  the 
fault  grows  during  the  allowed  time-lag.  In  that  case 
the  time-lag  acts  to  the  disadvantage  of  the  switch. 
The  fault  may  even  develop  to  a  short-circuit  between 
phases  at  a  moment  which  would  concur  with  the 
separation  of  the  sparking  contacts  of  the  switch,  in 
which  case  the  switch,  in  consequence  of  the  time-lag, 
would  have  to  break  circuit  at  the  extreme  maximum 
current  wave.  This  would  be  disastrous  to  a  switch 
designed  to  take  advantage  of  the  use  of  a  time-lag. 
Referring  to  Figs.  15  and  16,  the  author  states  in  one 
place  that  "  reverse  relays  "  cannot  be  used  since  the 
flow  of  current  may  be  in  either  direction  under  quite 
normal  conditions,  but  in  another  the  relays  R2,  R3, 
and  R5,  are  called  "  reverse  relays."  I  understand 
the  explanation  of  this  contradiction  is  that  the  relays 
used  are  not  strictly  reverse  relays,  but  rather  overload 
relays  with  a  potential  element  so  arranged  that  opera- 
tion is  on  overload  in  one  direction  only.  Is  it  not  a 
uni-directional  overload  inverse  time-limit  relay  ?  The 
device  is  dependent  upon  a  potential  element  which 
necessitates  the  use  of  a  potential  transformer,  par- 
ticularly undesirable  when  used  upon  high-tension  sub- 
station gear.  At  best,  potential  transformers  are  a 
weak  link  in  the  design  between  high  and  low  tension. 
Moreover,  when  the  system  becomes  larger  and  more 
complex,  the  greatest  difficulties  will  be  encountered 
in  finding  places  where  these  uni-directional  devices 
will  work,  owing  to  the  fact  that  the  direction  of  power 
is  constantly  changing  under  normal  operations,  and 
any  additional  substations  or  generating  stations  will 
call  for  a  revision  of  the  settings  of  relays  throughout 
the    system.     Another    misleading    comparison    occurs 


under  "  protection  of  parallel  feeders  "  (page  397),  where 
it  is  stated  that  the  use  of  parallel  feeders  connected 
to  the  busbars  through  transformers,  enalling  the 
transformer  to  be  isolated,  as  well  as  the  feeder,  elimin- 
ates the  risk  of  isolation  through  an  abnormal  rush  of 
magnetizing  current,  such  as  may  occur  with  Merz- 
Price  transformer  protection,  for  example.  Now  the 
author  has  made  the  claim  for  the  differential  reverse 
parallel  feeder  protection,  that  it  requires  no  discrim- 
inating time-settings,  thus  following  the  fundamental 
principles  of  the  Merz-Price  or  split-conductor  pro- 
tection. He  does  not  state  his  settings,  but  the  pro- 
tective gear  does  not  prevent  the  magnetizing  current 
on  switching  in  power  transformers,  and  this  current 
is  just  as  likely  to  trip  out  parallel  feeder  and  trans- 
former protection  by  reason  of  the  current-rush  occurring 
on  one  feeder  when  switching  in  with  one  side  of  the 
transformer  open.  With  all  systems  of  parallel  feeder 
protection  one  is  confronted  with  two  conflicting 
features  : — (i)  That  a  comparatively  fine  setting  of  the 
relays  is  required  for  the  purpose  of  discrimination 
because  the  fault  current  passes  through  both  the 
round  and  the  faulty  cable;  (2)  whereas  a  heavy 
setting  is  required  to  eliminate  the  effects  of  out-of- 
balance  which  always  occurs,  even  in  the  best  made 
transformers.  It  would  be  interesting  to  have  from 
the  author  particulars  of  the  setting  of  relays,  and  the 
experience  obtained  from  the  working  of  them  in  those 
cases  where  they  have  been  "  well  tried."  But  if  the 
setting  is  anything  less  than  double  the  full-load  current 
of  the  feeder,  I  would  expect  to  find  the  niagnetizing 
current  difficulty  in  switching  in  a  parallel  feeder  and 
transformer.  One  of  the  troubles  with  parallel  feeder 
protection  is  the  "  open  circuit,"  whether  it  be  in  the 
nature  of  a  fault  or  the  operation  of  a  switch.  The 
opening  of  a  switch  at  one  end  of  a  line  creates  an 
out-of-balance  between  the  pair  at  the  other  end  of  the 
line,  and  the  chances  are  that  the  feeder  carrying  the 
load  is  the  most  likely  one  to  be  tripped  out. 

With  regard  to  parallel  feeder  protection,  the  work  of 
the  late  Captain  Waters  deserves  mention.  I  am  glad 
to  see  that  the  author  claims  the  absence  of  a  discrim- 
inating time-setting  and  I  note  that  the  problem  becomes 
a  simple  one.  I  agree  to  the  instantaneous  operation 
of  the  system  of  parallel  feeder  protection,  but  it  is 
difficult  to  ensure  that  the  relays  which  operate  on  a 
balance  of  current  and  discriminate  for  direction  thereby 
always  operate  correctly.  It  does  not  always  follow 
that  the  faulty  side  carries  the  greater  current.  The 
operation  of  any  one  switch  in  a  group  of  four  dis- 
organizes the  protection  remaining.  No  system  is 
really  complete,  nor  can  it  be  simple,  if  thought  has  to 
be  taken  of  the  effect  of  one  operation  upon  another. 
The  whole  must  be  made  up  of  units  of  protection 
capable  of  independent  operation  without  interference 
with  neighbouring  units.  I  am  glad  to  note  also  that 
at  the  conclusion  of  the  parallel  feeder  section  of  the 
paper  there  is  a  reference  to  substations  fed  by  a  pair 
of  feeders  treated  as  a  single  unit.  In  these  cases  the 
system  is  much  simplified  by  the  use  of  plain  relays  ; 
it  is  independent  of  potential  element  and  time-limit. 
This,  in  fact,  is  known  as  split-conductor  protection 
(Wedmore    and    Hunter    patents)    applied    to    parallel 
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feeders,  and  it  simplifles  not  only  the  relays  but  also 
the  switchgear,  as  one  split-conductor  switch  panel  only 
is  required  at  each  end  of  the  .pair  of  feeders.  This  is 
one  happy  exception  to  the  use  of  time-limit  and  reverse 
relays  which  the  author  has  made  in  his  recommenda- 
tions. This  method  has  been  usefully  applied  on 
large  systems,  has  many  advantages,  and  is  a  handy 
way  of  re-organizing  the  protection  on  an  existing 
system.  On  page  394  the  author  refers  to  Merz-Price 
and  split-conductor  protection,  and  adversely  criticizes 
these,  as  he  says  the  instantaneous  action  is  "  entirely 
lost  "  on  the  occurrence  of  substation  busbar  faults. 
This  is  misleading.  The  principles  of  IMerz-Price 
protection  may,  if  required,  be  applied  to  the  isolation 
of  busbar  faults,  but  even  so  it  is  desirable  at  the  main 
outlet  for  transmission,  such  as  feeders  leading  out 
from  the  power  station,  to  have  a  second  line  of  defence, 
which  I  would  prefer  to  be  in  the  form  of  a  short  and 
definite  time-limit  overload  release  with  a  reasonably 
heavy  setting.  The  author  has  this  second  line  of 
defence  on  his  graded  overload  system,  but  it  labours 
under  the  disadvantage  of  needing  a  long  time-lag. 
It  should  be  noted  that  the  adverse  remarks  are  made 
under  the  heading  of  independent  feeders  for  which, 
in  the  ordinary  course,  the  point  of  using  Merz-Price 
and  split-conductor  is  not  so  vital  as  for  ring  mains. 
From  a  continuity  of  supply  point  of  view,  a  lay-out  on 
the  lines  of  Fig.  4  would  be  considered  very  bad  and 
would  not  be  a  practical  proposition  upon  a  large  supply 
system.  I  think  that  low-voltage  devices  should  always 
be  accompanied  with  a  time-limit  action  to  guard 
against  incorrect  operation  during  momentary  voltage 
irregularities,  but  I  do  not  think  the  author's  suggestion 
(page  400)  to  introduce  low-voltage  devices  for  the 
purpose  of  clearing  busbar  faults  in  substations  will  meet 
with  general  acceptance  owing  to  the  danger  of  a  fault 
on  one  part  of  the  system  reducing  the  voltage  elsewhere, 
which  might  operate  such  relays  in  several  substations 
and  thus  constitute  a  menace  to  the  continuity  of 
supply.  The  introduction  of  a  bias  control  of  pro- 
tection system  is  one  worthy  of  full  consideration, 
and  in  this  connection  a  reference  to  McColl's  patents 
should   be   made  as  well  as  to   Fig.    10. 

One  salient  factor  in  the  general  principle  of  earthing 
the  neutral  is  to  fix  the  neutral  point  at  earth  potential 
as  a  precaution  against  surges  and  high-voltage 
phenomena.  For  this  purpose  the  ohmic  resistance 
should  be  as  low  as  possible  and,  were  it  not  required 
to  reduce  the  shock  to  the  system  on  the  occurrence 
of  earth  faults,  the  neutral  point  might  to  advantage 
be  connected  solidly  to  earth.  In  determining,  there- 
fore, the  current  which  should  be  allowed  to  pass  through 
the  earthing  resistance,  the  current  required  for  the 
-operation  of  the  relays  should  not  be  the  only  con- 
sideration, and  so  the  table  on  page  403  comparing 
the  minimum  current  in  earthing  resistances  loses  sonie 
of  its  significance.  When  instantaneously  operated 
relays  are  used,  there  is  no  particular  virtue  other  than 
a  possible  reduction  in  the  initial  cost  of  the  resistance 
in  using  earthing  resistances  of  high  ohmic  value,  and 
neither  the  cost  nor  the  type  of  the  resistance  should 
be  the  only  determining  factors  in  the  selection  of  fault- 
isolating  devices.     The  amount  of  the  resistance  cannot 


be  determined  only  as  a  percentage  of  the  current  of 
the  largest  generator,  for  it  must  also  take  into  account 
the  current  required  to  operate  protective  apparatus  on 
the  feeders  most  remote  from  the  generating  station. 
To  rely  upon  the  negative  temperature  coefficient  of 
the  artificial  neutral  resistance  as  a  current-growing 
medium  is  contrary  to  the  principle  of  instantaneous 
isolation  of  faults  and  I  think,  therefore,  the  comparison 
which  might  be  drawn  from  this  table  between  Merz- 
Price  or  Merz-Beard  protection  and  reverse  relay 
generator  protection  does  not  count  for  much.  Anyhow 
it  is  quite  possible  to  reduce  materially  the  current- 
setting  of  the  Merz-Price  or  Merz-Beard  (iclf-balance 
protection),  if  all  that  is  required  is  a  finer  setting. 
As  a  general  rule  I  think  it  is  better  to  have  the  coarser 
setting.  Relays  are  all  the  better  for  plenty  of  margin 
for  operating  inaccuracies.  Merz-Price  and  Self-balance 
(Beard)  generator  protection  are  in  satisfactory  operation 
at  or  below  percentage  fault-settings  comparable  with 
that  given  for  the  reverse  relay,  viz.  33  per  cent  of 
generator  capacity.  But  I  would  rather  increase  the 
minimum  current  through  the  earthing  resistances. 
I  believe  the  use  of  reactances  for  earthing  the  neutral 
is  not  without  practical  precedent.  The  theoretical 
objections  taken  by  the  author  may  be  correct  in 
substance,  though  in  effect  somewhat  overdrawn. 
There  is  at  least  this  to  be  said  in  favour  of  the  reactance, 
that  it  is  a  more  mechanical  piece  of  apparatus  and 
for  an  equivalent  current-rating  it  may  be  made  more 
compact.  It  also  has  the  advantage  that  in  con- 
struction it  lends  itself  to  the  principle  of  complete 
metal-clad  enclosure  of  all  conductors.  The  carbon 
powder  resistance  shown  (Fig.  22),  consisting  of  a 
standard  size  of  earthenware  troughing  built  up  in  the 
required  number  to  suit  the  voltage  of  the  system  and 
the  current  to  be  passed,  may  be  a  reasonable  form 
of  open-type  apparatus  and  quite  suitable  for  small 
currents,  but  for  larger  currents  and  higher  voltages 
the  troughs  are  proportionately  more  numerous.  In' 
consequence  the  initial  cost  and  space  occupied  advance 
beyond  what  might  be  expected  of  a  construction  if 
designed  expressly  for  the  larger  currents.  Except  for 
the  purpose  of  saving  in  initial  cost,  the  current-growing 
characteristics  of  carbon  are  not  necessarily  advantageous 
when  used  as  an  earthing  resistance.  Considered  from 
the  point  of  view  of  the  protective  systems,  for  example, 
it  is  contrary  to  the  demand  for  instantaneous  release 
of  faults.  In  this  hght  it  would  be  highly  undesirable 
to  use  a  resistance  as  stated  in  the  paper  (page  404), 
which  would  require  15  to  20  seconds  to  allow  the  fault 
current  to  develop  to  the  amount  required  to  operate 
the  switches.  It  was  opportune  that  Mr.  Porter  was 
called  upon  to  open  this  discussion.  His  view  is  that 
of  the  user.  The  balanced  protective  systems  which 
the  author  has  mentioned  in  the  paper  with  scant 
praise  are  the  outcome  of  urgent  necessity  which  had 
at  all  costs  to  be  complied  with.  It  is  fundamental 
to  the  design  of  relays  used  for  the  systems  advocated 
by  the  author  to  include  a  current  and  potential  coil, 
whereas,  with  the  balanced  systems  of  Merz-Price  and 
spht-conductor,  the  simplest  form  of  relay  is  used, 
namely,  one  having  only  a  current  coil.  This  is  an 
important  distinction   in   principle,  as    it    carries   with 
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it  the  use  or  not  of  potential  transformers  and   con- 
nections.    The  author  asked  for  comments  from  switch- 
gear  manufacturers  on  his  statement  that  the  objection 
of  the  past  to  the   use   of  potential   transformers  has 
been  due  to  the  construction  and  arrangement  of  them 
upon   the   svvitchgear.     In   order  to   overcome   this   he 
proposes    to    use    single-phase    transformers    with    the 
phases  well  separated  and  the  neutral  earthed.     In  some 
switchgear  single-phase  potential  transformers  in  sepa- 
rate chambers  are  used,   but   I  do  not  think  that  is  a 
solution  of  the  objection  to  using  potential  transformers 
for    protection    in    substations.     There    is     no    insur- 
mountable   difficulty    in    separating    the    phases,     but 
potential    transformers    are    subject    to    phenomena    of 
their  own,  such  as  abnormal  magnetizing  current  and 
abnormal  voltage  in  end  turns  at  switching  operations 
and    changes    in    the    main     voltage.     The    potential 
transformer  may  be  made  very  substantial,  but  at  best 
it  must  be  the  part  of  the  switchgear  where  the  high- 
tension    conductors    are    carried    close    to    low-tension 
conductors  and  earth.     Separating  the  phases  does  not 
cure  this.      Good  insulation  between  turns,  particularly 
the    high-tension    end    turns,     the    immersion    of    all 
conductors  to  avoid  sparking-over  at  terminals,  is  the 
best  safeguard  ;    but  given  all  this,  it  is  not  desirable 
to  place  potential  transformers  directly  on  the  busbar. 
There  should  be  an  oil-break  switch  between  them  and 
the  busbar.     It  is  not  customary  to  earth  the  neutral 
point  of  potential    transformers   for  wattmeters.     Pre- 
sumably  on  insulated  neutral  systems  it  would  not  do 
because,    in  the  event   of  one   phase  on  the  main  net- 
work going  to  earth,  the  full  voltage  would  come  across 
the    potential    coil    on  the    other    phases    and    would 
considerably    overload    them.     On  an  earthed  system 
it  is  not  permitted  to  earth  at  more  than  one  place, 
so   that    to    earth    at    the   neutral    point   of    potential 
transformers    in    substations    would    be    a    technical, 
though    perhaps    not    serious,    breach    of    the     Board 
of    Trade    rules.      I    agree    with    the    author    that    it 
is     not     permissible     to     mix     the     protective     gear 
and    wattmeter     current    transformers    owing    to    the  ' 
complication  of  connections  involved,   and  the  risk  of 
the  meter  man  accidentally  interrupting  the  protective 
gear    connections,    and    maybe    thereby    tripping    out 
switches  carrying  load.     The  same  argument  applies  to 
potential    transformers    when    required    for    protective 
gear.     If  these  ideals  are  carried  out,  the  multiplicity 
of    potential    transformers    in    substations    would    con- 
stitute an  extravagance  in  maintenance  costs.     The  risks 
to  the  potential  transformer  coils  and  connections  are 
repeated  on  the  potential  coil  and  connections  of  the 
relay.     Unless     very     substantially     constructed,    any 
pressure  coil  is  subject  to  greater  risk  of  deterioration 
than  current  coils.     It  is  much  better  to  cultivate  the 
use   of   protective   systems   which   do   not   require   the 
service   of  such   parasitical   details   as   potential   trans- 
formers and  potential  coils  on  relays. 

Mr.  J.  R.  Beard  :  The  author  rather  disarms 
criticism  by  prefacing  and  concluding  his  abstract  of 
the  paper  with  statements  that  it  is  primarily  intended 
to  apply  to  the  protection  of  existing  systems  of 
relatively  small  size,  and  should  therefore  not  be 
construed  as  a  criticism  of  the  well-known  protective 


devices  using  "  special  conductors  "  for  extensions  on 
large   systems.     It   is   a    pity  that    the   author's  views 
were  not  more  clearly  expressed  in  the  paper,  as  both 
the    title    and    the    contents    would,    without    such    an 
explanation,  lead  the  reader  to  think  that  the  methods 
described    were    a    universal    panacea    for    all    system- 
protection   difficulties,    at   the   negligible   expense   of  a 
few   special   relays.     The   inference   from   the   author's 
introductory  paragraph  is  that   feeder  protection  is  a 
pressing    problem    which    still    awaits    solution.     The 
actual    position    to-day   is    that    apart    from    relatively 
minor  improvements,   the    problem    is   solved   for  new 
feeders.     I  see  no  reason  for  requiring  a  general  solution 
applicable  to  both  existing  and  new  feeders,  especially 
since,  so  far  as  linking  of  systems  is  concerned,  this  will 
usually   be   carried   out   through   the   medium   of   new 
feeders.     It  is  always  a  mistake  to  allow  past  practice 
to  influence  future  practice  unduly,   more  particularly 
in   a   growing   business   such   as   electricity   supply,    in 
which  at  the  present  rate  of  progress  systems  double 
in  size  at  least  every  lo  years.     In  so  far  as  the  paper 
assists  us  in  dealing  with  the  admitted  difficulty  of  the 
protection    of   existing    networks   it   is    to    be    heartily 
welcomed,  but  it  is  only  fair  to  point  out  that  in  the 
case  of  at  least  one  very  extensive  existing  network  a 
practically  complete  scheme  of  protection  using  paired 
cables   for    split-conductor   protection    is   in    successful 
operation.     I  believe  the  author  will  agree  on  reflection 
that  his  criticism  on  page  394  of  the  Merz-Price  and 
split-conductor   systems   is    not    quite    fair.     I    do    not 
see  any  disadvantage  in  the  "  watertight  compartment  " 
feature.     In  fact,  it  appears  to  me  to  be  an  advantage, 
as  the  feeder  is  then  protected  for  good  and  all  and 
is  not  mixed  up  with  the  rest  of  the  system,  so  that  it 
is    unaffected   by   extensions.     In    any   case,    the   very 
rare  occasions  when  busbar  faults  occur  can  be  taken 
care   of   by   methods   akin   to   those   which   the   author 
recommends  for  general  use.     Thus,  it  appears  to  me, 
that  so  far  from  these  special  systems  leaving  no  second 
line  of  defence,  the  author's  methods  really  abolish  the 
first  line  of  defence  and  rely  on  the  second.     It  is  quite 
a  mis-statement  to  say  that  in  using  overload  protection 
for    the    second    line    of    defence    the    simplicity    and 
instantaneous  action  of  the  automatic  protective  gear 
is  entirely  lost.     It  is  only  lost  in  the  exceedingly  small 
number  of  cases  where  a  busbar  fault  occurs.     I  would, 
however,  point  out  that  in  the  parallel  feeder  arrange- 
ments  mentioned  later  on  page   400,   the  same  disad- 
vantage is  admitted  and  a  rather  extraordinary  remedy 
proposed,  namely,  low-voltage  relays  on  all  feeders  into 
the    substation — a    system    which    I    think    operating 
engineers  would  agree  would  not  be  practicable.     From 
time  to  time   I   have  found  engineers  fight   shy  of  the 
Merz-Price  and  split-conductor  systems  because  of  the 
skilled  supervision  w-hich  they  are  believed  to  involve. 
I  hesitate  to  think  of  the  supervision  which  would  be 
necessary   with   the   author's   systems   where,    as   men- 
tioned on  page  395,  re-adjustments  of  time  and  current 
settings  are  continually  necessary.     I  agree  that  there 
is    a    limited    field    for    parallel    feeder    protection.     In 
general,  however,  it  is  not  economical  to  run  two  feeders 
by  the  same  route,   and  hence  any  protective  system 
involving  parallel  feeders  is  of  very  restricted  application. 
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The  saving  on  the  main  cables  by  adopting  pilots  or 
spht-conductors  much  more  than  offsets  their  additional 
cost  compared  with  parallel  feeders.  As  an  instance, 
1  may  say  that  in  connection  with  my  paper  *  on  the 
"  Design  of  High-Pressure  Distribution  Systems  "  I 
worked  out,  as  a  matter  of  interest,  a  theoretical  com- 
parison between  a  I\Ierz-Price  protected  network  and  a 
parallel  feeder  network  and  found  the  overall  cost  of 
the  latter  to  be  at  least  20  per  cent  greater.  In  the 
section  dealing  with  the  protection  of  interconnectors 
and  ring  mains  I  believe  the  author  endeavours  to 
apply,  to  conditions  which  are  beyond  their  capacity, 
the  admittedly  useful  relays  which  he  has  described. 
In  Fig.  16  he  shows  an  arrangement  for  two  power 
stations  and  four  substations,  and  already  admits  the 
time  settings  are  long,  and  recommends  the  doubtful 
complication  of  automatic  reduction  of  settings  with  fall 
of  pressure.  I  would  ask  him  whether  he  would  propose 
to  extend  these  methods  to,  say,  two  power  stations 
and  50  substations  on  an  interconnected  system,  much 
less  to  the  16  power  stations  and  nearly  500  substations 
on  the  large  network  of  the  North-Eastern  Power 
Companies.  The  author  him.self  admits  that  the  ring 
main  presents  a  difficult  problem.  I  would,  however, 
point  out  that  it  is  primarily  for  the  ring  main  that 
the  INIerz-Price  and  split-conductor  methods  have  been 
developed.  In  certain  instances  there  is  room  for  the 
use  of  the  forms  of  leakage  protection  shown  in  Figs.  2 
and  3.  It  is  regularly  used  on  large  systems  in  this 
district  for  single  tail-end  feeders.  I  may  mention  as 
showing  that  this  limited  field  was  appreciated  by 
Mr.  Bernard  Price,  one  of  the  originators  of  the  Merz- 
Price  system,  that  he  had  the  original  patent  for  the 
scheme  shown  in  Fig.  3.  Turning  now  to  the  pro- 
tection of  generators,  there  are  three  points  I  should 
like  to  mention.  First,  on  page  405  the  author  has 
referred  to  what  he  calls  the  Merz-Beard,  or  what  is 
more  generally  known  as  the  self-balancing  system  of 
generator  protection,  and  gives  the  current  setting  at 
50  per  cent  of  the  generator  capacity  for  both  this 
system  and  the  Merz-Price.  1  believe  that  no  figures 
of  the  settings  used  on  the  self-balancing  system  have 
hitherto  been  published,  so  that  I  do  not  wish  to 
criticize  the  author  but  trust  he  will  not  mind  my 
correcting  him.  Several  large  machines  up  to  15,000 
k.v.a.  are  running  protected  by  the  self-balancing 
system  with  settings  of  about  10  per  cent,  and  it  has 
been  proved  under  continued  operation  that  such 
settings  are  perfectly  stable  with  this  system.  Secondly, 
on  page  401,  reference  is  made  to  the  use  of  reverse 
power  relays  for  generator  protection,  with  the  object 
of  protecting  against  loss  of  field,  internal  faults  between 
turns,  or  seizing  of  bearings,  I  am  very  doubtful 
whether  such  relays  would  really  function  under  these 
circumstances,  at  any  rate  as  reverse  power  relays, 
since  there  is  no  reason  why  power  should  flow  into  a 
loaded  machine  from  the  busbars,  except  in  the  ex- 
ceedingly unhkely  case  of  the  energy  loss  in  the  fault 
on  the  machine  exceeding  the  load  on  it.  In  this 
connection  it  should  be  borne  in  mind  that  even  if  the 
field  is  open,  the  turbine  governor  is  not  affected  and 
the  same  kilowatts  are  still  generated,   although  at  a 
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very  low  power  factor.  Thirdly,  I  should  like  to 
mention  the  rather  promising  system  of  generator 
protection  due  to  Mr.  Kayser  for  combining  protection 
for  faults  between  turns  with  protection  for  faults  to 
earth  and  between  phases.  Although  this  system  has 
not  been  tried  out  commercially,  it  probably  will  be 
at  an  early  date,  and  may  prove  a  very  convenient 
method  of  dealing  with  the  difficult  problem  of  pre- 
venting faults  between  turns  developing  into  faults 
to  earth  and  thereby  burning  the  alternator  core. 
The  principle  of  this  "mid-point"  protective  gear  is 
to  take  a  tapping  at  some  intermediate  point  on  each 
■phase  winding  of  the  generator,  preferably  the  middle, 
and  to  compare  this  with  an  equi-potential  point  on"  a 
small  reactive  winding  in  parallel  with  the  phase  winding. 
The  relays  are  designed  to  disconnect  the  alternator 
when  there  is  any  voltage  difference  between  these  two 
equi-potential  points.  Such  difference  can  of  course 
only  occur  in  the  event  of  turns  on  either  the  alternator 
or  reactance  winding  being  short-circuited,  due  to  a 
fault. 

IVIr  A.  Collins  :  The  author  has  to  some  extent 
disarmed  criticism  by  explaining  in  his  introductory 
remarks  that  his  proposals  are  intended  as  applicable 
more  particularly  to  small  systems,  where  apparently 
the  special  apparatus  used  in  the  balanced  systems  of 
protection  is  not  considered  to  be  a  commercial  pro- 
position. The  objections  to  such  apparatus,  however, 
are  not  so  serious  as  might  appear  at  first  sight,  as 
extensions  and  linking  up  frequently  lead  to  the  re- 
arrangement of  existing  switchgear,  on  the  score  both 
of  distribution  and  of  breaking  capacity,  and  this  affords 
opportunities  for  the  installation  of  new  apparatus, 
while  there  can  be  no  objection  to  introducing  improved 
systems  on  extensions.  While  I  am  prepared  to  admit 
that  the  special  apparatus  of  the  IMerz-Price  and  spht- 
conductor  systems  renders  it  impossible  to  describe  them 
as  general  solutions,  I  cannot  agree,  as  the  author  would 
appear  to  infer,  in  the  introductory  paragraph  of  his 
paper,  that  the  proposals  he  makes  are  more  general, 
as  everything  depends  upon  the  question  of  time  limit. 
In  addition  to  delaying  the  action  of  the  protective 
devices,  in  order  to  secure  discrimination,  the  time 
limit  has  to  be  increased  at  points  nearer  to  the  power 
station,  where  short-circuits  are  of  necessity  of  greater 
intensity.  The  balanced  systems  of  protection  are 
designed  for  instantaneous  isolation  of  faulty  sections, 
and  while  the  author  deals  with  the  effect  of  a  fault, 
particularly  on  rotating  machinery,  and  suggests  the 
desirabihty  of  quick  operation,  he  proposes  to  carry 
out  most  of  his  protection  by  means  of  a  time-limit 
system.  It  is  his  intention,  I  think,  that  a  fault  should 
be  disconnected  as  quickly  as  possible,  within  the 
hmitations  of  his  proposals.  Speed  of  operation  is  one 
of  the  most  important  features  of  a  protective  system, 
as  this  has  particular  reference  to  the  behaviour  of 
rotating  machinery  when  a  fault  occurs  on  the  system. 
The  author  refers  on  page  393  to  the  time  hmit  per- 
missible, and  considers  that  for  synchronous  machinery 
the  maximum  figure  of  2  seconds  suggested  must  be 
considerably  reduced.  It  is  of  interest  to  consider  the 
case  of  ordinary  induction  motors,  which  form  an 
important   part   of   the   load   in   industrial   areas.     An 
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average  induction  motor  falls  out  of  step  at  about  60 
to  70  per  cent  of  its  normal  working  voltage,  and  if  it 
is  to  continue  to  run  at  a  voltage  below  this  and  still 
carry  its  load,  with  the  possibility  of  sudden  overloads, 
it   is   merely   by   virtue   of   its   kinetic   energy   and   the 
condition  is  an  unstable  one.     Data  is  lacking  and  it 
would  be  of  interest  to  have  the  opinion  of  designers 
as  well  as  of  operating  engineers  on  this  point.     I  have 
in    mind    that   the   time    which   an    average    induction 
motor  would  run  with  the  voltage  reduced  appreciably 
below   the   "  pull-out  "   voltage   is   a   matter   of   a   few 
cycles.     In   Fig.    16  it  is  of  interest  to  consider  what 
would  happen  if  a  fault  occurred  on  the  feeder  running 
from  G  Sj  to  S  S4  where  a  time  limit  of  2  J  seconds  is 
suggested  at  the  power  station  end,   bearing  in   mind 
that    this    diagram    represents    a    very    small    system. 
Assuming  an  earth  fault,  the  current  being  .limited  by 
an   earthing   resistance,   as   it   is   impossible   to   isolate 
this  fault  for  at  least  2 J  seconds,  it  is  quite  possible 
that  sufficient  heat  would  be  generated  to  cause  it  to 
develop  into   a   fault  between   phases,   giving  a   short- 
circuit  to  which  there  would  be  no  limit  other  than  the 
reactance  of  the  plant.     It   is   possible   (and   although 
this  has  been  mentioned  before,   I  should  like  to  em- 
phasize it,    as   it   is   important)   that   this  short-circuit 
might  develop  just  at  the  time  when  the  feeder  switch- 
contacts  were  separating,  so  that  the  switch  would  have 
to  interrupt  the  maximum  value  of  the  short-circuit 
transient.     If   advantage   had   been   taken   of  the  sug- 
gestions  contained   in    the   paper   as   to   the   beneficial 
effects   of   time-lag,    and   in   determining   the   requisite 
rating  of  the  switches  account  had  been  taken  of  the 
reduction  of  breaking  capacity  that  might  be  possible 
due  to  delayed  action,  then  the  results  would  probably 
be  disastrous.     If,  however,  the  short-circuit  occurred 
earlier,  at  the  end  of  i  to  ij  seconds  for  example,  the 
heavy   short-circuit   would   be  left   on   the   system  for 
anything  from  i  to  ij  seconds,  pulling  down  the  voltage 
and  throwing  out  of  step  all  the  machinery  running  at 
the  time. 

Dr.  E.  Bowden  :  Tnere  is  one  matter  in  the  paper 
which,  although  bearing  only  indirectly  on  the  main 
subject,  is  I  think  of  sufficient  interest  to  warrant 
comment,  viz.  the  author's  statement  that  the  use  of 
reactance  for  earthing  the  neutral  of  a  system  cannot 
be  regarded  as  a  practical  proposition.  While  pre- 
serving an  open  mind  on  the  subject  and  recognizing 
the  disadvantages  of  a  reactance,  one  cannot  but  feel 
that  the  author  has  dismissed  it  somewhat  summarily. 
In  particular,  I  would  refer  to  the  work  recently  published 
by  Professor  W.  Petersen  in  the  Elektrotechnische 
Zeitschrijt  on  the  limitation  of  the  earth  current  by- 
means  of  an  earthing  coil.  The  earthing  coil  is  so 
dimensioned  that,  under  the  phase  voltage,  it  takes  a 
current  of  the  same  magnitude  as  the  capacity  earth 
current.  Thus,  apparently,  it  is  sought  to  set  up  in 
the  system  precisely  those  conditions  which  are  usually 
regarded  as  extremely  dangerous.  The  conclusions 
arrived  at  from  theoretical  considerations  are  supported 
by  experiments  on  an  extensive  network,  while  the 
experience  obtained  in  practice  with  such  a  reactance 


on  a  large  system  is  so  remarkable  as  to  justify  further 
consideration  of  the  scheme. 

Mr.    H.    M.   Theaker     (commutncaied)  :     There    are 
many   problems   to   be   solved   in   installing   protection 
gear    for    isolating    faulty    apparatus    from    a    system. 
One  of  these  is  that  only  the  faulty  section  is  cut  out, 
and  as  soon  as  possible  before  the  disturbance  to  the 
system  by  the  fault  can  upset  the  running  of  synchronous 
machinery.     The  author  obtains  discriminating  action 
by  grading  the  relays  with  different  time-lags.     I  think 
this    method    would    be    only    successful    on    the    very 
smallest  of  systems,  as  the  setting  of  time-lags  become 
complicated  on  a  large  one  ;    even  then  the  time-lags 
mentioned  seem  to  be  much  too  long  where  synchronous 
machinery    is    installed.     A    system    of    balanced    pro- 
tection   seems   to   meet  the    case    much  better,   which 
would  have  to  be  installed  some  time  later  in  any  case, 
when  the  system  must  eventually  grow  to  be  a  much 
larger  one.     With  reference  to  generator  protectiov,  a 
method  of  using  a  balanced  system  of  protection  for 
cutting  out  a  faulty  machine  does  not  seem  to  be  enough 
in  itself,  and  a  reverse-power  relay  is  nccessarv  so  that 
the  generators  will  be  disconnected   from  the  busbars 
in  case  of  mechanical  trouble  of  the  machine.     Some- 
times, however,  three  relays  are  fitted,  one  in  each  phase, 
consisting   of   merely   single-phase   wattmeter   elements 
with   the  moving  part   prevented   from  rotating  by  a 
stop,  but  on  reversal  closing  a  contact  in  the  tripping 
circuit  of  the  oil  switch.     If  these  relays  are  connected 
with  the  pressure  clement  in  delta  and  the  current  in 
star,   which  is   often   done,   the  generator  will  be   dis- 
connected when  the  power  factor  falls   below  0-5,  and 
this  is  not  always  desirable.     Another  method   would 
be  to   use  one  relay  connected   up   three-phase  like  a 
three-phase  two-element  wattmeter,  then  the  generator 
would  not  be  disconnected  at  all  while  any  power  was 
being  generated  in  the  forward  direction  whatever  the 
power  factor.     With  regard  to  the  methods  of  tripping 
the  circuit  breakers,  a  battery  seems  to  be  the  most 
reliable  and    simple  means    of   supplying   the    energy. 
Primary  batteries  of  the  Leclanchd  type  will  meet  the 
case  quite  well,  requiring,  as  thej'  do,  little  attention. 
Accumulators   used    for   this   purpose   would,   however, 
require  a  good  deal  of  attention,  as  they  would  never 
get  discharged  except  when  done  periodically  in  order 
to  keep  them  in  a  healthv  condition.     The  battery  may 
at  this  time  be  called  upon  to  do  its  duty  in   tripping 
a  switch  when  it  is  already  in  a  discharged  condition, 
resulting    in    failure.     An    accumulator    used    for    this 
purpose  where  there  is  not  much  work  to  do  would 
probably  not  have  a  very  long  life.     With  regard   to 
Fig,    25    where    the    current    from    the    current    trans- 
formers is  used  to  trip  the  switch  in  ca?;e  of  overload, 
I    am   of    opinion    that    a    fuse    connected    across   the 
trip  coil  is  quite  satisfactory  and  simple,  although  the 
author  docs  not  seem  to  like  using  fuses  in  this  capacity 
as  he  mentions  on  page  393.     There  is,  however,  room 
for  a  lot  of  improvement  in  the  design  of  suitable  fuse 
holders. 

[The  author's  reply  to  this  discussion  will  be  found 
on  page  636.] 
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Scottish  Centre,  at  Edinburgh,  9  March,   1920. 


Mr.  C.  W.  Marshall  :  The  author  points  out  the 
advisability  of  not  breaking  circuits  at  the  time  of 
maximum  current,  but  T  think  it  better  to  stake  every- 
thing in  an  attempt  to  clear  faults  before  they  develop 
between  phases.  The  most  ob\ious  way  of  doing  this 
is  by  increasing  the  speed  and  sensitiveness  of  the  relays 
and  switches.  This  is  especially  desirable  in  systems 
which  include  synclironous  converting  machinery.  1  do 
not  share  the  author's  regard  for  the  induction  relay 
as  I  have  found  it  to  be  subject  to  the  trouble  of  all 
instruments  using  jewels  and  piv'ots  and,  in  addition, 
the  time  calibration  is  liable  to  alter  due  to  the  de- 
magnetizing action  of  the  alternating  field  produced 
under  short-circuit  conditions.  The  example  chosen  on 
page  397  to  illustrate  the  author's  view  that  biasing  is 
valueless  does  not  represent  practical  conditions.  An 
out-of-balance  of  5  per  cent  could  never  be  tolerated, 
and  it  is  generally  quite  easy  to  balance  within  0-5  per 
cent.  Biasing  to  this  extent  is  quite  satisfactory. 
The  biasing  problem  is  closely  analogous  to  that  of 
compensating  induction  watt-hour  meters.  In  these 
instruments,  if  the  design  is  sound,  a  fair  degree  of 
accuracy  can  be  obtained  without  the  use  of  compen- 
sating devices,  and  using  these  the  accuracy  can  be 
very  high  indeed.  On  the  other  hand,  if  the  meter  is 
bad  to  begin  with,  no  amount  of  compensation  can  do 
it  much  good.  The  remarks  of  the  author  on  transient 
phenomena  are  suggestive,  and  a  paper  on  this  subject 
would  be  welcome.  In  general  the  methods  of  pro- 
tection which  he  proposes  should  be  very  useful  to 
existing  undertakings  where  special  provisions  cannot 
readily  be  made  ;  but  I  think  that  much  more  general 
methods  should  be  adopted  in  new  systems.  The 
schemes  proposed  by  Whitaker  and  McColl  seem  to  me 
to  be  worthv  of  the  closest  investigation  in  this  respect. 
Mr.  A.  E.  McColl  :  The  methods  which  the  author 
advocates,  although  possibly  thev  may  suffice  for 
smaller  systems  or  in  cases  where  the  lav-out  is  simple, 
have  been  tried  and  generally  found  wanting  on  the 
larger  and  more  involved  systems.  Personally  I  do 
not  see  how  any  reasonable  degree  of  protection  com- 
bined with  continuity  of  supply  is  possible  on  com- 
plicated systems  without  the  use  of  special  conductors. 
I  do  not  mean  to  say  that  the  author's  methods  will 
not  find  application  on  these  large  systems,  but  I  do 
not  think  they  represent  a  general  solution  of  the 
problem.  In  dealing  with  the  protection  of  inde- 
pendent feeders,  leakage  lelays  are  advocated  in  con- 
junction with  overload  relays.  The  author  has  omitted 
all  mention  of  combined  leakage  and  uns\anmetrical 
loading  devices  which  give  instantaneous  protection 
against  faults  between  any  two  phases  in  addition  to 
faults  to  earth.  A  number  of  devices  have  been  devel- 
oped for  this  purpose  and  these  should  find  a  ready 
field  of  application  to  the  cases  of  individual  feeders 
and  isolated  rotary  plant.  The  author  advocates  the 
delaying  of  the  action  of  overload  relays  so  that  on  a 
short-circuit  between  phases  the  energy  of  the  s\-stem 
may  be  partially  dissipated  before  the  switch  is  called 
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upon  to  interrupt  the  circuit.     This  is  given  as  a  good 
feature  of  the  overload  relay.     I  should  think  it  is  a 
distinct  failing.     I  have  always  held  the  opinion  that 
there  is  a  field  for  an  overload  relay  ha\-ing  a  double 
characteristic,   i.e.   a  definite  or  partially  inverse  time 
function  up  to  a  point,  and  beyond  that  the  relay  to  be 
instantaneous  in  action.     One  such  relay  has  been  put 
on  the  market,  but  I  am  not  at  all  convinced  that  the 
mechanical    features    of    the    device    are    satisfactory. 
I  see  that  the  author  does  not  specialty  commend  the 
"  watertight  compartment  systems,"   as   he  designates 
them,    owing   to   their   inability   to   operate   on   heavy 
flow  through  currents.     Some  of  us  ha\-e  been  developing 
gear  along  the  same  lines  in  which  the  special  features 
we   have   sought   to   emphasize   are,    that   the   devices 
should    be   operative   only   on   the    faulty   section    and 
inoperative  for  faults  beyond  the  section  in  question. 
It  is  quite  a  simple  m.atter  to  install  devices  which  will 
operate  with  faults  immaterial  of  their  location.     It  is  a 
different  matter,  however,  to  make  them  discriminate 
correctly    on    a    large    and     complicated    distribution 
system,   and   this   is   where   the  systems  of  protection 
which    employ    pilot    wires    and    specially    constructed 
cables   score.     The   author   recommends   that   separate 
current   transformers    be   employed    for   operating    the 
protective   gear   and    measuring   instruments.     I    must 
say  that  I  strongly  agree  with  this.     On  the  score  of 
economy  some  manufacturers  are  adopting  the  practice 
of  putting   two   secondary   windings   on   one   magnetic 
core,    one   winding    for    the    protective    gear    circuits, 
and  the  other  for  instruments.     It  may  be  desirable  to 
strike  a  note  of  warning  in  regard  to  such  an  arrange- 
ment.    It    is    generally    realized    among    station    staffs 
that   it    is   not    safe    to    interrupt    the    protective-gear 
circuits,  especially  where  the  balanced-current  system  is 
employed.     What  is  not  so  well  understood,  however, 
is  that  it  is  equally  disastrous  to  break  the  instrument 
circuits  where  transformers  with  double  secondaries  are 
employed.     In   this  case  it  simply   means  that  if  one 
winding   is   broken    the   other    winding   carries    double 
current.     For    parallel    feeder    protection    the    author 
advocates   the   employment    of   overload    and    leakage 
relays  for  the  end   adjacent  to  the  source  of  supply. 
It  seems  to  me  that  this  parallel  feeder  arrangement  may 
be  fully  protected    by  employing   interlocked    discrim- 
inating relays  which  give  instantaneous  protection  with 
faults   either   to   earth   or   between    phases.     The   only 
difference  is  that  lower  values  of  resistance  are  required 
for  the  earthed  neutral  in  the  case  of  the  former  arrange- 
ment.    Time-lags  are  suggested   for  leakage  rela3-s  on 
parallel  feeders,  but  this  should  not  be  necessarv-.     We 
can  retain  the  instantaneous  nature  of  the  protection 
for   this  class   of   protective   gear   by   interlocking   the 
leakage  relays  so  that  if  the  faulty  feeder  carries  the 
larger   share   of   the   fault   current   the   relay   operates 
instantaneously  to  disconnect  this  feeder.     Whereas,  if 
the  fault  current  should  be  equally  divided  between  the 
pair  of  feeders  the  leakage  relays  remain   inoperative 
until  the  reverse  relay  clears  the  faulty  feeder  at  the 
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remote  end,  when,  of  course,  the  leakage  current  appears 
in  one  feeder  only  and  the  relays  discriminate  to  dis- 
connect at  the  source  end  also.  I  admire  the  author's 
ingenious  arrangement  shown  in  Fig.  ii  to  obtain 
a  flat  characteristic  for  the  relay  down  to  fairly  low 
potentials  across  the  pressure  coil.  I  have  obtained 
somewhat  similar  results  with  reactive-type  relays 
without  the  compensating  winding.  It  is  mentioned 
that  this  relay  can  be  made  to  operate  with  heavy 
forward  current,  and  I  presume  the  author  refers  to 
the  transformer  action  between  the  current  coil  and  the 
compensating  winding  which  would  be  obtained  with 
heavy  current  and  low  potential.  It  seems  to  me  that 
this  is  hardly  a  desirable  feature,  and  the  diihcult)- could 
be  overcome  by  a  slight  change  in  the  connections. 
Transformers  protected  by  Merz-Price  gear  should  not 
be  disconnected  by  the  charging  current  when  switched 
into  circuit.  This  can  be  taken  care  of  by  simple  means 
without  resorting  to  fuse-shunted  relays.  I  agree  in 
regard  to  the  good  features  inherent  in  devices  operating 
on  the  biased  principle,  and  one  solution  of  the  problem 
is  shown  in  Fig.  lo.  In  this  arrangement  the  biasing 
or  puUing-off  action  is  performed  by  a  coil  of  the  open 
plunger  type  whose  pull  will  increase  roughly  as  the 
square  of  the  current.  The  operating  torque  for  the 
relay  is  given  by  two  quantities  which  may  move  in 
diverse  directions  under  severe  emergency  conditions. 
It  seems,  therefore,  that  the  bias  might  increase  under 
these  conditions  to  a  value  which  is  actually  unsafe. 
It  would  be  interesting  if  the  author  could  sav  what 
the  percentage  bias  would  be  at  30  times  full-load 
current  with  the  potential  at  2  per  cent  of  the  normal. 
This  refers  to  a  relay  with  a  normal  bias  of  10  per  cent 
at  full  potential.  I  am  in  agreement  with  the  author 
on  the  best  connection  to  be  adopted  for  reverse  relays, 
and  I  should  say  that  any  other  than  that  advocated 
on  page  398  is  distinctly  unsafe.  In  the  past  the 
difficulty  was  to  get  the  relay  to  stand  up  to  heavy 
forward  current  of  low  lagging  power  factor.  This 
usually  resulted  in  such  a  large  relative  shift  of  the 
potential  and  current  vectors  that  the  relays  would 
operate  incorrectly.  The  connection  advocated  by  the 
author,  however,  can  be  made  perfectly  safe  for  this 
condition,  particularly  for  feeder  protection,  as  usually 
the  faults  demanding  the  largest  current  are  copper 
short-circuits  which  will  give  a  fairly  good  power  factor. 
Faults  involving  portions  of  a  transformer  winding  will 
not  be  so  severe,  but  will  be  accompanied  by  much 
lower  power  factor.  The  reverse  relay  in  its  usual  form 
is  advocated  as  the  best  means  of  protecting  generators 
and  transformers.  I  am  afraid  I  do  not  agree  with 
this.  The  reverse  relay  demands  for  its  operation  a 
plurality  of  plant  on  the  busbars  to  give  the  necessary 
reverse  flow.  It  is  equally  necessary  that  the  pro- 
tective device  should  operate  in  the  case  of  a  fault, 
even  should  there  be  no  reverse  flow  possible.  The 
purpose  in  this  case  is  to  obtain  disconnection  of  the 
iield  circuit,  so  that  an  end  may  be  put  to  the  continued 
destruction  of  the  windings.  Disconnection  in  a  case 
like  this  is  possible  only  with  the  differential  system. 
Take  the  case  of  a  short-circuit  between  phases  ;  the 
reverse  relay  requires  that  the  whole  internal  energy 
of    the    faulty    machine   be  concentrated    on    its  own 


destruction  before  a  reversed  flow  can  ensue.  The 
differential  system,  however,  can  operate  while  the 
flow  of  power  is  still  in  the  forward  direction,  and 
consequently  with  a  minimum  expenditure  of  energy 
at  the  fault  point.  I  may  say  that  biased  differential 
systems  of  generator  protection  are  available,  capable 
of  operating  with  less  than  2  per  cent  fault  current  and 
which  have  the  required  stability  with  heavy  faults  on 
the  distribution  system.  Fault-settings  of  this  order 
will  protect  against  all  earths  close  up  to  the  neutral 
point,  with  moderate  values  of  the  earthing  resistance. 
Systems  of  generator  protection  have  recently  been 
developed  which  employ  directional  relays  and  which 
combine  the  functions  of  the  differential  system  with 
the  usual  characteristics  of  the  reverse-current  relays. 
This  system  is  on  the  market  now  and  particulars  should 
soon  be  available.  I  am  again  in  agreement  with  the 
author  in  regard  to  earthing  the  neutral  through  a 
resistance.  If  pure  reactance  is  employed,  the  phase- 
shift  with  faults  to  earth  ma}'  be  sufficient  to  render 
the  reverse  relays  on  the  faulty  feeder  of  a  pair  of  parallel 
feeders  inoperative.  The  method  of  earthing  shown 
in  Fig.  20  is  preferable  to  the  usual  arrangement  wherein 
the  neutral  point  of  one  generator  is  earthed.  I  should 
suggest,  however,  that  the  resistances  R,  and  R,  be 
reactive  instead  of  ohmic,  as  this  would  effectively  choke 
the  triple-frequenc}-  currents  and  at  the  same  time 
cause  very  little  phase-shift  in  any  fault  current  which 
would  flow  to  earth.  With  the  author's  schedule  of 
minimum  current  in  the  earthing  resistances  I  do  not 
agree,  particularly  with  that  referring  to  parallel  feeder 
protection.  In  the  case  of  a  pair  of  parallel  feeders  a 
fault  in  one  feeder  close  up  to  the  remote  end  will 
usually  operate  the  protective  device  of  that  end  first. 
The  sound  feeder,  therefore,  will  carry  200  per  cent  of 
load.  If  we  wish  to  have  any  discrimination  between 
the  relays  at  the  power-supply  end  sufficient  to  bring 
out  the  switch  of  the  faulty  feeder  Jirst,  it  is  evident 
that  we  must  pass  through  the  earthing  resistance 
something  more  than  twice  the  full  load  of  the  feeders. 
This  minimum  current  instead  of  being  80  per  cent, 
as  shown  in  the  schedule,  should,  I  think,  be  about 
300  per  cent. 

Mr.  E.  Seddon  :  The  author  covers  very  much 
the  same  ground  as  did  INlr.  Wedmore  in  his  1914  paper, 
with  the  exception  that  the  author  favours  pro- 
tective schemes  without  the  use  of  special  conductors, 
whilst  Mr.  Wedmore  advocated  the  Merz-Price  or 
spht-conductor  system.  The  question  of  protection  is 
very  much  bound  up  with  the  design  of  switchgear, 
and  the  tendency  is  to  make  larger  switches  to  deal 
with  the  maximum  short-circuit  current  likely  to  be 
interrupted  from  super-power  stations.  I  sometimes 
wonder  if  we  are  proceeding  along  the  correct  lines. 
Considering  the  short-circuit  currents  possible  with  the 
very  large  power  circuits  of  to-day,  would  it  not  be 
better  first  of  all  to  limit  the  flow  of  current  by  quickly 
opening  a  circuit  breaker  across  which  is  connected  a 
reactance  permanently  in  shunt  with  the  oil  switch, 
afterwards  cutting  out  the  faulty  circuit  by  a  second 
switch  placed  next  to  the  busbars  ?  The  latter  switch 
would  also  operate  direct  on  single-phase  leakage. 
As  will  be  seen,  this  entails  two  oil  switches  in  series, 
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but  with  such  an  arrangement  we  might  be  able  to 
get  something  Uke  standard  switchgear.  The  author 
has  set  out  very  clearly  the "  appUcation  of  leakage, 
overload  and  reverse  protection  for  a  complete  trans- 
mission system,  but  I  am  afraid  that  a  good  many 
engineers  vrill  not  agree  with  his  conclusions.  For 
independent  feeders  I  agree  with  the  author  that  leakage 
protection  as  shown  in  Fig.  3  is  the  best  arrangement 
of  present-day  practice,  except  that  I  prefer  the  fuse- 
shunted  solenoid  to  mechanical  movement  of  dashpots. 
My  experience  has  been  that  troubles  on  time-limit 
fuses  are  more  often  traced  to  faulty  contact  cUps  than 
to  the  fuse  itself.  If  manufacturers  would  arrange 
the  contact  pressure  on  the  ends  of  the  fuses  instead  of 
at  the  sides,  the  clips  would  not  be  over-strained  in 
placing  the  fuses  in  position.  The  protection  of  closed 
feeders  is  a  different  proposition.  It  appears  to  me  that 
the  best  arrangement  is  to  protect  all  closed  feeders 
independently  of  any  other  feeder,  which  can  be  done 
by  either  Merz-Price  or  split-conductor  protection. 
The  latter  is  preferable  in  all  but  very  short  feeders. 
In  short  feeders  there  is  a  possibihty  of  the  cable  resist- 
■  ance  being  lower  than  the  contact  resistance  of  one  of 
the  spUt  switch  contacts,  in  which  case  the  circuit  will 
be  unbalanced.  The  Merz-Price  would  be  more  suitable 
in  this  case.  The  methods  provided  for  the  protection 
against  overload  are  much  more  drastic  and  have  not 
the  refinements  of  the  leakage  devices,  and  I  submit  that 
the  flow  of  current  should  be  hmited  in  value  before 
a  faulty  circuit  due  to  a  ^ort-circuit  between  phases 
is  opened.  The  author  on  page  405  refers  to  the 
possibihty  of  high  voltage  being  induced  in  exciter 
windings.  I  have  experienced  this  on  one  or  two 
occasions  and  I  consider  that  the  practice  of  adjusting 
exciter  brushes  when  a  turbo  set  is  on  load  should  be 
condemned  unless  an  insulated  stool  is  provided.  In 
the  event  of  a  short-circuit  in  the  alternator,  extremely 
dangerous  pressures  may  be  induced  in  the  exciter 
circuit.  I  should  hke  to  know  something  more  about 
the  carbon  resistance.  The  author  states  that  this 
resistance  is  capable  of  being  run  to  red  heat  without 
damage.  About  10  years  ago  I  made  some  rough 
tests  on  this  type  of  resistance  in  series  with  a  horn 
arrester  and  found  that  when  the  carbon  became  heated, 
the  powder  was  blown  out  of  the  slots.  There  is  also 
another  question  about  this  resistance  and  that  is  the 
collection  of  dust.  As  dust  cannot  be  cleaned  from 
the  top  of  the  powder  I  should  like  to  ask  if  the  collection 
of  dust  will  have  any  effect  on  the  resistance  of  the 
powder  after  long  periods. 

Mr.  J.  N.  Robertson  :  On  page  392  the  author 
refers  to  definitely  hmitingthe  time  of  opening  a  circuit. 
It  would  be  more  advantageous  to  open  a  circuit  as 
quickly  as  possible  and  it  seems  to  be  a  question  of 
switchgear  only.  There  was  a  heavy-load  fault  yesterday 
on  a  short-circuit,  which  was  cleared  by  overhead 
leakage  protection  gear  with  busbar  and  time-Umit, 
when  it  was  on  a  ring  main  and  synchronous  motor. 
Had  that  fault  remained  on  for  any  appreciable  time  it 
would   have  shut  down  half  the  system. 

Mr.  A.  P.  Robertson  ;  I  am  certainly  in  agreement 
with  bringing  out  the  switch  and  opening  the  circuit 
as  early  as  possible  if  there  is  any  fault.      The  author 


in  his  opening  remarks  mentioned  that  the  paper  was 
primarily  for  those  engineers  who  could  not  afford  to 
put  in  very  heavy  switchgear.  It  is  not  necessary 
to  spend  a  great  amount,  because  I  have  seen  a  fairly 
cheap  swtch  opening  upon  a  short-circuit  at  6,000  volts 
and  although  some  of  the  oil  was  blown  out  of  the 
tanks  the  switch  was  practically  undamaged  and  after 
touching  up  the  contacts  with  a  file  it  was  put  in  com- 

I  mission  again.  It  is  therefore  not  necessary  to  go  to 
any  great  expense  on  switchgear  for  a  small  plant,  and 

I  from  that  point  of  view  I  think  we  should  concentrate 
upon  getting  a  maximum  speed  of  opening,  especially 
with  a  system  where  a  lot  of  synchronous  machinery 
is  running.  It  is  absolutely  necessary  that  a  fault 
should  be  cleared  instantly,  otherwise  the  whole  plant 
falls  out  of  step.  With  regard  to  leakage  protection, 
that  ought  to  be  instantaneous  with  the  exception  of 
the  leakage  protection  upon  rotary  converters,  especially 
those  emploj'ing  tap  starting.  When  switching  over  to 
the  running  position,  the  leakage  relay  sometimes  acts 
owing  to  out-of-balance  caused  by  all  contacts  on  the 
controller  not  coming  together  simultaneously.  This 
can  be  got  over  by  introducing  a  time-limit  by  means 
of  a  very  light  fuse.  Leakage  is  then  not  instantaneous 
but  very  nearly  so,  as  the  fuse  is  very  light.  With 
regard  to  time-lags,  the  diagram  on  page  399  shows  the 
protection  of  a  system  comprising  two  generating  stations 
and  four  substations.  If  a  fault  occurs  on  the  right- 
hand  leg,  there  is  a  reverse  relay  operating  at  J  second 
from  the  second  substation,  which  brings  that  leg  out. 
Then  there  is  one  at  ij-  seconds  at  the  generating- 
station  end.  This  means  that  after  the  fault  is  clear 
on  the  one  side,  energy  still  flows  for  another  second 
into  this  fault.  With  an  in\erse  induction  relay,  of 
course,  that  time  might  be  cut  down.  I  prefer  a  solenoid 
relay  with  a  fuse,  and  I  think  the  time-limit  fuse  is 
reliable  if  the  fuse  is  examined  at  intervals  and  changed 
occasionally.  In  some  districts  the  atmosphere  has  a 
detrimental  effect  on  the  fuses,  which  perish  and  blow 
at  less  than  normal  current  and  perhaps  under  full 
load.  The  case  mentioned  by  Mr.  Seddon,  of  fuse 
contacts  being  faulty,  need  not  arise  if  they  are  examined 
occasionally.  The  author  describes  various  methods  of 
tripping  switches,  one  method  being  to  take  current 
direct  from  the  transformer  through  the  solenoid. 
That  is  a  good  method,  but  the  author  m,entions  that 
perhaps  too  much  current  may  flow  through  the  trip 
coils.  I  have  never  had  any  trouble  from  this  cause. 
The  battery  system  is  one  of  the  best,  but  it  is  necessary 
to  discharge  accumulators  occasionally  and  we  might 
be  unfortunate  enough  to  have  a  fault  when  the  accumu- 
lators were  discharged  so  that  there  might  not  be  enough 
energy  left  to  trip  the  switch.  All  battery  tripping- 
systems  require  examination  and,  if  properly  looked 
after,  I  think  are  quite  reliable,  although  there  is 
always  the  chance  that  a  fault  might  occur  after  an 
examination  of  the  battery,  but  this  is  a  very  remote 
contingency. 

Mr.  H.  V.  Henniker  :  The  title  of  the  paper  and 
the  author's  preliminary  remarks  tend  to  prevent  any 
discussion  of  the  relative  merits  of  simple  relay  systems 
and  the  later  developments  in  protective  devices  of  the 
balanced  kind,  and  this  I  think  is  unfortunate  because 
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those  very  problems  to  which  the  author  alludes  in  his 
opening  paragraph  call  for  a  full  investigation  of  relative 
merits.  As  systems  extend  and  are  linked  up  with 
other  systems  it  becomes  increasingly  essential  to 
employ  sensitive  and  reliable  protective  devices,  because 
the  results  of  not  clearing  a  bad  fault  within  a  reasonable 
time  become  more  disastrous.  Such  results  may  entirely 
alter  one's  ideas  as  to  what  true  economy  is,  and  in  fact 
I  am  one  of  those  who  believe  that  in  such  a  case  one 
cannot  afford  to  study  economy,  and  that  to  all  intents 
and  purposes  there  are  only  two  factors  which  enter 
into  the  case  at  all,  namely  the  maintenance  of  continuity 
of  supply,  coupled  with  the  reasonable  assurance  that  a 
faulty  section  will  be  cleared  within  a  minimum  of  time. 
At  the  same  time  the  author  is  to  be  congratulated 
on  having  shown  what  can  be  accomplished  by  a  sj'stem 
of  ordinary  overload,  reverse  and  leakage  relays.  I 
doubt,  however,  whether  even  he  would  advocate  the 
wholesale  use  of  such  arrangements,  though  there  are 
certainly  sections,  even  on  large  systems,  where  simple 
relays  give  sufficient  protection.  Many  of  the  com- 
binations of  relays  described  are  certainly  not  new  ; 
for  example,  that  shown  in  Fig.  3  is  apparently  the 
simple  core-balancing  method  with  leakage  protection, 
which  was  in  extensive  use  when  I  was  engaged  upon 
this    class    of    work    some    years    ago.     Would    it    not, 


however,  be  better  practice  to  employ  three  overload 
relays  in  addition  to  the  leakage  relay  in  the  common 
return,  since  the  setting  of  the  overload  and  leakage 
relays  will  probably  differ  considerably  ?  If  leakage 
protection  is  not  used  three  overload  relays  will  of 
course  be  necessary  with  the  neutral  earthed.  I  should 
like  to  ask  the  author's  opinion  as  to  what  in  general 
may  be  taken  as  a  reasonable  leakage  current  to  allow 
on  a  feeder  before  tripping.  Would  he  consider  5  per 
cent  of  normal  full-load  current  a  suitable  figure  with 
instantaneous  tripping  when  that  amount  is  reached  ? 
I  cannot  agree  with  his  views  on  fuse  time-limits,  which 
I  consider  preferable  to  either  air  or  oil  dashpots  for 
solenoid  relays.  Fuses,  however,  certainly  do  deteri- 
orate, and  it  is  good  practice  to  make  the  periodical 
replacement  of  fuse  time-limits  a  regular  part  of  the 
routine  maintenance  of  protective  gear.  Despite  this, 
however,  I  should  place  more  reliance  on  a  fuse  than 
on  a  dashpot.  I  am  glad  the  author  deprecates  the  use 
of  relay  current-transformers  for  operating  measuriiig 
instruments.  Such  practice  cannot  be  too  strongly 
condemned,  not  only  because  the  measuring  instruments 
may  be  interfered  with,  but  because  the  relay  circuit 
may  be  interrupted  due  to  a  fault  within  the  instrument. 
[The  author's  reply  to  this  discussion  will  be  found- 
on  page  636. 1 


South  Midland  Centre,  at  Birmingham,  17  March,  1920. 


Mr.  G.  Rogers  :  This  paper  contains  a  lot  that  is 
old  and  well  known,  but  there  are  one  or  two  new 
features  of  great  interest,  particularly  the  design  of  the 
reverse-current  relay.  The  leakage  and  overload  pro- 
tection of  a  feeder  shown  in  Fig.  3  and  Fig.  1 7,  seems  to 
be,  where  the  neutral  of  the  system  is  earthed  through 
a  resistance,  an  almost  ideal  arrangement  for  a  single 
outgoing  feeder  or  for  a  consumer's  supply.  The 
author  deprecates  the  use  of  fuse-shunted  solenoid 
protection.  For  a  simple  circuit  in  which  a  discriminat- 
ing time-lag  is  not  required,  this  type  of  protection  not 
only  is  the  simplest  available,  but  is  perfectly  satis- 
factory in  operation.  Air  dashpots  are  not  always 
satisfactory,  and  where  the  fuse-shunted  solenoid  cannot 
be  used  the  induction-pattern  inverse  time-limit  over- 
load relay  with  separately  adjustable  current  and 
inverse  time-settings  is  undoubtedly  the  most  satis- 
factory instrument  to  adopt.  With  reference  to  the 
author's  tilt  at  the  split-conductor  system,  it  would 
certainly  not  be  advisable  to  rely  entirely  on  the  split- 
conductor  relay.  Overload  relays  should  be  put  in 
circuit  at  both  ends  of  the  feeder  if  it  is  possible  for 
current  to  pass  through  the  feeder  from  either  end. 
This  provides  a  complete  system  of  protection,  which 
is  equally  as  good  as  the  combined  leakage  and  overload 
relay  suggested  by  the  author.  The  suggestion  for  the 
protection  of  parallel  feeders  with  differential  reverse 
relays  is  interesting,  but  since  there  is  always  the 
danger  of  an  unbalanced  load  in  the  feeders,  this  method, 
even  allowing  for  the  bias  obtained  as  indicated  in 
Fig.  lo,  is  not  likely  to  have  a  very  wide  application. 
In  large  distribution  systems  where  the  busbars  at  the 
generating  station  are  protected   by  group  reactances,    ; 


and  feeder  reactances  are  installed,  it  is  quite  possible 
for  parallel  feeders  to  be  unequally  loaded  to  an  amount 
beyond  the  control  of  the  relay  adjilstments.  Another 
objection  to  this  system  is  that,  in  the  case  of  two 
feeders  in  parallel,  it  would  be  quite  impossible  to 
test  the  relays  under  working  conditions  without  both 
feeders  being  out  of  service  at  the  same  time.  The 
author's  suggestion  for  the  protection  of  a  ring  main 
system,  shown  in  Fig.  15,  is  interesting,  but  since  the 
reverse-power  relays  on  the  interconnector  cable  between 
the  two  substations  may  be  called  upon,  in  the  event 
of  one  of  the  feeders  from  the  generating  station  being 
tripped  out  due  to  a  fault,  to  carry  the  full-load  current 
to  the  substation,  it  would  be  necessary  for  the  setting 
of  the  reverse-power  relay  to  be  very  high.  It  is  not 
clear,  therefore,  what  is  the  advantage  of  the  reverse- 
power  relay  over  an  overload  relay  which  would  operate 
with  current  in  either  direction.  I  should  like  to 
emphasize  the  necessity  of  periodical  testing  under 
working  conditions  of  ever}'  protective  device  by  a 
man  interested  and  skilled  in  this  class  of  work.  Anyone 
who  has  had  experience  of  relay  circuits  of  any  descrip- 
tion knows  the  simple  trifles  that  will  render  the  gear 
inoperative. 

Mr.  W.  'Wilson:  The  author  has  given  a  number 
of  interesting  schemes  for  safeguarding  electrical 
apparatus,  and  without  going  so  far  as  to  say  that 
where  possible  the  running  of  pilot  wires  would  not 
be  justified,  one  can  appreciate  the  good  results 
that  would  doubtless  be  obtained  from  the  compara- 
tively simple  installations  he  has  described.  With 
regard  to  the  need  for  an  auxiliary  switch  on  the 
breaker  to   open  the  circuit  after  the  relay   contacts 


11 


WITHOUT   THE    USE   OV   SPECIAL   CONDUCTORS." 


625 


have  closed  it,  this  depends  upon  the  design  of  the 
relay  in  question.  For  example,  if  the  contacts  are 
i  inch  in  width,  with  a  travel  of,  say,  J  inch,  then  an 
auxiliarv-  switch  in  series  would  be  necessary.  But 
another  pattern  of  relav  might  well  have  lo  times 
these  ^•alues,  when  it  would  be  quite  possible  and 
justifiable  to  dispense  with  the  auxihan,-  switch.  I 
should  also  hke  to  support  what  Mr.  Rogers  said  in 
favour  of  the  use  of  suitable  shunt  fuses  for  affording 
a  time-limit  to  trip  coils,  in  spite  of  the  author's  con- 
demnation of  these  as  being  capricious  in  their  action. 
I  do  not  wish,  however,  to  defend  the  common  porcelain- 
clad  fuse.  Its  wire  runs  through  porcelain  holders, 
making  an  indeterminate  contact  with  the  latter, 
and  therefore  being  subject  to  an  indeterminate  amount 
of  cooling.  Its  time-hmit  is  thus  very  uncertain.  But 
a  fuse-wire  supported  in  such  a  manner  that  it  does 
not  touch  its  supports  except  at  its  extremities,  and 
composed  of  a  metal  that  does  not  expand  sufficiently 
to  permit  sagging  against  the  walls  of  the  glass  tube 
in  which  switchboard  fuses  are  generally  contained, 
will  give  a  time  curve  of  surprising  regularity.  Not 
very  long  ago  I  tested  a  large  number  of  shunt  fuses 
of  different  lengths  and  of  different  metals,  and  arrived 
at  a  design  which  gave  almost  the  most  perfect  curves 
I  have  obtained  from  any  electrical  test.  It  is,  however, 
true  that  the  operation  of  a  fuse  depends  on  other 
circumstances  than  the  magnitude  of  the  overload. 
The  most  ob\-ious  of  these  is  the  temperature  of  the 
atmosphere,  a  fuse  blowing  slightly  more  quickly  on 
a  hot  day  than  on  a  cold  one.  It  is  also  the  case  that 
the  conductors  protected  by  the  fuse  will  reach  a 
dangerous  temperature  more  quickly  on  such  a  day, 
and  the  fuse  is  therefore  making  a  perfectly  correct 
allowance  for  this  factor.  Secondly,  a  fuse  that  has 
been  subjected  to  full  load  for  some  considerable  time 
will  blow  much  more  quickly  upon  an  overload  occurring 
than  one  which  has  been  carrying  a  light  load.  It 
will  be  noticed  that  the  electrical  conductors  will  also 
come  to  grief  sooner  when  they  are  heated  by  a  pro- 
longed full  load  than  if  they  are  cool,  and  again  the 
fuse  has  afforded  sound  protection  when  an  electro- 
magnetic device  would  fail  to  do  so.  The  solenoid 
and  dashpot  pattern  referred  to  by  the  author  only 
gives  an  approximate  protection,  for  the  plunger  does 
not  begin  to  move  until  the  actual  overload  has  occurred, 
irrespective  of  the  state  of  the  cables,  etc.,  when  this 
overload  has  come  on.  The  thermal  relay  (or  thermal 
breaker)  would  give  the  same  protection  as  the  fuse, 
in  that  it  would  represent  the  conductor  in  its  behaviour, 
and  its  condition  would  var\-  just  as  that  of  the  circuit 
does.  Does  not  the  author  consider  such  an  instru- 
ment preferable  to  the  other  types  ?  It  is  much  simpler 
.than  the  latter,  contains  fewer  moving  parts,  is  more 
easily  adjusted,  and  is  less  susceptible  to  faulty  use 
by  an  inexperienced  operator.  At  the  same  time, 
both  fuses  and  circuit  breakers  give  excellent  adjust- 
ment, the  former  by  the  alteration  of  the  gauge  of 
wire,  and  the  latter  by  the  adjustment  of  the  sag  of 
the  resistance  strip.  The  reasons  for  fixing  the  amount 
of  delay  should  depend  on  three  considerations  :  (i)  On 
the  amount  of  heating  the  circuit  will  stand  before 
insulation  or  conductors  are  damaged.     (2)  The  amount 


of  damage  permissible  at  the  fault,  due  to  arcing,  etc. 
(3)  The  throwing  out  of  step  of  synchronous  machinery. 
The  first  condition,  as  I  have  endeavoured  to  prove, 
is  efficiently  determined  by  a  thermal  apparatus.  With 
regard  to  the  second,  there  are  cases  where  damage 
at  the  fault  is  advantageous  in  order  to  enable  its 
whereabouts  to  be  easily  found.  One  installation  with 
which  I  have  been  familiar  consists  of  an  overhead 
line  supported  for  70  miles  on  pin-type  insulators 
weighing  30  lb.  each.  These  insulators  gave  a  certain 
amount  of  trouble,  and  when  one  broke  down,  the 
custom  was  to  continue  to  pass  the  full  current  through 
it,  at  the  66,000  volts  of  the  line,  until  it  was  completely 
destroyed.  I  inspected  a  collection  of  15  of  these 
insulators,  and  the  wholesale  destruction  suggested  a 
time-lag  of  more  like  8  or  10  seconds,  than  only 
2  seconds.  They  certainly  presented  a  long-suffering 
appearance  that  must  have  been  ver\-  welcome  to  the 
patrol  gang  when  they  were  searching  for  the  trouble. 
This  long  period  was  permitted  although  synchronous 
machinery  was  concerned  in  the  scheme.  I  should  be 
glad  to  have  the  author's  opinion  of  this  method. 

Mr.  R.  G.  Jakeman  :  The  author's  objection  to 
the  use  of  the  word  "  protection  "  does  not  appear 
to  be  well-founded,  for,  although  the  methods  described 
do  not  protect  the  system  from  the  occurrence  of  faults, 
they  protect  the  svstem  as  a  whole  by  isolating  the 
faultj'  section.  There  is  one  point  which  occurs  to  me 
with  regard  to  the  single  interconnector  shown  in 
Fig.  14.  If  the  fault  occurs  when  the  interconnector 
IS  lightly  loaded,  the  full  overload  current  must  flow 
into  the  fault  before  the  relays  will  act.  On  page  401 
the  author  states  that  the  circulating  currents  between 
two  machines  in  parallel  due  to  hunting  are  verj'  much 
out  of  phase  with  the  voltage.  Actually,  however, 
these  currents  are  practically  in  phase  vrith.  the  voltage, 
since  they  represent  the  synchronizing  power,  which 
is  the  power  tending  to  pull  the  machines  back  into 
their  correct  relative  positions. 

Dr.  G.  Kapp  :  Engineers  will  be  pleased  to  learn 
from  the  paper  that  protection  can  be  obtained  without 
the  use  of  pilot  wires.  The  utiUty  of  these  becomes 
doubtful  when,  on  account  of  subsidences  in  the  ground, 
there  is  a  chance  of  such  wires  being  broken  without 
the  staff  at  the  power  house  knowing  of  the  breakdown. 
The  author's  methods  have  the  merit  of  simplicity. 
They  do  not  deal,  however,  with  the  protection  of  a 
machine  from  the  hea^y  blow  which  the  winding 
receives  in  the  first  moment  of  an  explosive  short- 
circuit.  Indeed,  the  author,  in  agreement  with  all 
experts,  purposely  introduces  a  time-lag  so  that  the 
circuit  breaker  shall  not  be  destroyed  if  it  can  be  made 
to  open  at  the  time  when  the  current  has  reached  the 
enormous  peak  shown  in  Fig.  g.  The  machine  can 
therefore  not  be  protected  by  a  circuit  breaker  and 
must  rely  on  the  protection  due  to  either  inherent 
inductance  or  outside  inductance,  preferably  both. 
To  a  certain  extent  this  is  also  the  case  as  regards  heavy 
feeders.  The  grading  of  time-lag  in  the  different  parts 
of  the  distributing  plant  is  the  usual  and  natural  methcd 
of  discriminating  according  to  the  importance  of  the 
fault,  but  when  such  grading  has  to  be  done  to  the 
fraction  of  a  second  it  cannot  be  very  definite.     If  it 


626     DISCUSSION   ON  "THE    PROTECTION   OF   ALTERNATING-CURRENT   SYSTEMS 


were  possible  to  permit  a  somewhat  longer  time  all 
round,  the  grading  could  be  made  more  definite  and  less 
delicate  relays,  not  liable  to  act  prematurely,  might 
be  employed.  This  means  that  we  have  deliberately 
to  give  up  any  idea  of  using  the  circuit  breaker  in  order 
to  save  machines  on  circuits  from  the  first  rush  of  a 
short-circuit  current,  and  adopt  for  this  purpose  the 
well-known  method  of  added  inductance.  Tliis  means 
that  we  must  reduce  the  power  factor  of  the  whole 
s\-stem  to  so  low  a  value  that  economical  working  becomes 
impossible.  There  is,  however,  a  remedy.  If  we 
install,  at  the  delivery  end  of  the  lines,  apparatus  to 
inject  leading  kilovolt-amperes  we  again  raise  the  power 
factor,  and  it  is  this  policy  which  seems  to  solve  the 
problem  of  something  very  near  absolute  protection. 
At  a  first  glance  the  proposition  might  seem  paradoxical. 
At  the  generating  end  we  lower  the  power  factor  by 
burdening  the  system  with  added  inductance,  and  at 
the  far  end  we  improve  the  power  factor  by  lightening 
the  system  by  phase  advancers  or  other  apparatus 
for  supplying  leading  kilovolt-amperes.  It  might 
be  argued  that  we  have  only  incurred  additional  expense 
without  improving  the  general  condition  as  regards 
protection.  This  reasoning  would  be  fallacious.  Let 
us  imagine  such  a  system  established  with  inductance 
at  one  end  and  capacity  at  the  other  end  of  a  feeder. 
What  will  happen  in  the  case  of  a  dead  short-circuit 
on,  say,  a  feeder  close  to  the  power  house  ?  The 
condenser  at  the  far  end  will  be  short-circuited  by  the 
fault,  whilst  the  inductance  between  the  busbars  and 
the  fault  will  come  fully  into  play,  limiting  the  current 
to,  say,  4  or  5  times  the  normal.  If  the  fault  remains 
on  for  even  as  much  as  4  seconds  the  feeder  will  not 
burn  up  because  of  its  heat  capacitj-.  There  is  thus 
ample  time  for  the  circuit  breaker  at  the  generating 
end  to  act.  After  it  has  opened,  the  fault  is  still  fed 
from  the  far  end  if  there  are  other  feeders  connected  to 
a  ring  main.  If  at  the  far  end  there  is  a  reverse-power 
relay  without  time-lag,  this  relay  will  come  into  action 
before  any  of  the  relays  in  the  other  feeders  have  had 
time  to  act,  and  the  faulty  feeder  will  be  cut  oft'  from 
the  ring  main  even  before  it  is  cut  off  from  the  busbars. 
In  the  foregoing  I  have  assumed  that  the  condenser 
is  connected  to  the  individual  feeder,  but  that  is  not 
necessary.  If  we  imagine  it  connected  to  a  point  of 
the  ring  main,  or  even  many  condensers  connected  to 
as  many  distributed  points  of  the  ring  main,  the  action 
would  be  the  same.  The  same  principle  could  be  adopted 
for  feeders  going  out  from  substations,  or  even  to  single 
feeders  in  series  as  shown  in  Fig.  4. 

Mr.  W.  Brew  :  The  author's  introductory  remarks 
set  out  clearly  certain  ideals  with  which  most  power- 
station  engineers  will  doubtless  be  in  accord.  If  such 
ideals  can  be  realized  without  the  use  of  special  con- 
ductors, then  substantial  progress  will  have  been  made 
and  a  wide  sphere  of  usefulness  opened  up.  Those  of 
us  whose  memory  goes  back  to  the  days  when  none 
but  fuse  protection  was  available  for  high-tension 
circuits  will  probably  appreciate  most  of  all  the  advan- 
tages of  a  thoroughly  sound  sj'stem  of  control  by  dis- 
criminating relays.  In  the  hght  of  past  troubles  I 
will  point  out  briefly  what  I  consider  may  possibly 
be    a    few    weak    points    in    the    apparatus   described 


in  the  paper.  With  regard  to  the  leakage  transformer 
illustrated  in  Fig.  2,  it  would  seem  that  special  pre- 
cautions would  be  advisable  either  in  the  design  or 
in  the  location  of  this  transformer  to  shield  it  from 
stray  magnetic  fields,  such  as  might  be  set  up  bj-  violent 
disturbances  upon  neighbouring  circuits.  I  think  it 
hardly  possible,  however,  for  a  fault  between  phases 
to  be  dissociated  from  an  immediate  fault  to  earth 
on  a  three-core  feeder,  and  the  simplicity  of  the  ari'ange- 
ment  illustrated  in  Fig.  2,  compared  with  that  of  Fig.  3, 
is  greatly  in  favour  of  the  former.  In  connection  with 
the  protection  of  parallel  feeders  illustrated  in  Fig.  8 
and  Fig.  9,  I  do  not  think  the  method  suggested  can 
be  regarded  as  a  general  solution  of  the  problem.  With 
two  parallel  feeders  of  equal  length  and  section,  but 
differing  appreciably  as  regards  inductance  and  capacity 
respectively,  it  is  obvious  that  the  larger  share  of  the 
load  will  pass  from  one  cable  to  the  other,  and  vice 
versa,  according  as  the  power  factor  is  leading  or 
lagging.  In  the  case  of  short  heavy-current  single 
cables  also,  the  current  distribution  may  be  seriously 
upset  if  the  areas  enclosed  by  each  pair  of  cables 
forming  flow  and  return  are  unequal.  With  reference 
to  the  protection  of  generators  by  reverse  relays 
(page  401),  I  quite  endorse  the  author's  views  as  to 
the  importance  of  isolating  the  rotor  circuit  simul- 
taneously with  that  of  the  stator,  and,  from  personal 
observation,  would  put  forward  further  arguments  in 
support  of  this  practice  as  follows  :  (a)  The  damage 
to  the  generator  from  a  winding  fault  will  probably 
be  rectified  by  the  replacement  of  a  few  stator  coils 
only,  as  compared  with  complete  rewinding  becoming 
necessary  should  an  appreciable  time  elapse  before  the 
excitation  circuit  is  opened.  (6)  An  examination  ot  a 
generator  after  a  fault  will  often  reveal  the  fact  that 
a  high-voltage  discharge  to  earth  has  occurred  through 
the  rotor  body,  shaft,  and  slip-rings.  Under  such 
conditions  the  operation  by  hand  of  the  excitation 
circuit  switches  and  gear  is  fraught  with  considerable 
danger.  The  magnitude  of  the  triple-frequency  current 
loss  assumed  on  page  402  is,  I  think,  larger  than  is 
likely  to  be  experienced  with  modern  plant.  Even 
were  it  much  less,  however,  the  annual  loss  capitalized 
should  in  the  case  of  large  generating  units  fully  justify 
the  adoption  of  efficient  means  to  eliminate  it.  These 
triple-fr«|uency  losses  are  not  easily  measured  with 
accuracy,  but  it  may  be  of  interest  to  point  out  that 
if  a  generator  can  be  run  as  a  synchriSnous  motor  the 
difference  between  two  sets  of  wattmeter  readings  will 
give  the  loss.  The  power  required  to  drive  the  motor 
measured  by  the  two-wattmeter  method  does  not 
include  the  triple-frequencv  loss,  whilst  the  power 
measured  under  the  same  conditions  by  the  three- 
wattmeter  method  with  pressure  coils  connected  to 
the  neutral  point  does  include  it.  In  conclusion,  I 
would  strongly  urge  that  one  most  important  feature 
of  a  relay  control  sj'^tem  should  be  its  power  to  indicate 
clearly  when,  and  where,  a  fault  has  occurred,  and 
the  steps  necessary  to  be  taken  in  coping  with  it.  Under 
the  mental  stress  of  a  bad  shut-down,  apparently 
logical  conclusions  may  be  quite  misleading,  and  this 
is  especially  likely  to  be  the  case  where  the  seemingly 
erratic  action  of  a  number  of  instruments  and  circuits 


WITHOUT   THE    USE   OF   SPECIAL   CONDUCTORS." 


6-27 


has  to  be  interpreted.  A  good  deal  of  expensive 
apparatus  has  been  installed  and  "  tied  up  "  in  the 
past  on  this  score  alone. 

Mr.  A.  T.  Thurman  :  The  arrangement  shown  in 
Fig.  1 6  for  the  protection  of  a  system  comprising  two 
generating  stations  and  four  substations  is  all  right 
provided  the  interconnector  between  the  generating 
stations  is  large  enough  to  transfer  load  from  one  to 
the  other  in  case  of  trouble  at  either  station.  Part  of 
this  load  may  be  taken  up  on  the  ring  main  passing 
through  substation  S  S^,  in  which  case  relays  Rj  and 
Rjj  would  operate  on  reverse  current.  Overload  relays 
would  be  more  suitable  at  these  points,  and  to  a  lesser 
degree  at  the  other  substations.  With  regard  to  the 
checking  of  relay  settings,  I  have  found  the  method 
shown  in  Fig.  26  to  be  quite  satisfactory,  but  the  initial 
test  after  the  relay  has  been  installed  in  its  working 
position  should  be  from  the  primary  side  of  the  current 
transformer  ;     e\-ery    connection    is    then    tested    from 
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the  transfornier  to  the  relay.  Of  course  a  hea\'y  current 
is  required  if  the  transformer  is  tested  from  the  primary 
side,  but  this  can  easily  be  got  by  using  two  or  three 
spare  current  transformers  to  step  up  to  the  required 
current.  This  method  tests  the  current  transformer, 
relay  and  wiring,  practically  under  working  conditions. 
The  arrangement  is  shown  in  Fig.  D,  where  R  repre- 
sents the  relay  coil  operated  off  CT  current  trans- 
former, through  amnieter  AMj.  CT,,  CT^,  and  CT3  are 
the  testing  current  transformers,  the  secondary  of 
CTi  being  connected  to  ammeter  AM^.  Current  from 
terminals  SS  is  applied  through  a  variable  resistance 
\'  R  to  the  secondaries  of  C  T^  and  C  T3.  The  primaries 
of  the  testing  transformers  being  connected  to  the 
primary  of  the  relay  current  transformer  at  points  PP. 
It  will  be  seen  that  by  this  method  the  ratio  of  the 
relay  current  transformer  is  also  tested  by  comparing 
the  readings  of  the  two  ammeters  AMj  and  AMj.  If 
-no  alteration  to  the  wiring  has  been  done  after  this 
test  has  been  carried  out,  all  subsequent  tests  may  be 
from  the  secondary  side  of  the  current  transformer. 
Mr.  J.  Morton  :  The  author  has  referred  to  the 
use  of  reverse  relays  for  the  protection  of  generators. 
These  relays  are  usually  discarded  owing  to  their  being 
dependent  on  a  voltage  winding.  When  faults  occur 
which  would  put  a  demand  on  the  relay  to  save  the 
situation  its  power  of  action  is  reduced,  due  to  any 
consequent  drop  in   pressure  occasioned  by  the  fault. 


Nothing  short  of  an  independent  supply  for  the  pressure 
element  of  the  instrument  will  therefore  give  any  sense 
of  security.  It  has  occurred  to  me  that  such  an  inde- 
pendent supply  for  the  pressure  element  might  easily 
be  obtained  by  installing  a  unity-ratio  potential  trans- 
former across  a  reactance,  the  voltage  obtainable  being 
governed  bj'  the  current  flowing  in  the  reactor.  Further, 
under  faulty  conditions  the  normal  current  might  be 
increased  many  times,  thereby  giving  a  proportionate 
increase  in  the  pressure  across  the  terminals  of  the 
potential  transformer,  with  a  resultant  increase  in 
power  for  the  satisfactory  operation  of  the  relays.  It 
may  be  said,  however,  that  such  a  scheme  could  only 
be  considered  in  cases  where  reactors  were  installed. 
On  the  other  hand,  we  can  at  the  present  time  obtain 
turbo-alternators  having  high  internal  reactance,  and 
sufficient  to  take  care  of  the  alternator  itself  against 
short-circuits.  If  such  a  machine,  however,  was  on 
load  and  running  in  parallel  with  other  large-sized 
units,  and  a  fault  happened  to  develop  near  its  high- 
tension  terminals,  its  inherent  reactance  would  have 
no  effect  on  the  amount  of  current  which  would  flow 
from  the  busbars  into  such  a  fault.  It  therefore  seems 
to  me  that  some  advantage  might  be  gained  by  putting 
half  the  total  reactance  in  the  machine  itself  and  the 
other  half  external  to  the  machine.  With  this  arrange- 
ment there  would  be  no  difficulty  in  providing  the 
independent  supply  suggested  for  the  relay  potential 
coils,  but  it  might  be  necessary  to  install  some  apparatus 
for  the  purpose  of  cutting  the  unity-ratio  potential 
transformer  out  of  circuit  at  some  predetermined 
voltage  limit,  say  400  volts  ;  for,  in  the  event  of  the 
reactor  being  called  upon  to  perform  the  function 
for  which  it  is  primarily  installed,  the  voltage  across 
its  terminals  would  rise  to  any  figure  between  zero 
and  full  phase  volts.  I  shall  be  glad  to  have  the  author's 
\'iews  on  such  a  scheme  and  to  know  if  anything  on 
these  lines  has  ever  been  considered  by  his  firm. 

Mr.  W.  E.  Groves  :  The  four  cardinal  points 
mentioned  at  the  commencement  of  this  paper  requue 
a  limitation  of  the  number  of  protective  devices  em- 
ployed, (i)  The  maintenance  of  supply  is  closely 
associated  with  simplicit}-  of  apparatus.  (2)  Apparatus 
although  individually  simple  may  become  complex  in 
combination.  (3)  The  necessary  flexibility  involves 
much  skilled  labour  for  adjustment  when  conditions 
of  distribution  are  altered  by  extensions.  (4)  Main- 
tenance, testing  and  frequent  adjustment  by  experts 
are  costly.  These  considerations  make  the  lay-out  which 
is  described  more  applicable  to  undertakings  of  moderate 
size  than  to  large  systems.  The  advantages  of  an 
earthed  neutral  have  practically  passed  beyond  the 
region  of  debate,  and  probably  no  further  argument 
in  its  favour  is  needed.  I  would,  however,  mention 
that  with  an  unearthed  neutral  a  fault  on  one  phase 
only  may  remain  for  a  considerable  time,  ultimately 
developing  a  complementary  fault  on  another  phase 
and  on  an  entirely  independent  line.  These  faults 
between  phases,  simultaneously  pulling  two  lines  out 
of  commission,  may  occur  at  a  very  inconvenient  time, 
and  it  is  not  possible  to  locate  a  single-phase  fault 
quickly  without  resorting  to  earthing.  A  weak  spot 
which  will  not  stand  the  extra  strain  imposed  by  the 
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original  fault  is  of  course  better  disclosed,  but  not 
when  one  is  occupied  with  another  breakdown.  The 
author  mentions  that  the  Merz-Price  system  operates 
in  watertight  compartments,  individual  sections  of 
mains  but  not  the  busbars  being  protected.  The 
system  can  of  course  be  extended  to  cover  any  mains 
or  gear  but  introduces  complexity.  In  connection  with 
closed  ring  mains  I  devised  an  adaptation  of  Merz- 
Price  protection  to  cover  a  complete  consumer's  sub- 
station and  the  adjacent  length  of  main.  In  order 
to  reduce  the  amount  of  apparatus,  overlapping  current 
transformers  were  proposed,  but  even  this  modification 
did  not  make  the  scheme  worth  pursuing,  and  events 
have  proved  that  it  would  not  have  been  justified. 
For  mains  laid  under  favourable  conditions  it  is 
illogical  to  protect  cables  and  leave  the  more  vulnerable 
switchgear  unprotected.     As  regards  open  ring  mains. 


there  are  several  good  and  obvious  reasons  why  under 
certain  conditions  of  distribution  they  should  remain 
open.  It  has  been  said  that  better  use  is  made  of  the 
copper  if  a  ring  is  closed,  but  even  when  normally 
closed  sufficient  copper  should  be  provided  to  permit 
of  all  consumers  on  the  ring  being  supplied  from  either 
end  in  case  of  need.  Assuming  therefore  that  a  ring 
main  is  open  and  sections  of  mains  between  consumers 
are  in  simple  series,  it  would  not  be  practicable,  or 
make  for  certainty  of  supply,  to  employ  graded  pro- 
tective devices  throughout  where  many  consumers  are 
connected  to  the  ring.  Provided  the  best  cables  and 
switchgear  are  installed,  these  should  be  given  a  chance 
and  protection  limited  to  the  supply  ends  and  the 
consumers'  installations. 

[The  author's  reply  to  this  discussion  will  be  found 
on  page  636.] 


North-Western  Centre,  at  Manchester,  23  March,  1920. 


Mr.  H.  A.  Ratcliff  :    This  paper  deals  with  a  very 
difficult  subject,  and  I  am  sure  the  author  will  agree 
with  me  when  I  say  that  the  various  ingenious  devices 
described   do   not   constitute  the   final   solution   of  the 
problems  involved.     I  do  not  propose  to  offer  a  solution, 
and  will  content  mvself  with  saying  that  the  essential 
thing  in  gear  of  this  description  is  absolute  simplicity. 
There  must  be  the  minimum  amount  of  gear  ;    it  must 
be  simple,  and  its  effects  must  be  assisted  by  adequate 
sectionalizing   of   the   system.     The   title   of   the   paper 
is  "  The  Protection  of  Alternating-Current  Systems  .   .   ." 
and    the    author    deals    with    feeders    and  distributors 
indiscriminately.     In   that   connection   I   am   reminded 
of  a  remark  made  by  Mr.  Pearce  in  a  discussion  before 
the    Institution    some  four  years   ago,    when    he   drew 
attention  to  the  fact  that  the  line  of  demarcation  between 
high-tension   feeders   and  distributors   was  rapidly  dis- 
appearing.    I    quite   agree   that   such   is   the   case   and 
I   think  it  is  unfortunate,   because   from  it  arises  half 
the   necessity   for   protective   apparatus.     It   is   simply 
a  case  of  history  repeating  itself.     In  the  early  days 
of  low-tension  systems,   and  of  the  internal  wiring  of 
buildings,    the    same    confusion    between    feeders    and 
distributors  arose  ;   but  the  distinction  had  to  be  clearly 
recognized  before  it  was  possible  to  extend  such  systems 
to  any  appreciable  extent.     The  same  distinction  will 
eventually  have  to  be  recognized  in  the  case  of  high- 
tension  systems.     At  the  present  time  "  high  tension  " 
usually   implies   something   between    3,000   and    10,000 
volts,  but  in  the  majority  of  cases  economic  conditions 
will  soon  require  these  to  be  regarded  as  quite  moderate 
pressures.     That  will  be  a  very  good  thing  because  it 
v'ill  simplify  the  problem  to  some  extent  when  pressures 
are    raised — as    they    will    be — to    anything    between 
2Q,ooo  and  60,000  volts.     New  extra-high-tension  mains 
will  be  laid  and  will  be  recognized  as  simply  feeders. 
The  present  high-tension  mains  will  then  become  dis- 
tributors.    This  arrangement  will  facilitate  the  section- 
alizing of  the  several  portions  of  the  system,  and  the 
use  in  a  very  simplified  form  of  some  such  devices  as 
those  described  in  the  paper.     The  author  states  that 
pilot  leads  do  not  provide  the  general  solution  of  the 


problem  of  cable  protection,  and  I  quite  agree  ;  but 
although  not  an  advocate  of  pilot  leads  I  think,  at 
the  same  time,  it  must  be  admitted  that  they  provide 
the  most  complete  and  definite  solution,  having  regard 
to  such  apparatus  as  is  available.  Of  course,  the  main 
objections  to  such  a  system  are  the  necessity  for  laying 
pilot  leads — where  they  do  not  already  exist — and  the 
fact  that  the  pilot  leads  themselves  are  mechanically 
weak  and  just  as  liable  to  be  damaged  as  the  cables, 
perhaps  more  so.  However,  they  are  very  effective 
and  are  always  useful  things  to  have  on  a  cable  system. 
With  regard  to  the  author's  four  cardinal  points,  I 
agree  with  him  that  No.  (i)  takes  precedence  of  every- 
thing else.  The  maintenance  of  continuity  of  supply 
is  the  first  and  foremost  consideration.  It  is  perhaps 
not  always  appreciated  that  in  view  of  the  tendency 
towards  reduced  working  hours  the  value  of  time  will 
be  very  greatly  increased.  The  question  of  continuity 
of  supply  consequently  becomes  of  very  much  greater 
importance  with  the  reduced  working  hours,  and  a 
shut-down  for  only  half  an  hour  is  a  very  serious  matter. 
Continuity  of  supply  must  therefore  not  be  sacrificed 
for  some  slight  gain  in  efficiency  as  it  is  the  more 
important  consideration  of  the  two.  "  Simplicity  of 
the  apparatus  involved."  I  quite  agree  with  that,  but 
I  cannot  altogether  agree  that  the  apparatus  which 
the  author  describes  fulfils  that  requirement.  "  Adapt- 
ability "  is  a  veryimportant  feature  and  really  constitutes 
the  key  to  the  whole  problem  of  protection,  since  the 
main  difficulty  arises  in  connection  with  the  application 
of  protective  devices  to  existing  systems.  The  fourth 
point  I  cannot  quite  understand  and  I  shall  be  glad 
if  the  author  will  explain  it  in  his  reply.  I  think  the 
tone  of  this  paper,  as  of  others  on  somewhat  the  same 
subject,  tends  to  perpetuate  the  false  impression  that 
the  cables  are  the  weakest  hnk  of  a  system.  I  do  not 
agree  with  that  at  all.  A  well-made  cable,  well  laid, 
and  with  sound  joints  is  one  of  the  strongest  links  on 
a  system  if  due  attention  is  given  to  periodical  main- 
tenance testing  ;  and,  in  fact,  much  of  the  so-called 
protective  gear  constitutes  a  very  much  weaker  hnk 
than  the  cables.     If  cables  are  abused  that  is  a  different 
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thing  altogether.  If  thej'  are  overloaded  to  the  extent 
of  loo  per  cent,  they  will  give  trouble  ;  but  if  they 
are  well  laid,  and  are  not  abused,  they  are  a  strong 
hnk.  I  have  had  considerable  experience  of  the  main- 
tenance and  repair  of  protective  gear  of  one  sort  or 
another  and  from  what  I  have  seen  of  it,  and  from 
the  troubles  which  I  know  occur  in  connection  with 
its  use,  I  have  more  faith  in  cables  than  in  protective 
gear.  The  various  de\'ices  such  as  reverse  relays  are 
very  delicate,  and  they  require  considerable  skill  and 
experience  in  their  erection,  and  subsequent  adjust- 
ment and  maintenance.  I  think  much  of  the  time 
and  money  spent  on  protective  gear  could  be  better 
employed  in  other  directions,  and  the  return  for  the 
labour  and  outlay  would  be  just  as  satisfactory  from 
the  point  of  \'iew  of  maintenance  of  supply.  The 
author  refers  to  potential  transformers.  With  all  due 
respect  to  the  manufacturers,  potential  transformers 
are  notoriously  the  weakest  link  on  a  system,  and 
although  they  maj'  be  quite  suitable  for  operating 
instruments  and  meters,  I  should  not  like  to  think 
that  the  safety  of  a  system  was  dependent  upon  the 
reliabihty  of  such  a  transformer.  Protective  gear  has 
been  most  extensively  used  on  systems  where  there 
are  overhead  hnes,  and  I  agree  that  they  do  require 
protection.  It  is  also  significant  that  protective  gear 
has  proved  to  be  most  desirable  and  effective  on  systems 
where  it  is  not  at  all  unusual  to  overload  the  cables 
very  considerably.  The  effective  protection  of  a 
modern  system  presents  no  very  great  difficulties,  but 
in  the  case  of  an  old  existing  system  it  must  necessarily 
— as  the  author  points  out — be  more  or  less  of  the 
nature  of  a  compromise.  Unfortunately  it  is  the  old, 
badly  jointed,  and  much  interlinked  systems  that 
require  the  most  complete  and  elaborate  system  of 
protection.  It  therefore  becomes  a  question  as  to 
whether  it  is  the  better  pohcy  to  spend  a  lot  of  money 
on  protective  gear — which  when  all  is  said  and  done 
is  only  intended  to  make  the  best  of  a  bad  job — or 
whether  it  is  better  to  tackle  the  whole  matter  thor- 
oughly by  cutting  out  the  bad  work  and  improving 
the  lay-out  of  the  system.  This  again  is  a  case  where 
the  eventual  employment  of  extra-high-tension  feeders 
distinct  from  the  high-tension  distributors  will  greatly 
faciUtate  the  work  of  improvement.  I  have  never 
known  a  case  where  a  sound,  well  laid,  and  well  jointed 
cable  broke  down  from  the  inside,  and  such  a  break- 
down is  invariably  the  result  of  obvious  constructional 
defects  or  bad  jointing.  Most  breakdowns  originate 
from  the  outside,  usually  as  the  result  of  mechanical 
damage.  I  consider  therefore  that  the  "  Beaver  " 
test-sheath  provides  an  excellent  form  of  cable  pro- 
tection, and  it  has  the  further  advantage  that  it  does 
not  wait  for  the  fault  to  occur,  but  gives  warning  that 
such  a  fault  will  arise  in  the  distant  future,  thus  gi\ang 
ample  time  for  necessary  repairs  before  any  actual 
operating  trouble  arises.  If  it  were  possible  to  provide 
all  cables  with  such  sheaths  and  to  carrj-  out  systematic 
periodical  insulation  tests  on  them,  that  is  to  say,  if 
the  necessary  time  were  devoted  to  making  such  tests 
instead  of  to  the  work  of  setting  relays  and  so  forth, 
serious  cable  breakdowns  would  be  of  very  rare  occur- 
rence.    With    reference    to    the    question    of    time-lag, 


the  author  says  on  page  393  :  "  It  may  be  stated  with- 
out fear  of  contradiction,  that  more  interruptions  of 
supplv  are  caused  by  opening  circuits  prematurely 
than  by  leaving  a  fault  on  the  system  for  too  long  a 
time."  I  wish  he  would  amplify  that  statement, 
because  it  is  not  clear  to  me  to  what  sort  of  faults  he 
refers.  If  there  is  any  appreciable  dissipation  of 
energ\'  at  an  earth  fault  it  very  quickly  develops  into 
a  short-circuit,  and  therefore  the  sooner  it  is  off  the 
system  the  better.  With  regard  to*  the  operation  of 
automatic  switches,  the  claims  of  manufacturers  are 
usually  unduly  optimistic  ;  for,  taking  into  considera- 
tion that  first  the  fault  relay  and  then  the  trip 
mechanism  has  to  operate,  it  is  unhkely  that  the 
average  switch  will  break  the  circuit  in  much  less 
than  ^  second.  If  time-lags  must  be  employed  I  would 
suggest  that  2  seconds  be  regarded  as  the  maximum 
permissible  limit.  I  have  had  some  experience  of 
"  pjTO-electric  "  resistances  in  various  forms  and 
have  not  as  a  rule  found  them  reliable  :  certainly 
they  are  much  inferior  to  metal  resistances.  It  is 
not  necessary'  that  an  earthing  resistance  should  have 
a  negative  temperature  coefficient,  and  although  all 
pure  metals  have  a  positive  coefficient,  there  are  many 
thoroughly  reliable  high-resistance  alloys  which  have 
a  quite  negligible  coefficient  over  a  wide  range  of 
temperature.  A  star-wound  transformer  having  a 
closed  delta  winding  provides  a  satisfactory  alternative 
to  the  zig-zag  earthing  transformer  referred  to  in  the 
paper.  I  should  like  a  little  further  information  con- 
cerning the  arrangement  of  relays  shown  in  Fig.  10, 
as  the  operating  conditions  are  not  quite  clear.  There 
appears  to  be  an  operating  force  which  is  proportional 
to  the  current,  and  a  controUing  or  retarding  force 
proportional  to  the  square  of  the  current.  Consequently 
there  would  appear  to  be  some  value  of  the  operating 
current  at  which  the  forces  become  equal.  The  resist- 
ance shown  in  parallel  with  a  current  transformer  is 
not  a  very  satisfactory  arrangement  ;  such  resistances 
are  frequently  of  the  pj'ro-electric  type,  and  are  there- 
fore somewhat  unreliable.  A  transformer  so  pro- 
tected is  not  particularly  suitable  for  operating  instru- 
ments. I  think  the  same  amount  of  protection  would 
be  afforded  to  the  transformer,  and  also  to  other 
apparatus  in  the  circuit,  if  series  choke  coils  or  some- 
thing of  that  sort  were  used.  The  author  refers  to 
the  operation  of  balanced  protective  gear  caused  by 
current-rushes  when  large  transformers  are  switched 
into  circuit.  Several  cases  of  this  nature  have  been 
brought  to  my  notice,  and  there  has  frequently  been 
much  speculation  as  to  why  the  protective  gear  operated. 
I  am  therefore  glad  to  see  that  the  author  practically 
confirms  my  views  regarding  the  nature  of  the  occur- 
rences. When  trouble  arises  on  a  system  it  is  usually 
the  unexpected  that  happens,  and  that  one  fact  alone 
is  sufficient  to  make  the  problem  of  adequate  protection 
very  difficult. 

Mr.  G.  A.  Cheetham  :  I  feel  that  this  paper  is  an 
attempt  to  overcome  a  difficulty,  and  I  suggest  that 
this  difficulty  is  not  the  use  of  special  conductors  for 
protective  purposes  but  the  fact  that  such  systems 
were  evolved  at  a  rather  late  stage  in  the  development 
of  the  art  when  a  large  number  of  transmission  schemes 
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were  already  in  existence.     In  most  cases  the  cost  of 

con^■erting    these    schemes    to    the    new    method    was 
prohibitive,  otherwise   I  have  no  hesitation  in  stating 
that  the  great  ad^•antages  possessed  by  the  new  methods 
would    have    ensured    their    adoption.     The    very    fact 
that  in  spite  of  this  handicap  the  newer  systems  have 
been   used  on  the  extensions  to   existing  transmission 
schemes,  seems  to   prove  the  existence  of  a  regret  in 
the   mind    of    the   operating    engineer   that    they   were 
not    in    existence  when    his    transmission    system    was 
first   designed.     It   certainly   establishes   the   fact   that 
these  systems  possess  undoubted  advantages  over  those 
previously  installed.     The  introduction  of  special  con- 
ductors  is   only   required   for   fault   discrimination  ;     a 
perfect  system   can  readily   be  designed  without  such 
conductors  where  discrimination  is  unnecessary.      For 
example,   a  single    feeder   is    completely    protected    by 
core-balance    and    overload    relays.     The    introduction 
of  other  feeders  is  the  point  where  controversy  com-    ! 
mences    regarding    the    sj'stem    of    protection    to    be    1 
adopted.     The    main    advantages   of   such   svstems    as    i 
the  Merz-Price  and  IMerz-Hunter  consist  in  the  speed    * 
with    which    faulty    apparatus    is    removed    from    the    . 
mains,   and  the  ready  adaptabiUty  of  the  systems  to    ; 
most  portions  of  a  network.     The  author  appears  to 
consider  the  former  to  be  a  rather  doubtful  advantage. 
I   can  only  agree  that  there  is  a  considerable  danger    , 
in  disconnecting  apparatus  too  earl)-  when  that  apparatus 
has  not  itself  developed  a  fault  but  is  merely  disturbed 
due  to  a  fault  at  another  portion  of  the  network.     If 
it  is   definitely  established  that   a   fault   has  occurred, 
then  disconnection  should   be  as  rapid   as   possible  to 
prevent  further  development  of  the  fault.     It  should   j 
also  be  borne  in  mind  that  whilst  an  earth  fault  may 
remain   on   a   transmission   scheme   for   a   considerable 
time  without  threatening  the  continuity  of  supply,  the 
earthing  resistance  does  not  ensure  that  the  particular 
portion  of  the  scheme  affected  does  not  carry  a  heavy 
overload.     I   am  therefore   not  in  favour  of  retarding 
the    operation    of    leakage    relays.     A    recent    example 
illustrating   this   point   was   brought   to    my   notice  in 
which  an  examination  of  a  machine  after  the  operation 
of  the  Merz-Price  gear  revealed  a  single  pinhole  in  the 
winding.     I   fail  to  see  why  the  addition   of  fuses  in 
the   pilot   wires   of   Merz-Price   apparatus   slows   down    j 
the  operation  of  the  apparatus  on  the  occurrence  of   ' 
an  earth  fault.     With  reference  to  the  adaptability  of 
protective   gear   to    various   portions   of   a   network,    I 
have  been  impressed  with  the  diversitv  and  complexity    ' 
of   recent    developments    in    protective    devices   taking 
place    in    America    where    the    underlying    principle    is 
the    differential    scheme    as    outhned    by    the    author.    : 
As    the    system   grows,    the   interlocking    necessary    to 
provide  for  the  changed  conditions  occasioned  by  the   i 
tripping    of    a    breaker    becomes    complicated.      The   ' 
"  watertight  "    compartment    principle    of    the    Merz- 
Price     or     Merz-Hunter     schemes     which     the    author 
mentions  is  here  a  decided  advantage,  as  it  enables  a 
ready   step-by-step   extension   without   further   comph- 
cation.     With  reference  to  the  carbon  earthing  resist- 
ance, great  care  should  be  taken  that  the  value  of  the 
earthing   resistance   of   this   type   is   so   arranged   that 
sufficient  current  passes  on  an  earth  fault  to  trip  the 


protective  gear  immediately,  otherwise  there  is  a  danger 
that  a  large  time-lag  may  be  introduced  before  the 
fault  is  cleared.  I  wish  to  support  the  author's  opinion 
that  protective  gear  connections  should  be  kept  entirely 
separate  from  the  instrument  connections,  as  the  added 
complexity  widens  the  pitfall  into  which  far  too  many 
persons  fall  already  and  who  usually  excuse  themselves 
by  maligning  the  apparatus. 

Mr.  J.  S.  Peck  :  In  the  early  days  of  power  dis- 
tribution there  were  two  schools  of  distribution 
engineers  ;  one  believed  in  installing  all  the  protective 
devices  that  the  manufacturers  could  suggest,  the 
other  in  using  no  protective  devices  at  all,  except  for 
overloads.  From  the  claims  made,  it  was  very  diffi- 
cult to  tell  which  school  was  the  more  successful,  but 
I  think  the  general  opinion  was  that  those  who  had 
least  protection  had  the  greatest  contuiuity  of  service. 
But  as  generators  and  systems  have  grown  in  size, 
and  as  networks  have  increased  in  leijgth  and  com- 
plexity, it  has  become  increasingly  necessary  to  pro- 
vide protective  devices  in  order  to  limit  the  extent 
of  the  damage  when  a  breakdown  occurs.  In  this 
country  the  so-called  discriminating  protective  svstems 
(Merz-Price,  etc.)  have  been  very  extensively  developed, 
while  in  America  they  have  trusted  more  to  the  graded 
time-limit  s^'stem  of  protective  relays.  1  think  most 
operating  engineers  are  sceptical  of  the  relay  as  a 
method  of  protection,  as  it  has  a  reputation  for  working 
when  it  should  not,  and  for  failing  to  work  when  it 
should  come  into  operation ;  but  certainly  there  have 
been  great  improvements  made  of  recent  years  in 
protective  relays.  The  author  states  that  the  leakage 
current  to  earth  can  be  limited  by  the  amount  of  resist- 
ance in  the  earth  connection.  This  is  only  partially 
true,  as  the  charging  current  on  the  system  has  a  very 
great  effect  in  determining  the  amount  of  current 
which  flows  to  earth  at  the  fault.  I  remember  that 
some  years  ago  when  discussing  this  subject,  Mr.  Pearce 
or  Mr.  Mackenzie  stated  that  at  one  time  when  they 
were  running  with  a  free  neutral,  and  where  the  amount 
of  cable  connected  to  the  Manchester  svstem  was  com- 
paratively small,  they  were  able  to  run  for  several 
minutes  with  a  cable  fault  to  earth,  but  as  the  amount 
of  cable  connected  to  the  system  increased,  the  charging 
current  became  very  large  and  an  earth  would  develop 
into  a  short-circuit  between  phases  in  a  very  short 
period  of  time.  Thus  no  matter  how  much  resistance 
is  put  into  the  earth  connection,  the  charging  current 
of  the  system  will  flow  to  earth  at  the  fault.  The 
author  referred  to  the  protection  of  generators,  and 
Mr.  Cheetham  also  touched  upon  that  point.  If  we 
are  to  reduce  to  a  minimum  the  risk  of  fire  in  a  gener- 
ator in  the  case  of  breakdown,  it  is  necessary  to  dis- 
connect it  instantaneously.  The  more  rapid  the  dis- 
connection, the  less  chance  there  is  of  a  fault  developing 
into  a  conflagration.  Reference  has  been  made  to 
the  high  temperature  coefficient  of  the  cast-iron  earthing 
resistance.  I  believe  I  am  correct  in  saying  that  cast 
iron  has  a  very  small  temperature  coefficient.  Steel 
has  a  very  high  temperature  coefficient.  I  do  not 
quite  understand  the  statement  that  with  a  reactance 
in  the  earth  connection  the  neutral  point  is  at  a  higher 
potential  above  earth  than  is  the  case  with  a  resistance. 
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With  cither  a  reactance  or  a  resistance,  a  certain  current 
corresponds  to  a  certain  drop  across  the  reactance  or 
the  resistance,  and  this  drop  represents  the  potential 
of  the  neutral  above  earth. 

Mr.  H.  Hawkins  :  As  a  distribution  engineer,  I 
am  naturally  much  interested  in.  this  paper,  and  have 
a  further  interest  as  joint  originator  of  a  protective 
svstem  which  does  employ  special  conductors.  One 
of  the  conclusions  I  have  come  to  after  reading  the 
paper  is  that  j  udging  by  the  fact  that  the  consideration 
given  to  short-cucuits  largely  predominates  over  that 
given  to  earth  faults,  the  protective  systems  outlined 
by  the  author  apply  mainly  to  overhead  or  railway 
systems,  which  of  course  limits  its  scope.  Manchester 
experience  differs  considerably  so  far  as  the  type  of 
fault  is  concerned.  As  the  author  refers  to  the  Merz- 
Price  and  Merz-Hunter  systems,  I  should  like  to  bring 
to  his  notice  the  system  for  which  I  am  in  part  respon- 
sible, and  of  which  this  is  the  first  public  mention. 
Starting  with  Mr.  Pearce's  maxim  "  that  a  feeder  at 
the  main  generating  station  should  not  be  automatically 
disconnected  except  in  the  event  of  a  fault  to.  earth 
on  anv  one  of  its  three  phases,"  and  with  that  end  in 
view  an  endeavour  was  made  to  find  an  absolutely 
selective  system,  embodying  these  four  qualities, 
simplicity,  adaptability,  rapidity  of  action,  and  stability. 
I  think  it  will  be  agreed  that  if  a  protective  system  be 
found  embodying  these  four  points,  continuity  of  supply 
would  follow  as  a  natural  consequence.  By  a  process 
of  elimination  the  Ferranti-Field  transformer  with 
relay  was  arrived  at  as  the  most  stable  type  of  pro- 
tective gear  ;  these  transformers  and  relays  installed 
at  each  end  of  the  feeder  it  is  desired  to  protect,  with 
pilot  wires  or  special  conductors  joining  the  secondaries 
together,  constitute  the  invention.  I  suggest  that  if 
the  four  points  I  have  mentioned  are  obtained  abso- 
lutely there  is  good  argument  for  the  use  of  pilot  wires. 
The  author  admits  the  possibility  that  they  may  be 
desirable  unless  their  use  is  precluded  by  special  con- 
ditions. I  take  it  this  may  be  an  argument  in  favour 
of  the  laying  of  pilot  wires  with  future  cable  extensions. 
In  my  opinion  pilot  wires  may  in  themselves  have 
other  and  distinct  uses,  and  more  may  arise  in  the 
future.  Admitting  the  desirability,  in  view  of  the 
above,  of  some  connecting  link  other  than  a  feeder 
and  telephone  cable,  the  addition  of  the  extra  cores 
for  the  protective  system  is  not  a  serious  problem.  I 
Would  say  further  that  pilot  wires  are  in  my  opinion 
the  only  known  means  of  obtaining  an  instantaneous 
evaluation  of  th>  conditions  prevailing  at  each  end 
of  a  cable  at  any  moment,  with  simultaneously  co- 
ordinated action  or  inaction  as  the  occasion  demands. 
One  of  the  points  laid  down  as  desirable  is  simplicity. 
Feeder  protection  primarily  is  a  distribution  engineer's 
task  ;  it  is  his  business  to  avoid  complicating  the 
feeder  cable  or  burdening  the  power  or  substation  with 
extra  instruments  or  gear  introduced  into  the  high- 
tension  circuit.  The  author  states  on  page  394  that 
the  Merz-Price  and  split-conductor  systems  are  worked 
in  "  watertight  "  compartments,  and  I  agree  with  a 
previous  speaker  that  this  is  an  advantage.  If  the 
feeder  protective  gear  can  be  depended  upon  to  act 
selectively,    neither    influencing    nor    being    influenced 


by  other  gears,  in  the  event  of  a  shut-down  early  indi- 
cation is  given  as  to  where  the  trouble  lies.  The  author 
admits  that  the  use  of  current  transformers  for  a  dual 
purpose  is  not  desirable,  which  I  think  is  a  concession 
to  the  "  watertight  "  idea.  With  regard  to  adapt- 
ability, Ferranti-Field  transformers  with  pilot  wires 
can  claim  it  to  a  high  degree  ;  it  is  capable  of  dealing 
with  any  of  the  systems  of  feeders  selected  by  the 
author  or  could  be  applied  to  either  side  of  step-up 
and  step-down  transformers.  With  regard  to  rapidity 
of  action,  I  certainly  claim  that  the  Ferranti-Field 
transformer  with  its  relay  is  one  of  the  quickest  acting 
gears  at  present  in  use.  The  author  admits  the  extreme 
importance  of  clearing  faults  instantly  under  certain 
conditions,  and  I  am  inclined  to  lay  it  down  as  an 
axiom  that  on  feeders  an  earth  may  develop  into  a 
short-circuit,  but  a  short-circuit  will  develop  into  an 
earth.  I  agree  with  other  speakers  that  feeder  faults 
should  be  cleared  as  rapidly  as  possible  to  prevent  the 
ill-effects  mentioned  by  the  author  on  page  391  as 
likely  to  happen  if  a  fault  is  left  on  the  system.  I 
would  point  out  further  that  rapidity  of  action  of 
feeder  protective  gear  has  within  my  own  personal 
knowledge  prevented  possible  bodily  injury  in  several 
cases.  As  an  instance  of  rapiditv  of  action  of  a 
Ferranti-Field  transformer,  I  would  mention  that 
having  once  accidentally  earthed  a  feeder  carrying 
2,000  kw.  at  a  works  within  a  mile  of  Stuart-street 
power  station,  a  spark  no  greater  than  that  made  by 
striking  a  match  was  the  only  result  at  the  point  of 
contact,  and  it  was  not  until  I  heard  the  works  shut 
down  that  I  realized  that  the  feeder  had  tripped  out. 
At  the  time  there  was  about  45,000  kw.  of  generating 
plant  connected  to  the  busbars.  I  have  known  other 
cases  where  li%e  feeders  on  the  network  have  been 
earthed  and  cleared  by  the  Ferranti-Field  or  balanced- 
transformer  method  of  protection  where  those  respon- 
sible for  the  accidental  earthing  have  not  realized  until 
advised  from  the  power  station  that  the  gear  they 
assumed  to  be  dead  was  actually  alive,  the  feeder 
having  tripped  out.  Furthermore,  before  quick-acting 
protective  devices  were  used  distribution  engineers 
were  put  to  considerable  trouble  and  much  time  was 
lost,  as  severe  damage  to  a  cable  by  heavy  and  pro- 
longed fault  currents  prevented  accurate  and  rapid 
localization.  With  regard  to  stabiUty,  any  system 
which  is  normally  inert  such  as  the  Merz-Beard  referred 
to  on  page  401,  or  the  Ferranti-Field  with  pilots,  appears 
to  possess  decided  advantages  over  those  using  balanced 
pressures  or  currents,  as  there  is  no  stored-up  energy^ 
in  the  secondary  circuit  the  equilibrium  of  which  is 
hable  to  be  disturbed  by  pressure  or  current  surges, 
or  by  reason  of  the  differences  which  maj-  exist  in 
the  reaUtive  values  of  the  impedances  of  the  cores  of 
a  cable  or  its  connections,  which  differences  may  be 
largely  accentuated  if  very  hea\-y  currents  are  passing. 
In  conclusion,  I  am  incHned  to  think  the  author  has 
attempted  to  reconcile  incompatibles,  that  is,  a  system 
of  protection  competent  to  deal  adequately  with  either 
cable  faults  or  those  confined  to  the  generating  station 
or  substations. 

Mr.  L.  Romero  :  The  author  recommends  on  page  396 
the  use  of  the  same  type  of  differential  reverse  relays 
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at  the  generating  station  end  as  at  the  substation  end 
of  parallel  feeders.  It  appears  to  me  that  this  would 
be  a  very  uncertain  system  of  protection  and  almost 
as  likely  to  trip  the  sound  feeder  at  the  generating 
station  end  as  the  faulty  feeder.  If  we  suppose  that 
a  fault  to  earth  occurs  on,  say,  C  phase,  on  one  of  the 
feeders  very  near  the  substation  while  both  feeders 
are  carrying  their  normal  load,  the  difference  in  current 
between  the  two  feeders  at  the  generating  station  end 
will  not  be  sufficient  to  operate  the  relays  until  the 
faulty  feeder  has  been  cleared  at  the  substation  end. 
When  this  has  been  done  the  currents  in  the  two  feeders 
at  the  generating  station  end  will  be  as  follows  : — 

Sound  feeder  :  load  current  in  all  three  phases. 
Faulty  feeder  :    no  current  in  A  and  B  phases  and 
the  earth  fault  current  only  in  C  phase. 

That  is  to  say,  the  relays  on  A  and  B  phases  will  operate 
to  trip  the  sound  feeder  as  that  feeder  is  more  heavily 
ioaded  on  these  two  phases,  and  the  relays  on  C  phase 
will  only  operate  to  trip  the  faulty  feeder  if  the  fault 
current  to  earth  is  sufficiently  greater  than  twice  the 
load  current  on  one  feeder,  or  some  600  amperes  in 
the  case  of  two  0-25  square  inch  feeders  in  parallel. 

Mr.  J.  'Williams  :  Is  the  author  satisfied  that  such 
close  time-lag  setting  as  },  J  and  ij  seconds  (see 
page  393)  can  be  actually  obtained  in  practice  ?  Such 
tests  cannot  be  taken  with  an  ordinary  stop-watch  and 
I  should  like  to  know  whether  a  cycle  recorder  or  some 
similar  instrument  is  actually  used  for  the  purpose. 
I  have  tested  various  types  of  time-lag  devices  on 
much  coarser  settings  than  those  mentioned  above, 
and  as  a  rule  the  errors  are  very  considerable.  With 
reference  to  Fig.  11,  can  the  author  give  particulars 
of  a  reverse-current  relay  compensated  so  as  not  to 
trip  on  forward  current  ?  I  know  of  one  case  where 
trouble  was  experienced  due  to  both  reverse-current 
relays  tripping  at  the  substation.  It  was  only  after 
carrying  out  exhaustive  tests  that  we  found  that  this 
type  of  relay  tripped  on  forward  current,  provided 
the  power  factor  and  pressure  were  low  enough. 
For  instance,  it  tripped  under  the  following  condi- 
tions : — 


Volts 

Power  Factor 

Relay  Tripped 

10  per  cent 

Unity 

21.5  times  tl'.e  setting 

5 

" 

12 

30        .. 

0-2  (lag) 

20 

5 

o- 1      ,, 

9 

The  importance  of  ascertaining  the  characteristics  of 
reverse-current  relays  before  installing  will  be  evident 
from  the  following  tests,  which  were  carried  out  on 
reverse  current  on  three  difierent  types  of  relays,  A 
B,  and  C. 


* 

Type 

Pressure, 
per  cent 

Power  Factor 

Tripping  Current  as 

Number  of 

Times  Setting 

A 

5 

I 

5-6 

B 

5 

I 

6-5 

c 

5 

I 

20 

A 

5 

o'3  (lag) 

.5  "4 

C 

5 

0-3     .. 
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"  A  "  trips  on  forward  current,  but  B  and  C  do  not. 
In  my  opinion  every  effort  should  be  made  to  avoid 
direct-current  tripping  (page  405),  especially  where 
batteries  are  required,  owing  to  the  large  increase  in 
maintenance  cost.  I  agree  that  it  is  most  important 
to  check  the  relays  with  the  current  transformers 
(page  406),  more  particularly  in  order  to  ascertain  if 
the  ratio  error  is  excessive  as  a  result  of  the  volt -ampere 
load  on  the  secondary  side  being  too  high.  I  came 
across  a  case  where  overload  relays  on  a  feeder  failed 
to  operate,  and  when  they  were  tested  with  their  current 
transformers  the  ratio  error  was  found  to  be  about 
81  per  cent  low  at  the  full  load  of  the  current  trans- 
former before  the  plunger  even  commenced  to  rise. 
In  this  particular  case,  with  100  per  cent  overload  on 
the  primary  of  the  current  transformer  it  would  not 
trip  the  relay,  the  setting  of  which  corresponded  to 
20  per  cent  of  the  full  load  of  the  current  transformer. 
In  other  words,  the  ratio  error  was  at  least  90  per  cent. 
With  the  plunger  down,  it  was  found  that  the  pressure 
drop  on  this  relay  was  35  volts  on  the  i-ampere  setting, 
which  corresponded  to  20  per  cent  of  the  full  load 
of  the  current  transformer.  In  other  words,  875  volt- 
ampere  relays  had  been  connected  to  65  volt-ampere 
current  transformers.  Mr.  Cheetham  mentioned  about 
Merz-Price  protective  gear  isolating  a  fault  quickly.  I 
have  come  across  a  similar  case  where  one  of  the  end 
covers  of  a  vertical-type  generator  dropped  on  the 
stator  winding,  causing  a  very  slight  puncture  of  the 
insulation.  The  Merz-Price  balanced  protective  gear 
isolated  the  machine  immediately,  and  the  coil  was 
so  slightly  damaged  that  it  was  difficult  to  locate  the 
fault. 

Mr.  S.  Ferguson  :  I  am  afraid  the  scheme  of  pro- 
tective gear  shown  in  Figs.  15  and  16  as  applied  to  ring 
mains  will  not  find  favour  except  on  existing  systems 
where  it  is  impossible  to  lay  pilots  or  to  put  in  split 
conductors.  If  new  mains  are  being  laid  the  Merz- 
Price  system  or  split-conductor  protective  gear  seems 
to  me  infinitely  preferable.  The  employment  of  over- 
load relays  and  reverse  relays  on  ring  mains  would 
give  the  operating  engineer  a  considerable  amount  of 
trouble.  It  is  all  right  to  set  relays  with  a  difference 
in  settings  of  ^  second,  but  then  account  has  to  be 
taken  of  variations  in  the  time  for  the  operation  of 
the  oil  switches  themselves.  Unless  we  have  identical 
switches,  and  unless  extreme  care  were  taken  in  setting 
the    relays    the    J    second    would    be    easily   swamped. 
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Furthermore,  changes  in  operation  conditions  and 
extensions  would  call  for  adjustments  of  the  relays, 
which  would  become  troubleson>e.  There  is  one  other 
solution  to  the  problem  of  protection  of  existing  ring 
mains  where  no  pilots  are  laid  which  has  been  adopted 
by  at  least  one  of  our  largest  public  supply  authorities, 
that  is,  to  make  the  ring  main  sohd  after  it  has  once 
been  put  in  commission  and  to  rely  on  overload  and 
leakage  devices  at  the  two  ends  at  the  main  generating 
station.  Oil  switches  with  overload  and  leakage  devices 
are  installed  on  the  ring  main  in  the  various  substations, 
but  are  only  used  for  protecting  the  main  when  it  is 
being  switched  in  after  having  been  disconnected  for 
repairs  or  fault  locaUzation.  If  the  overload  device 
does  not  operate  on  closing,  the  switch  is  then  locked 
in  and  all  the  protection  is  controlled  from  the  central 
station.  I  beheve  this  system  works  very  well  in 
practice,  in  view  of  the  fact  that  only  quite  a  small 
proportion  of  faults  develop  on  the  cables  themselves, 
and  the  opening  up  of  sections  of  the  ring  main  is  not 
required  to  be  carried  out  frequently.  I  would  not 
suggest  that  this  scheme  is  as  good  as  the  Merz-Price 
or  spht  conductor,  but  it  is  an  alternative  I  would 
prefer  to  the  sj'stem  embodying  such  a  large  number 
of  relays  as  shown  in  Fig.  i6.  In  laying  down  new 
mains  I  think  spht  conductors  should  be  utihzed.  In 
the  early  stages  of  this  protective  gear,  difficulty  was 
experienced  due  to  the  system  requiring  a  special  type 
of  oil  switch  with  spht  contacts.  This  has  now,  how- 
ever, become  standardized  and  does  not  involve  a 
very  great  increase  in  expenditure.  With  regard  to 
the  scheme  shown  in  Fig.  8  (differential  reverse  relays 
for  dupUcate  feeders)  I  think  this  gear  can  be  simphfied 
at  the  generating  station  end  by  the  employment  of 
the  FerrantiAVaters  protecti\e  gear  which  is  generally 
the  same  in  principle,  the  chief  difference  being  that 
core  balancing  is  employed.  A  ring  transformer  with 
two  windings  is  shpped  over  each  of  the  dupUcate  cables. 
One  winding  on  each  transformer  is  used  for  comparing 
the  currents  in  each  feeder,  and  the  two  are  connected 
differentially,  whilst  the  other  windings  are  connected 
in  series  and  serve  to  operate  the  voltage  coils  of  two 
reverse  relays.  The  result  is  that  with  this  scheme 
only  two  reverse  relays  are  required  instead  of  six 
for  a  three-phase  system.  Furthermore,  the  current 
transformers  are  of  the  ring  type  and  can  be  shpped 
over  the  main  conductors,  thus  avoiding  insulation 
troubles,  and  potential  translormers  are  entirely  elimi- 
nated. This  scheme  is  also  apphcable  to  substations 
where  there  is  an  alternative  source  of  supply,  e.g. 
where  there  are  three  or  four  feeders  in  parallel  or 
where  there  is  a  duphcate  ring  main.  It  is  admitted 
that  the  above  arrangement  pre-supposes  that  on  the 
occurrence  of  a  fault  there  will  be  leakage  to  earth. 
It  is  difficult  to  imagine  a  fault  which  does  not  comply 
with  this  condition,  and  in  view  of  the  saving  of  relays 
and  apparatus  it  is  worth  adopting.  \Vith  regard  to 
the  method  of  operating  oil  switches  on  the  occurrence 
of  a  fault,  I  think  the  tendency  is  to  do  away  with  an 
independent  source  of  supply  and  to  allow  the  fault 
current  itself  to  operate  the  oil  switch.  By  this  I  do 
not  mean  the  high-tension  fault  current  but  the  current 


in  the  secondary  of  the  current  transformer  corre- 
sponding to  the  same.  To  accomplish  this,  oil  switches 
must  be  capable  of  being  tripped  with  a  very  small 
amount  of  power.  To  indicate  the  developments  which 
are  taking  place  I  would  point  out  that  it  is  now  possible 
to  operate  an  oil  switch  from  a  current  transformer 
having  only  loo  ampere-turns,  whereas  formerly  current 
transformers  of  400-600  ampere-turns  were  necessary. 
There  is  every  probability  that  this  figure  will  be 
reduced  in  the  near  future  to  40  ampere-turns.  I 
think  it  is  highly  desirable,  wherever  practicable,  that 
the  fault  current  itself  should  be  used  for  tripping  oil 
switches,  rather  than  rehance  be  put  on  an  independent 
supply  which  may  not  be  available  at  the  critical 
moment. 

Mr.  A.  Stubbs  (communicated)  :  Contrary  to  the  view 
expressed  by  nearly  all  the  speakers,  I  am  inchned 
to  think  that  the  author  of  the  paper  has  reahzed  what 
ought  to  be  the  logical  treatment  of  this  question  when 
he  refers  to  Fig.  3  and  shows  the  advantage  of  a  certain 
definite  time-lag  in  the  operating  gear.  This  time-lag 
should  at  least  be  used  wherever  the  generators  may 
be  considered  to  be  feeding  directly  into  the  fault,  i.e. 
in  connection  with  all  main  feeders  and  the  generators 
themselves,  assuming  it  is  possible  (and  it  would  appear 
to  be  more  than  possible)  that  a  fault  could  develop 
more  rapidly  than  the  operation  of  a  protective  gear 
and  its  heavy  oil  switch.  The  conditions  then  are 
that  an  almost  instantaneous  short-circuit  has  developed 
upon  the  system  and  is  fed  directly  with  power  from 
the  generators.  Where  modern  turbo-generators  are 
concerned  the  characteristic  of  a  short-circuit  is  shown 
in  Fig.  3,  only  that  the  peak  is  much  more  pronounced 
and  may  be  as  much  as  20  to  30  times  the  permanent 
short-circuit  current.  With  a  quick-operating  pro- 
tective gear  and  oil  switch  there  is  at  least  the  chance 
of  taking  the  peak  current,  probably  with  very  disas- 
trous consequences  at  the  point  where  the  circuit  is 
to  be  broken.  Since  in  the  large  power  stations  one 
of  the  hmiting  features  is  the  capacity  of  the  oil  switches 
installed,  it  is  hopeless  to  try  to  design  a  switch  to 
take  the  peak  current  during  a  short-circuit  ;  in  any 
case  it  would  mean  unnecessary  size  and  expense  in 
switchgear.  The  proposition  would  appear  to  be 
therefore  to  wait  for  the  permanent  short-circuit  current 
to  set  in  and  then  to  break  the  circuit  with  a  suitable 
oil  switch.  The  interval  of  time  between  the  occurrence 
of  a  fault  and  the  operation  of  the  switch  need  not 
be  very  long,  but  depends  upon  the  magnetic  energy 
of  the  alternator  rotor  circuit.  It  is  necessary  to  wait 
until  the  back  ampere-turns  of  the  stator  have  gradu- 
ally decreased  the  flux  of  the  rotor.  A  well- 
estabUshed  rule  of  one  of  the  best  organized  turbo- 
alternator  test-plates  in  this  country  was  :  "Do  not 
take  chances,"  a  rule  which  could  be  extended  to  all 
electrical  work.  Applying  this,  we  see  that  if  there  is 
only  the  sUghtest  chance  of  having  to  take  the  peak 
current  referred  to,  it  is  sufficient  justification  for  the 
use  of  a  time-lag  in  the  protective  gear. 

The  author's  reply  to  this  discussion  will  be  found 
on  page  636.] 
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Mr.  W.  Redmayne  :  I  am  connected  with  aa  under- 
taking employing  an  unearthed  3,000-volt  three-phase 
system  with  the  cables  connected  in  "  rings."  We  find 
that  nine  out  of  10  earths  are  caused  by  failure  of 
instrument  transformers,  and  such  earths  do  not  always 
cause  arcing  owing  to  the  fault  current  being  limited 
by  the  static  capacity  of  the  cables  and  apparatus  ; 
they  may,  and  occasionally  do,  cause  pressure-rises 
"which  find  a  weak  place  at  another  part  of  the  system. 
An  advantage  of  the  unearthed  ring-main  system  is 
the  ease  with  which  a  fault  may  be  located  to  any 
particular  ring  main  ;  it  is  only  necessary  to  switch 
off  one  side  of  each  ring  main  in  turn  until  an  alteration 
is  observed  in  the  indication  of  the  static  "  leakage  " 
voltmeters,  and  when  such  alteration  is  observed  the 
fault  can  be  further  localized  to  one  side  or  other  of 
the  ring  main  by  switching  off  first  one  side  and  then 
the  other  and  observing  the  effect  on  the  voltmeters. 
This  effect  is  caused  by  the  pressure-drop  due  to  the 
resistance  of  the  cable  to  the  passage  of  the  fault 
current.  My  e.xperience  with  graded  time-limit  relays 
or  fuses  has  been  unfortunate,  as  they  have  proved 
to  be  of  no  value  in  case  of  a  severe  fault.  Then, 
again,  on  a  ring-main  system  if  the  relays  are  graded 
towards  the  middle  of  the  ring  and  a  fault  occurs  any- 
where on  that  ring  main,  the  lightly  graded  relays  at 
the  middle  are  bound  to  operate.  It  may  be  of  interest 
to  the  author  to  learn  that  we  have  installed  and  are 
just  about  to  put  into  use  a  method  of  tripping  without 
the  use  of  primary  or  secondary  batteries  ;  this  method 
makes  use  of  both  current  and  pressure  transformers 
for  operating  the  trip  coils  which  are  connected  by 
means  of  a  suitable  relay  energized  from  the  split- 
conductor  transformers.  The  connections  between 
current  transformers  and  time-limit  fuses  need  careful 
attention  ;  I  have  observed  cases  where  the  connections 
appeared  to  be  short  and  sound  but  the  switches  haye 
tripped  without  blowing  the  fuses,  thus  proving  that 
a  poor  contact  existed,  perhaps  owing  to  the  o.xidized 
surface  of  the  fuse  contact-clips.  Relays  with  mercury- 
cup  contacts  also  appear  to  be  unreliable  ;  I  have 
several  mounted  on  sheet  iron  cubicle  doors  and  when 
these  doors  open  the  \ibration  throws  out  nearly  all 
the  mercury.  A  loss  of  mercury  also  occurs  each 
time  the  relays  operate  and  eventually  the  relay  is 
rendered  unfit  for  use.  Some  makers  will  also  insist 
on  using  copper  or  brass  mercury  cups,  notwith- 
standing the  well-known  creeping  and  amalgamating 
action  of  the  mercury  on  such  metals. 

Mr.  R.  D.  Spurr  :  I  am  very  interested  in  the 
question  of  discriminating  relays,  as  we  have  in  Bradford 
lour  6,600-volt  feeders  working  in  parallel.  At  the 
generating  station  we  have  induction-type  current 
relays  similar  to  those  described  in  the  paper,  but  at 
the  substation,  in  addition  to  the  induction  relays, 
we  have  fitted  reverse-current  relays  in  order  to  be 
sure  of  clearing  the  faulty  feeder  only.  These  latter 
relays  are  not  of  the  compensated  pattern  described 
by  the  author,  but  we  are  assured  that  owing  to  the 
length  of  the  fc.ur  feeders  we  shall  not  have  trouble 


due  to  opening  on  a  forward  current.  They  have 
been  in  use  four  years  and  up  to  now  only  one  set  has 
been  known  to  operate,  but  as  no  peimanent  fault 
was  recorded  we  assumed  that  the  fault  was  on  a  bulk 
consumer's  premises  near  the  substation  and  was  not 
o.f  sufficient  magnitude  to  be  noticed  by  the  attendants. 
We  cannot  cross-connect  these  relays  as  suggested, 
although  each  pair  of  feeders  follows  the  same  route. 
The  currents  at  any  point  are  unequal  and  varying, 
owing  to  consumers  taking  off  current  from  one  or 
other  of  the  feeders  between  the  generating  station 
and  the  substation.  Current-settings  are  not  of  much 
value  for  discriminating  purposes  on  a  series  of  induction 
relays  when  a  short-circuit  occurs,  though  for  simple 
overload  protection  the  current-settings  w'ill  obviously 
be  higher  near  to  the  generating  station  where  the 
current  normally  carried  is  greater.  The  time-setting 
on  a  short-circuit  is  the  all-important  factor,  and  we 
have  definitely  fixed  upon  0-4  second  as  the  smallest 
interval  of  time  permissible  between  successive  relays 
under  those  conditions.  Trouble  occurs  on  mi.xed 
systems  where  there  are  fuses  and  relays  in  series, 
as  all  types  of  fuses  deteriorate  and  are  un- 
reliable unless  frequently  changed.  To  illustrate  how 
this  occurs  in  practice  I  kiiow  of  a  case  of  a  failure 
of  a  300-k.v.a.  transformer  operating  at  10,000  volts, 
taking  current  from  two  700-k.v.a.  transformers  in 
parallel  at  our  substation  3  miles  away.  These  trans- 
formers were  protected  bv  induction-type  overload  and 
leakage  relays  set  to  operate  in  o  •  3  second  on  a  short- 
circuit  between  phases.  The  io,ooo-volt  feeder  and 
the  defective  transformer  oil  switches  were  protected 
by  fuses  shunting  the  alternating-current  trip  coils, 
and  in  the  case  of  the  feeder  the  fuses  used  were  sup- 
posed to  operate  at  a  lower  k.v.a.  loading  and  smaller 
time-lag  on  overload  than  the  relays,  ^^'hat  actually 
happened  is  rather  problematical,  but  it  was  found 
that  the  distant  oil  switch  undoubtedly  opened  first, 
and  the  surge  operated  the  feeder  and  transformer 
oil  switches  due  to  the  timing  being  too  close.  No 
ill-effects  were  felt  on  the  6,600-volt  system,  beyond 
a  momentary  drop  in  voltage,  nor  did  any  of  the  higher 
set  relays  operate.  The  general  adoption  of  fuse- 
shunted  trip  coils  is  undoubtedly  due  to  the  difficulty 
of  obtaining  direct  current  for  the  purpose  of  tripping 
the  oil  switches.  I  would  suggest  that  the  Fuller 
Block  cell  will  be  found  to  fulfil  the  requirements  in 
this  direction.  The  makers  claim  that  it  will  retain 
its  charge  for  long  periods  ;  it  is  comparatively  light 
in  weight,  and  boxes  of  six  cells  can  be  handled  com- 
fortably without  fear  of  disintegrating  the  plates. 
We  have  a  number  of  oil  switches  fitted  with  50-\-oIt 
trip  coils  dependent  on  one  of  these  batteries  for  trip 
current.  This  is  a  great  improvement  on  primary 
cells,  as  emergency  lighting  can  be  worked  off  these 
batteries  in  case  of  a  failure  of  the  supply.  The  rail- 
way and  telephone  authorities  are  adopting  it  for  their 
intermittently  working  apparatus  and  only  charge  up 
twice  a  year.  The  author's  scheme  for  protecting  a 
ring  main  will  be  welcomed  as  an  alternative  to  using 
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two  existing  cables  as  one  for  split-phase  protection. 
It  is  undoubtedlv  a  most  ingenious  method  of  applying 
reverse    relays    for    discriminating    purposes,    but    the 
question  of  time-setting  will  require  careful  considera- 
tion, and  imless  this  relay  can  be  constructed  to  have 
an    easily  adjustable   time-setting   I   am   afraid   it   will 
not  meet  with  approval.     The  adjustable  and  reliable 
time-setting  of  the   induction   relay  is   a   point  which 
very    favourablv    impresses    itself    upon    the    user.      I 
would  suggest  that  the  two  types  of  relay  might  be 
assembled  together  in  one  case  with  the  trip  contacts 
in  series  so  that  the  current  could  only  reach  the  trip 
coil  when  both  elements  had  performed  their  allotted 
tasks,   the  reverse  element  the  direction,   and  the  in- 
duction   element    the    time.     The    combination    would 
perhaps  result  in  an  expensive  instrumen  t,  but  accurate 
timing   and   directional   functioning  would   justify   the 
cost.     The    question    of    disposing    of    potential   trans- 
formers is  one  that  does  not  receive  the  attention  it 
deserves,  and  when  used  with  reverse  relays  it  is  not 
at  all  necessarj'  or  desirable  to   have  separate  trans- 
formers for  each  feeder.     We  have  one  set  of  two  single- 
phase  transformers  in  open  delta,  protected  by  tliree 
Reyrolle    dust    fuses,    to    supply    the    current    for    the 
potential  coils  of  four  sets  of  reverse  relays,  but  I  am 
strongly  of  the  opinion  that  on  large  systems  it  would 
be  advisable  to  have  a  good  oil  switch  for  each  group 
of  potential  transformers,  as  some  of  the  effects  of  recent 
faults    on    this    type    of    apparatus    have    been    rather 
alarming.     As    the    effectiveness    of    most    protective 
apparatus   is    dependent   upon   the   continuity   of   the 
earthing  resistance,  the    question    of    metal    grids    or 
carbon  powder  depends  upon  which  is  the  more  reliable. 
Iron  grids  have  a  way  of  breaking  occasionally,   and 
some  types  of  carbon-powder  motor  starters  were  not 
a  success  for  intermittent  use.     It  would  be  interesting 
to  know  the  life  and  continuous  carrying  capacity  of 
a    Brazil    carbon-powder    earthing    resistance,    as    iron 
grids  can  be  worked  for  long  periods  at  a  dull  red  heat. 
Mr.   C.  J.    Stacey  :     I   think  that   the   time-lags   in 
connection     with     reverse-current     relays     should     be 
marked    on    the    different    settings    with   two    figures : 
first  with  the  time-lag  at  the  normal  tripping  current, 
and   secondly  with  the   time-lag   at   heavy   fault   con- 
ditions, or  where  the  time-lag  is  no  longer  dependent 
on    the    variation   in    current.     The    difference   in    the 
time-lag  between  the  above  conditions  is  considerable, 
and  engineers  who  are  consideiing  this  class  of  apparatus 
for  the  first  time  are  liable  to  be  misled,   unless  they 
are  supphed  with  the  curve  showing  the  relation  between 
the  time-lag  in  seconds  and  the  current  passing  through 
this  apparatus.     I  do  not  agree  with  the  author  regard- 
ing the  earthing  of  the  star  point  on  the  primary  or 
high-tension  side  of  potential  transformers,  when  used 
on  a  three-phase  system  with  an  earthed  neutral,  and 
this    is    contrary    to    Board    of    Trade    regulations.     I 
would  point  out  that  it  is  undesirable  to  use  potential 
transformers  connected   star/star  for  the  measurement 
of  power,  as  a  floating  neutral  is  sometimes  obtained 
which  does  not  lead  to  correct  measurement  of  power. 
This  can  be  overcome  by  using  potential  transformers 
which  are  connected  delta  'star. 

Mr.  R.  D.   Fairclough  :     I  was  verj-  interested  to 


note  the  point  raised  about  capacity  tending  to  aggravate 
surging,  as  this  is  not  alwav'S  reahzed  and  on  the  system 
I  was  operating  we  had  a  serious  case  where  the  capacity 
effect   undoubtedly   increased   our   troubles,    though   it 
is  only  fair  to  state  that  I  beUeve  we  were  running  our 
neutral     connection     open-circuited     when     the     fault 
occurred.     The  effect  of  the  surges  set  up  was  so  serious 
that  the  system  was  paralysed  for  a  time  ;  the  trouble 
extended  and  actually  broke  down  the  cable  and  sub- 
station  system   in   several   places.     I   should   certainly 
be  interested  to  hear  more  of  the  feeders  the  author 
spoke  of,   where  a  number  of  plain  overload  trips  in 
series  along  the  route  acted  so  satisfactorily  by  virtue 
of  their  discriminating  settings.      My  own   experience 
is  that   one   ought    theoretically  to   be  able   to  obtain 
that    result,    but    in    actual    pracrice   when    a    heavy 
fault     occurs    aU    the    switches    open    simultaneously. 
This  is  rather  borne  out  by  the  curve  showing  the  high 
instantaneous  value  of  the  short-circuit  current.     The 
author   deplores   the   unpopularity   of   potential   trans- 
formers   and    says    that   switchgear    makers    ought    to 
alter  their  practice  with  regard  to  these  transformers  ; 
but   I   do   not   seriously  think   that   the   makers   have 
strong  views  on  the  matter,  as  one  can  buy  potential 
transformers  for  either  mesh  or  star  connection,   and 
there  are  many  arguments  for  and  against  each  arrange- 
ment.    As    a    general     rule     mains    engineers     dishke 
potential  transformers  on  the  ground  that  their  auto- 
matic protection  has  to  take  the  form  of  high-tension 
fuses,    which   have  a  disagreeable  way  of   blowing   at 
inopportune    moments.     I    am    of    opinion    that    this 
blowing  of  fuses  is  due  to  surging  which  occurs  on  all 
systems,    although    many    engineers    appear    unwilling 
to  admit  this.     The  surges  evidently  result  in  a  rise 
of  pressure  above  the  saturation  of  the  transformers, 
which    transformers    then    admit    of   sufficient    current 
passing  through  to  blow  the  fuses,   and  here  I  agree 
that   the   makers    might   be   well   advised   to    consider 
design  from  that  point  of  view,     ^^■hen  discussing  this 
matter  with  a  mains  engineer  recently  I  was  informed 
of  a  case  of  high-tension  bulk  supply  where  the  meters 
were  placed  at  the  substation  and  the  potential  trans- 
former  fuses   were   constantiv  blowing  ;    later  on,   the 
question  of  pavmient  for  cable  losses  was  raised  and 
by  agreement  the  meters  were  placed  in  a  meter  house 
half  way  on  the  cable  route,  and  after  that  the  fuses 
did  not  blow,   showing,   I  think,  that  surges  occurred 
but   (after  the  meters  were  moved)   were  absorbed  in 
the  dielectric  hysteresis  along  the  cable  route.     I  mj-self 
overcame  a  similar  difficulty  by  putting  static  tension 
limiters  close  to  the  terminals  of  the  potential  trans- 
formers,   and    this    immediately    stopped    any   further 
fuse-blowing    troubles.     The    author    stated    that    one 
great  advantage  of  the  carbon  resistance  in  the  neutral 
is  that  it  can  be  run  till  red  hot,  allowed  to  cool  and 
then  everything  is  again  in  order,  but  I  am  afraid  that 
I  cannot  agree,  as  my  experience  is  that  if  these. resist- 
ances have  to  carr\-  current  for  any  length  of  time  they 
ultimately  open  circuit  altogether.     We  had  an  inter- 
connection    through     auto-transformers     and     as     our 
neighbour's  cable  system  grew  in  size  we  found   that 
the  inductance  of  the  transformers  in  series  with  the 
capacity  of  the  cable  system  was  producing  what  was. 
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in  effect,  resonance  and  there  was  a  constant  flow  of 
current  through  our  earthing  resistance.  This,  though 
a  httle  disquieting,  was  not  a  serious  matter  after  it 
had  been  investigated  and  diagnosed,  but  up  to  that 
time  it  affected  trip  settings  (which  were  afterwards 
adjusted  to  allow  for  this)  and  caused  the  resistance 
to  become  overheated  and  to  open  circuit,  necessitating 
systematic  inspection  and   adjustment. 

Mr.  J.  C.  B.  Ingleby  :  I  should  like  to  ask  the  author 
whether  the  carbon  resistances  oxidized  when  red  hot 
and  whether  their  ohmic  resistance  did  not  graduallv 
alter  due  to  this  heating.  The  author  mentioned  the 
term  "  synchronous  speed  "  in  connection  with  the 
small  relay  motors,  but  I  cannot  understand  how  this 
type   of  motor  can  hav«  a  synchronous  speed. 

Major  K.  Edgcumbe  {in  reply,  commutncated)  :  It 
was,  I  suppose,  inevitable  that  much  of  the  discussion 
should  turn  upon  the  merits  of  the  devices  proposed  in 
the  paper,  as  compared  with  the  split-conductor,  Merz- 
Price  and  other  systems  necessitating  special  cables,  in 
spite  of  the  fact  that  the  title  of  the  paper  was  "  The 
Protection  of  Alternating  -  Current  Systems  without 
the  use  of  Special  Conductors."  The  task  which  I 
set  myself  was  to  show  what  could  be  done  without 
recourse  to  special  cables,  and  certainly  not  to  draw 
invidious  comparisons  between  these  proposals  and  well- 
known  systems  already  performing  excellent  service. 

I  am  gratified  to  see  that  the  ligure  of  J  second 
between  the  time-settings  of  a  number  of  relavs  in  series 
is  considered  by  several  speakers  to  err,  if  anything, 
on  the  high  side.  Mr.  Spurr  states  that  at  Bradford 
they  work  with  intcr\-als  of  0-4  second  with  satisfactory 
results.  Mr.  Clothier  gives  o-i  to  0-15  second,  and 
Mr.  Cowie,  in  the  London  discussion,  gave  0-2  second, 
as  the  time  taken  by  an  up-to-date  oil  switch  in  clearing 
a  fault  ;  which  would  leave  at  least  o  •  3  second  for  the 
relays  and  to  cover  contingencies,  to  say  nothing  of 
any  discrimination  which  the  current-settings  might 
afford  as  a  further  safeguard  against  premature  tripping. 

Dr.  Kapp's  contribution  to  the  discussion  is  of  con- 
siderable interest.  I  did  not  allude  to  the  use  of  react- 
ances in  feeders,  as  that  would  have  carried  me  beyond 
the  limits  of  my  subject,  but  there  can  be  no  doubt 
that  the  limitation  of  the  value  of  the  short-circuit 
current  is,  at  the  moment,  one  of  the  most  vital  ques- 
tions, and  any  solution  which  aims  at  doing  this 
without  adversely  affecting  the  power  factor  of  the 
system  is  to  be  welcomed. 

If  there  is  anything  in  Pope's  injunction  to  "  damn 
with  faint  praise,"  the  fuse-shunted  relay  or  trip-coil 
fared  badly,  even  at  the  hands  of  its  champions,  in 
the  discussion.  Mr.  Seddon,  for  example,  whilst 
admitting  the  troubles,  thought  that  the  contact  clips 
were  probably  more  to  blame  than  the  fuse  itself.  Mr. 
A.  P.  Robertson  attributed  the  many  failures  to  the 
detrimental  effect  of  the  atmosphere.  Mr.  Redmayne 
cited  cases  of  switches  tripping  although  the  fuse  had 
not  blown,  owing  to  bad  contacts.  :Mr.  Henniker  says 
of  fuses  that  they  "  certainly  do  deteriorate  and  it  is 
good  practice  to  make  the  periodical  replacement  of 
fuse  time-limits  a  regular  part  of  the  routine  maintenance 
of  protective  gear."     A  serious  difficulty  arises,  however, 


in  that  a  fuse  can  only  be  tested  by  destroying  it  and 
there  is  then  no  guarantee  that  the  one  put  in  to  replace 
it  will  have  the  same  characteristics.  In  view  of  the 
remarks  of  these  and  other  speakers  I  feel  that  I  was 
by  no  means  overstating  the  case  when  I  said  :  "A 
fuse  is  at  best  a  capricious  piece  of  apparatus,  and  for 
a  large  distribution  system  to  be  dependent  upon  its 
vagaries  seems  to  represent  verv  doubtful  economy." 
The  protective  scheme  illustrated  in  Figs.  15  and  16 
was  criticized  by  more  than  one  speaker  on  the  ground 
that,  whilst  applicable  to  small  systems,  it  was  not 
suitable  to  large  ones,  owing  to  the  long  time-lags 
retiuircd  for  some  of  the  relays.  I  would  point  out, 
in  reply,  that  this  system  was  only  recommended  bv 
me  for  rings  consisting  of  siiisL'  feeders.  Wherever 
parallel  feeders  are  used  (whether  throughout  or  only 
at  certain  points  of  the  ring)  differential  reverse  relay 
protection  (Fig.  8  or  g)  would  be  used,  and  the  time- 
lags  of  the  relays  on  either  side  could  be  shortened 
accordingly.  For  example  if,  in  Fig.  16,  the  feeder,- 
connecting  S  S3  with  S  S,  and  S  S^,  respectively,  were  run 
in  parallel,  their  protective  relays  would  be  set  to  act 
instantaneously  and  the  maximum  time-lag  at  any 
point  would  be  reduced  from  the  25  seconds  shown  in 
the  figure  to  i|  seconds.  On  any  system  of  moderate 
size  a  large  number  of  points  will  undoubtedly  be 
fed  by  parallel  feeders,  so  that  the  protection  of  the 
remaining  (single)  feeders  by  the  methods  described 
on  page  399  will  not  involve  excessive  time-lags. 

As  regards  earthing  the  neutral  point,  I  am  pleased 
to  see  that  practically  every  speaker  takes  it  for 
granted  that  the  generators  will  be  earthed  through  a 
resistance.  In  this  connection  Mr.  Beard  took  me  to 
task  for  giving  40  per  cent  of  the  generator  capacity 
as  a  suitable  setting  for  the  relays  on  the  self-balancing 
(Merz-Beard)  system  of  generator  protection,  on  the 
ground  that  this  figure  was  abnormally  high.  But 
Mr.  Clothier  confirms  the  figure  I  propose.  He 
says  "  Merz-Price  and  Self-balance  (Beard)  genera- 
tor protection  are  in  satisfactory  operation  at  or 
below  ...  33  per  cent  of  generator  capacity.  But 
I  would  rather  increase  the  minimum  current  through 
the  earthing  resistances."  He  adds  "  Relays  are  all 
the  better  for  plenty  of  margin  for  operating  inaccur- 
acies." It  is  precisely  this  margin  that  the  carbon- 
powder  resistance  affords  owing  to  its  negative  tempera- 
ture coefficient.  The  initial  current  can  be  adjusted 
to  be  10  or  20  per  cent  in  excess  of  the  relay  or  oil- 
switch  setting  and,  should  the  switch  "  hang  fire  "  for 
anv  reason,  the  current  increases  rapidly  in  value  and  so 
gives  a  wide  margin  to  cover  any  such  contingency.  Allu- 
sion mav  be  made  to  one  feature  of  the  Brazil  eartliing 
resistance  which  was  not  brought  out  in  the  paper  as 
it  might  have  been,  and  that  is  ttie  decrease  of  current 
which  takes  place  out  of  all  proportion  to  a  fall  of 
pressure  at  the  resistance  terminals.  This  feature  is 
valuable  in  suppressing  the  flow  of  triple-frequency 
currents  between  generator  neutrals.  A  case  was 
recently  investigated  in  which  two  generators,  each 
provided  with  its  own  Brazil  resistance,  designed  to 
pass  an  initial  current  of  250  amperes  at  10,000  volts 
(hne  pressure),  were  found  to  have  a  third  harmonic 
voltage   of   no   less   than  1,100  volts  between  neutral 
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points.  The  circulating  current  which  would  flow 
under  these  conditions  with  a  metal  grid  resistance 
works  out  to  about  2<,  amperes,  whereas  the  measured 
current  actually  passing  with  the  Brazil  resistance 
was  found  to  be  only  8  amperes,  or  about  one-third. 
It  may  be  well  to  point  out  that  the  arrangement  shown 
in  Fig.  20  can  be  extended  until  Ri  and  Rj  become  the 
whole  of  the  resistance,  R3  disappearing.  That  is  to 
say,  each  generator  has  its  own  resistance,  as  in  the 
case  just  cited.  This  arrangement  is  advantageous 
as  regards  the  elimination  of  circulating  currents, 
although  it  suffers  in  that  the  fault  current  to  earth  is 
dependent  upon  the  number  of  generators  which  may 
be  running  at  the  time. 

Mr.  Romero  draws  attention  to  the  fact  that  with 
parallel  feeder  protection  (Fig.  8)  the  whole  load  current 
flows  through  the  sound  feeder  as  soon  as  the  faulty 
one  has  been  isolated  at  the  further  end,  which  necessi- 
tates an  increased  earth  current.  On  page  ^05  of  the 
paper  as  pubhshed  in  the  Journal  I  have  added  a  sentence 
to  make  this  clear. 

Mr.  McColl  alludes  to  relays  the  action  of  which  depends 
upon  the  unsymmetrical  loading  of  the  three  phases 
amongst  themselves.  Such  relays  are  of  limited  appUca- 
tion.  They  can  be  used  to  isolate  an  overhead  feeder 
should  one  of  the  Knes  break,  but  are  too  liable  to  act 
on  the  occurrence  of  a  single-phase  fault  on  plant 
connected  to  the  feeder  to  be  of  great  value. 

Mr.  Wilson  suggests  that  a  thermal  relay  (or  fuse) 
has  the  correct  characteristics  for  opening  the  circuit, 
in  that  its  action  depends  upon  its  past  thermal  history. 
For  example,  it  will  act  \\ith  a  smaller  o\'erload  and  with 
a  shorter  time-lag  if  it  has  already  been  subjected  to 
full  load  for  a  prolonged  period,  which  is  as  it  should  be 
since  a  given  overload  will  damage  a  cable  that  has  already 
been  heated  more  than  when  it  starts  from  cold. 
Unfortunately,  the  heat  capacity  of  a  thermal  relay 
or  a  fuse  is  negligibly  small  compared  with  that  of  the 
cable,  so  that  the  extra  protection  afforded  is  illusory'. 
At  the  same  time,  rela^-s  can  be  designed  with  a  heat 
capacity  comparable  with  that  of  the  apparatus  which 
they  protect,  and  there  may  be  something  to  be  said  for 
their  employment,  but  the  trouble  then  is  that  the 
heat  capacities  of  the  cables  and  other  gear  forming  a 
circuit  differ  so  widely  that  the  additional  complication 
seems  hardly  justified.  In  my  opinion  it  would  be 
much  better  to  provide  an  electrical  thermometer  so 
lagged  as  to  give  approximately  the  temperature  of 
the  cable  or  machine.  Such  thermometers  can  be 
provided  with  alarm  contacts  for  bells  or  lamps  so  as  to 
give  the  switchboard  attendant  ample  warning  that 
something  is  wrong. 

I  am  glad  that  Mr.  Stacey  has  emphasized  the  import- 
ance of  differentiating,  in  the  case  of  an  inverse-time- 
element  relay,  between  the  time-lag  at  a  current  just 
greater  than  that  necessary  to  operate  it  and  that  under 
short-circuit  conditions.  This  is  a  matter  which  has 
not,  by  any  means,  received  the  attention  it  deserves. 
Referring  to  Fig.  6  of  the  paper,  most  relays  are  marked 
with  times  corresponding  to  the  points  at  which  the 
curves  cut  the  vertical  through  the  loo  per  cent  point. 


That  is  to  sav,  the  time-lags  would  be  described  as  20,  12 
and  4  seconds,  respectively.  But  it  will  be  obscr\'ed 
that  an  increase  of  even  2  or  3  per  cent  in  the  current 
makes  a  difference  of  some  50  per  cent  in  the  time- 
lag.  In  my  opinion  all  relays  should  be  marked  with 
two  distinct  times  :  (i)  that  corresponding  to  a  fault 
current  20  per  cent  in  excess  of  the  current-setting,  and 
(2)  that  which  the  relay  will  give  in  the  event  of  a  short- 
circuit.  The  time-lag  at  a  current  which  is  just 
sufficient  to  operate  the  relay  should  be  known 
approximateh-,but  is  of  small  importance  compared  with 
the  others,  particularlv  with  the  short-circuit  time-lag. 

To  my  recommendation  that  current  transformers 
should  be  allotted  to  the  protective  gear,  independently 
of  those  required  for  the  measuring  instruments  (a 
recommendation  endorsed  by  several  speakers),  I  would 
add  another,  namely,  that  the  size  of  the  transformers 
should  not  be  cut  too  fine.  The  volt-ampere  con- 
sumption of  a  relay  need  not  be  large  (15  volt-amperes 
should  suffice  in  nearly  all  cases),  but  too  small  a  current 
transformer  is  likely  to  have  a  less  satisfactory'  ratio 
curve  at  heavy  overloads  and  is,  moveover,  more, 
difficult  to  "  pair  "  accurately.  One  rated  at  40  volt- 
amperes  is  in  my  opinion  the  right  size. 

Several  speakers  appear  to  think  that  I  recommend 
long  time-lags  as  being  desirable  in  themselves.  This 
is  far  from  being  the  case  ;  it  is  obvious  that  when  once 
the  fault  has  developed  the  sooner  it  is  isolated  the 
better  for  all  concerned.  But  a  moderate  time-lag 
forms  a  most  convenient  means  of  discrimination  and 
besides  being,  in  most  cases,  quite  innocuous  actually 
reduces  the  severity  of  the  short-circuit  with  which  the 
oil  switch  has  to  deal  to  a  fraction  of  what  it  would 
be  if  cleared  instantaneously.  In  this  connection,  and 
in  reply  to  Mr.  Clothier,  it  would  be  disastrous  to  design 
an  oil  switch  on  the  assumption  that  it  will  never  have 
to  break  the  full  short-circuit  current.  To  take  an 
almost  parallel  case,  the  brakes  of  a  tramcar  must  be 
so  designed  as  to  make  an  emergency  stop  possible, 
but  good  driving  reduces  the  use  of  the  emergency 
brake  to  a  minimum. 

My  contention  that  "  more  interruptions  of  supply 
are  caused  by  opening  the  circuit  prematurely  than  by 
leaving  a  fault  on  the  system  for  too  long  a  time  " 
was  alluded  to  by  several  speakers  and  was  not,  I  think, 
controverted  by  any.  At  the  same  time  I  fully  endorse 
Mr.  Porter's  desire  for  further  information  as  to  what 
may  and  what  may  not  be  regarded  as  safe  time-lags 
under  various  conditions.  In  America  lags  of  8  or 
more  seconds  are  in  satisfactory  use,  but  my  own 
opinion  is  that  2  seconds  should  be  regarded  as  a 
maximum  in  most  cases  and  as  one  which  may,  in 
certain  cases,  have  to  be  reduced. 

Finally,  I  fully  reahze  that  to  many  who  have  been 
taught  to  regard  "  efficient  protection  "  and  "  special 
conductors  "  as  wellnigh  synonymous  expressions  it 
must  seem  almost  heretical  to  point  out  how  much 
can  be  done  without  these  adjuncts,  and  I  can  only 
thank  those  speakers  who  were  of  that  persuasion  for 
the  broad-minded  way  in  which  they  have  discussed 
my  proposals. 
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LIVERPOOL    SUB-CENTRE:     CHAIRMAN'S    ADDRESS 


By  Professor  E.  W.  Marchant,  D.Sc,  Member. 

{Abstract  of  Address  delivered  at  Liverpool,  19  January,   1920.) 


We  are  now  nearing  the  jubilee  of  the  parent  Institu- 
tion, and  it  occurred  to  mc  to  look  back  in  our  records 
and  see  what  the  first  President  of  the  Institution  had 
to  say  when  it  was  established  in  1872.  At  that  time 
there  were  only  no  members,  and- 1  may  therefore  be 
excused  if  I  rep;at  some  of  the  wise  words  that  Mr. 
Siemens  uttered  on  that  occasion,  because  I  think 
they  arc  very  appropriate  to  many  of  the  things  we 
shall  have  to  discuss  in  connection  with  the  new  Sub- 
Centre  that  has  been  formed.  His  opening  sentence, 
in  particular,  deserves  repetition. 

"  Our  future  prosperity  will  be  influenced  in  a  great 
measure  by  the  direction  in  which  we  shall  start  our 
pilgrimage.  Let  us  hope,  therefore,  that  our  joint  efforts 
may  lead  us  in  the  direction  of  true  scientific  and  prac- 
tical  advancement." 

He  starts  by  considering  whether  a  Society  of  Tele- 
graph Engineers,  as  the  Institution  then  was,  was 
reallj'  wanted  :  "  Is  Telegraph  Engineering  not  a  branch 
of  Civil  Engineering,  and  do  not  all  our  proceedings 
therefore  fall  within  the  legitimate  sphere  of  action 
of  the  Institution  of  Civil  Engineers  ?.  .  .  Is  it  desirable, 
indeed,  it  may  be  urged,  to  take  a  branch  from  the 
parent  stem  and  to  cultivate  it  separately  ?  " 

That  is  a  question  that  the  last  48  years  has  answered 
with  no  doubtful  and  uncertain  voice.  The  Institution 
has  grown  in  numbers  and  influence  so  greatly  that  it 
is  not  ver}'  far  from  the  truth  to  say  that  nowadays 
the  branch  is  as  great  as  the  original  stem.  But  there 
is,  I  venture  to  think,  a  still  present  danger  in  the  ques- 
tion that  he  asked  :  "  Shall  we  not  degenerate  thereby 
into  '  specialists,"  or  what  may  be  called  '  fractional 
quantities  of  scientific  men,'  and  this  in  the  face  of  the 
patent  fact  that  the  further  we  advance  in  scientific 
knowledge  (whether  pure  or  applied),  the  more  clearly 
we  perceive  the  intimate  connection  between  its  different 
branches,  and  the  impossibilitv  of  cultivating  one 
without  constantly  reverting  to  the  others.  In  answer 
to  such  allegations  we  may  fairly  assert  that  we  do  not 
intend  to  become  '  specialists  '  in  the  narrow  sense  of 
wishing  to  confine  the  range  of  our  knowledge  to  the 
phenomena  and  appliances  which  have  an  imm.ediate 
application  to  our  professional  objects.  .  .  .  But  our 
time  is  limited,  and,  although  the  great  principles  of 
nature  may  be  understood  generally  by  one  person, 
their  applications  are  infinite. 

"  If  it  is  impossible  for  one  man  to  master  the  special 
knowledge  accumulated  in  different  branches  of  Engineer- 
ing Science,  it  would  be  equally  impossible  for  one  Societ)' 
to  cultivate  all  those  branches  in  detail." 

And  so  he  arrives  at  the  conclusion  :  "  We  may, 
therefore,  safely  conclude  that  a  Society  of  Telegraph 
Engineers  is  necessary  for  the  more  rapid  development 


I  of  a  new  and  important  branch  of  applied  science  ; 
I  further  maintain  that  such  an  Institution  is  desirable 
in  order  to  afford  Telegraph  Engineers  frequent  oppor- 
tunities of  meeting  each  other  in  friendly  intercourse, 
and  of  impressing  them  with  the  conviction  that  their 
united  action  will  be  advantageous  to  the  material 
interests  of  all. 

"  The  measure  of  usefulness  of  the  new  Society  must 
depend,  however,  in  the  first  place,  upon  its  constitution 
and  upon  the  amount  of  support  which  it  is  likely  to 
receive,  and  in  the  second  place  upon  the  well-directed 
and  continued  exertions  of  its  members,  particularly 
of  those  members  and  associates  who  ha\'e  accepted 
posts  of  trust  in  the  Council." 

All  these  words  seem  to  me  so  appropriate  to  our 
present  position  that  I  make  no  apology  for  quoting 
them,  though  we  are  starting  the  Li\-erpool  Sub-Centre 
in  1920  with  more  than  twice  as  many  members  as 
the  whole  Institution  possessed  at  its  inception.  It 
seems  to  me  essential  that  each  Sub-Centre  should 
have  a  character  of  its  own,  controlled  very  largely  by 
local  conditions,  and  I  want  therefore,  in  the  first  place, 
to  stake  out  our  claims  and  to  deal  with  a  few  subjects 
which  I  think  tliis  Sub-Centre  is  specially  well  qualified 
to  discuss. 

Electric  power  on  ships. — The  use  of  electrical  equip- 
ment on  ships  is  now  becoming  increasingly  important. 
Liverpool,  of  course,  is  an  unrivalled  centre  for  the 
study  of  such  problems,  and  it  is  hoped  that,  as  time 
goes  on,  our  new  Sub-Centre  may  be  able  to  keep 
us  abreast  of  the  progress  that  is  being  made  in  this 
direction. 

Cables. — We  have  in  this  district  a  very  close  connec- 
tion with  the  cable  industry,  and  the  new  problems 
arising  in  connection  with  the  distribution  of  electric 
power  from  large  super-stations  will  give  the  members 
of  our  Sub-Centre  many  fruitful  evenings  of  discussion 
on  the  design  and  construction  of  overhead  and  cable 
hnes. 

Telegraphs. — In  Liverpool  we  have  one  of  the  largest 
factories  in  the  country  for  the  manufacture  of  telegraph 
and  telephone  apparatus.  Many  Members  of  Council 
regret  that  the  discussion  of  telegraph  and  telephone 
problems  occupies  such  a  small  proportion  of  the  pro- 
ceedings. I  hope  that  the  Liverpool  Sub-Centre  may 
help  to  remedy  this.  With  the  enormous  growth 
during  the  last  few  years  in  the  use  of  electrical  power 
for  factories  and  works,  it  is  perhaps  inevitable  that 
telegraphy  and  telephony  should  take  a  less  prominent 
place  ;  but  at  the  same  time  one  must  recognize  that, 
under  present  conditions,  rapid  and  efficient  means  of 
communication  are  becoming  more  and  more  essential. 

Wireless    telegraphy. — Of    all    the    branches    of    this 
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problem,  the  one  which  Liverpool  people  must  most 
fully  appreciate  is  wireless  telegraphJ^  The  shipping 
industry  is  by  far  the  biggest  in  the  district,  and  any- 
thing which  tends  to  make  the  journey  of  the  steamship 
safer  must  be  of  interest  to  the  shipowner. 

Electrical  engineering  in  chemical  works. — There  is 
another  branch  of  electrical  engineering  which  has 
hitherto  received  far  too  little  attention,  viz.  the  engineer- 
ing problems  connected  with  electro-chemistrj'.  There 
are,  in  the  neighbourhood  of  Liverpool,  chemical 
manufacturers  who  use  an  immense  amount  of  electrical 
energy  in  their  processes,  and  the  engineers  connected 
with  these  undertakings  should  be  able  to  provide  a 
number  of  papers  and  subjects  for  discussion. 

Future  of  the  electrical  engineering  graduate. — The 
last  few  months  have  seen  an  enormous  influx  into  our 
universities  and  technical  colleges.  The  number 
taking  engineering  courses  is  very  large,  and  the  questions 
may  perhaps  be  asked  :  What  is  going  to  happen  three 
or  four  years  hence,  when  these  men  are  ready  to  take 
their  place  in  industry'  ?  Can  they  be  absorbed,  or 
will  the  supply  exceed  the  demand  ?  Perhaps  the 
best  person  to  answer  that  would  be  a  man  engaged 
in  industry,  but  I  hope  it  will  not  be  out  of  place  for 
me  to  mention  one  or  two  saUent  facts  of  W'hich  v/e 
have  evidence  from  countries  other  than  our  own,  where 
the  number  of  trained  technical  graduates  has  been 
enormously  greater  in  proportion  to  population  than 
it   has    been  here. 

Personally,  I  do  not  feel  any  doubt  that  these  men, 
when  they  are  fully  trained,  will  find  occupation  in 
electrical  engineering.  We  are  on  the  eve  of  very  big 
developments,  electrical  power  is  being  used  in  every 
direction  for  new  undertakings,  and,  even  in  older  ones, 
where  no  great  gain  in  economy  may  be  expected  as 
the  result  of  electrification,  the  great  convenience  and 
flexibility  of  electrical  operation  have  led  to  its  adoption. 

One  of  the  most  interesting  is  the  practical  dis- 
use of  the  gas  engine  for  generating  electrical  energy 
in  chemical  works.  About  15  years  ago,  one  of 
the  largest  chemical  factories  in  this  district  installed 
a  number  of  gas  engines  with  producer  plant  for 
generating  the  energy  that  they  required.  In  all 
the  latest  additions  that  are  being  made,  however, 
steam  turbines  have  been  installed  with  turbo-generators. 


and  rotary  converters.  For  a  station  with  a  100  per 
cent  load  factor  this  is  a  remarkable  change,  and  it  has 
been  brought  about  in  order  to  avoid  the  necessity  of 
employing  a  large  amount  of  unskilled  labour. 

The  most  striking  phenomenon  at  present  is  the  unani- 
mous and  independent  decision  that  has  been  reached 
by  the  various  countries  of  Europe,  notably  Holland  and 
Germany,  that  schemes  for  a  widely  extended  supply 
of  electrical  energy  are  an  absolute  necessity. 

Training  of  electrical  engineers. — Mr.  Peck  once 
said,  in  a  discussion  on  the  education  of  engineers, 
that  he  thought  the  best  thing  to  specialize  in 
was  fundamental  principles.  I  consider  this  to  be 
one  of  the  wisest  things  wliich  have  ever  been  said  in 
connection  with  education.  Now,  in  practical  engineering 
it  has  to  be  recognized  that  the  deciding  factor  in  any 
engineering  project  is  :  A^'ill  it  pay  ?  That  is  a 
fundamental  principle.  If  it  will  not  pay,  then  the 
capital  for  earning  it  out  will  not  be  forthcoming,  and, 
as  far  as  practical  results  go,  the  scheme  might  never 
have  been  conceived. 

No  one  is  more  interested  than  myself  in  the  scientific 
side  of  engineering,  but  we  have  got  to  face  the  facts. 
We  have  got  to  realize  that  under  modern  conditions 
a  vast  number  of  trained  engineers  are  wanted,  who 
shall  be  equipped,  not  only  with  technical  knowledge, 
but  with  such  knowledge  also  as  vrill  enable  them  to 
deal  readily  with  commercial  problems.  If  we  are  to 
satisfy  this  need,  we  shall  look  to  close  co-operation 
with  those  undertakings  and  industries  which  are  asso- 
ciated with  the  works  and  factories  in  our  district. 
Tlie  outlook  for  the  technical  graduate  to-day  is  most 
encouraging  whether  he  takes  up  the  more  scientific 
side  of  engineering,  namely  research  work,  which  is 
now  becoming  a  standard  part  of  a  modem  manufactur- 
ing establishment  ;  whether  he  takes  up  works  manage- 
ment, scientific  management  as  the  phrase  now  runs  ; 
central  station  engineering,  with  the  multitude  of  new 
problems  that  will  inevitably  arise  in  connection  with 
new  super-stations  ;  telegraph  or  telephone  engineering  ; 
whether  he  concerns  himself  in  the  electro-chemical 
problems  which  are  now  rapidly  coming  to  the  front 
and  are  already  asking  for  solution  ;  or  whether,  as 
I  have  suggested,  he  concerns  himself  with  the  commercial 
problems  that  require  to  be  dealt  with  on  all  sides. 
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DISCUSSION     ON 

"FAILURES    OF   TURBO-GENERATORS  AND    SUGGESTIONS   FOR   IMPROVEMENTS."* 

North  Midland  Centre,  at  Leeds,  9  March,  1920. 


Mr.  W.  M.  Selvey  :  The  trend  of  development  in 
any  class  of  machinery  is  that  after  a  great  change  a 
very  rapid  advance  is  always  made,  and  that  snbse- 
quently  the  difficulties  are  met  by  a  process  of  slow 
refinement.  Eventually  these  processes  of  slow  refine- 
ment result  in  a  design  which  is  found  to  be  a  definite 
limitation  to  further  progress  and  those  who  wish  to 
look  ahead  have  to  seek  some  new  weapon  of  attack, 
some  great  step  forward,  which  afterwards  has  to  go 
through  the  same  process  of  refinement  in  order  to  make 
a  satisfactory  conimercial  piece  of  apparatus.  I  consider 
that,  although  many  of  us  may  have  thought  a  good 
deal  about  the  subject,  the  author  is  the  first  one  who 
has  had  the  courage  to  come  forward  and  point  out 
the  absolute  necessity  now  of  considering  some  great 
step  in  advance.  It  is  no  criticism  of  such  systenas  to 
say  at  the  start  that  they  look  unpractical.  Everything 
that  is  new  looks  unpractical  because  there  is  no  experi- 
ence by  which  to  criticize  it,  and  I  think  we  are  indebted 
to  the  author  for  pointing  out  the  impossibility  of 
depending  for  all  time  on  air  cooling.  He  has  boldly 
put  forward  the  revolutionary  proposal  that  the  whole 
machine  shall  be  one  large  water  jacket,  but  we  are 
glad  to  know  that  Messrs.  Parsons  have  produced  a 
water-cooled  rotor.  The  author  goes  a  long  way  beyond 
that.  He  recognizes  that  we  must  tackle  the  problem 
of  the  end  turns.  The  merit  of  his  solution  is  that  in 
introducing  these  new  appliances  he  at  the  same  time 
tries  to  adopt  and  improve  on  any  of  the  old  refinements 
in  the  way  of  supporting  coils  which  have  been  found 
so  necessary  in  improving  the  earlier  types  of  machines. 
In  fact  he  attempts  to  go  a  great  deal  further  in 
supporting  coils  than  has  yet  been  done. 

Mr.  J.  Wright :  I  can  endorse  a  good  deal  of 
the  author's  remarks,  having  experienced  most  of  the 
troubles  he  mentions.  I  think,  however,  one  can 
safely  say  that  the  defects  he  refers  to  are  more  or 
less  things  of  the  past  and  the  turbo-alternator  of  to-day 
is  a  great  improvement  on  the  machines  built  12  years 
ago.  When  one  considers  the  new  problems  which  the 
development  of  the  turbo-alternator  entailed,  I  think 
every  credit  is  due  to  designers  and  manufacturers  for 
the  progress  that  has  been  made  in  a  comparatively 
short  time.  There  is  still  room  for  improvements, 
however,  and  some  of  the  author's  suggestions  are 
worthy  of  consideration.  The  method  of  supporting 
the  rotor  end-turns  is  not  all  that  might  be  desired, 
and  while  I  do  not  favour  the  steel  wire  or  tape  direct 
on  the  coils  I  think  that  a  chrome  steel  cap  reinforced 
with  steel  wire  or  bands  would  be  safer.  There  is  one 
important  feature  in  the  design  of  rotors  which  is  not 
mentioned  in  the  paper.  The  slip-rings  should  not  be 
placed  together  but  one  at  either  end  of  the  rotor.  With 
regard  to  water  cooling,  I  think  that  Messrs.  Parsons 
have  not  had  sufficient  credit  for  the  development  of 

•  Paper  by  Mr.  J.  Shepherd  (sec  pages  I3S  and  265). 


the  water-cooled  rotor.  It  is  only  necessary  to  inspect 
one  of  these  rotors  under  construction  in  order  to 
appreciate  the  sound  mechanical  and  electrical  design. 
Referring  to  Fig.  13,  I  do  not  care  much  for  the  author's 
idea  of  using  the  rotor  coupling  as  an  outlet  for  the 
cooling  water.  I  think  he  would  have  great  difficulty 
in  making  a  joint  sufficiently  tight  to  prevent  water 
getting  into  the  lubricating  system.  There  is  little 
doubt  that  the  water-cooled  stator  in  one  form  or 
another  will  come  sooner  or  later,  and  if  it  is  tackled 
with  the  same  ingenuity  as  the  water-cooled  rotor  we 
should  have  little  to  fear. 

Mr.  E.  L.  Thorp  :  I  should  be  interested  to 
know  whether  the  author  has  considered  the  destructive 
effect  of  the  steam  which  might  be  suddenly  generated 
in  the  event  of  a  heavy  short-circuit  producing  intense 
local  heat  in  the  neighbourhood  of  the  proposed  water- 
cooled  elements. 

Mr.  J.  Shepherd  {in  reply)  :  Mr.  Selvey  considers 
the  paper  broadly  and  appreciates  certain  features  of 
novelty  which  I  endeavoured  to  bring  out.  The  sug- 
gested adoption  of  water  cooling  is  merely  a  means  to 
an  end,  viz.  a  more  rigid  stator  core  and  better  coil 
supports.  In  the  immediate  future  turbo-generators 
will  deal  with  power  of  a  magnitude  never  previously 
controlled  by  mankind.  The  essential  working  members, 
viz.  the  stator  coils,  are  of  necessity  mechanically 
weak  in  their  construction  and  will  require  all  the 
support  which  can  be  given  to  them.  The  continuous 
'  winding  slot  made  possible  by  water  cooling  gives  the 
maximum  coil  support  possible. 

Mr.  Wright  is  undoubtedly  correct  in  stating  that 
improvements  in  turbo-alternator  construction  have 
taken  place  in  recent  years.  The  size  of  electrical 
stations  and  the  power  developed  have  of  necessity  led 
to  the  construction  of  stronger  machines.  We  are 
now  at  the  commencement  of  a  tenfold  increase  in  the 
magnitude  of  the  forces  to  be  dealt  with,  whilst  the 
material  to  resist  these  forces  is  the  same  mechanically 
unsatisfactory  micanite,  or  similar  insulation.  Present 
methods  of  construction  may  or  may  not  withstand  the 
buffeting  of  such  enormous  forces  ;  time  only  will  show. 
If  they  do  not,  new  methods  of  construction  must  be 
adopted.  I  quite  agree  that  Messrs.  Parsons  have  not 
had  sufficient  credit  for  their  pioneer  work  in  water 
cooling  ;    their  water-cooled  rotor  is  simplicity  itself. 

Mr.  Thorp  raises  the  question  of  the  effect  on  the  water- 
cooled  devices  of  a  heavy  short-circuit.  To  be  really 
dangerous  the  short-circuit  would  require  to  be  sus- 
tained— a  very  unlikely  condition.  Fortunately  the 
latent  heat  of  steam  is  so  high  that  a  dangerous  quantity 
of  steam  is  not  likely  to  be  generated  at  the  short- 
circuit.  I  take  the  opportunity  of  thanking  Mr. 
Thorp  for  considerable  help  in  the  development  of 
the  new  methods  of  construction  described  in  the 
paper. 
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22nd  annual  general  IIEETIXG,  20  MAY,   1920. 
(Held  at  the  Institution  of  Civil  Engineers.) 


Mr.    Roger   T.   Smith,   President,   took  the  chair  at 

The  minutes  of  the  2ist  Annual  General  Meeting 
held  on  2gth  May,  igig,  were  taken  as  read,  and  were 
confirmed  and  signed. 

The  Report  of  the  Committee  of  Management  (see 
below)  and  the  Statement  of  Accounts  for  the  year  1919 
(see  page  642)  were  presented  and,  on  the  motion  of 
the  President,  seconded  by  Mr.  I,.  B.  Atkinson,  were 
unanimously  adopted. 

It  was  proposed  by  the  President,  seconded  by  JMr. 
J.  Savers,  and  unanimously  agreed,  that  Mr.  Sidney 
Sharp  and  Mr.  J.  Attfield,  F.C.A.,  be  re-elected 
Honorary  Auditors.  On  the  motion  of  Mr.  L.  B. 
Atkinson,  a  vote  of  thanks  was  passed  to  the  Honorary 
Auditors  for  their  services  during  the  past  year. 

The    Chairman    reported    that    under    Rule    10    the 


Council     had    appointed    the    following    Committee    of 
Management  for  the  year  1920-21  : 

The  President  {ex-officio). 

Mr.  H.  J.  Cash 

.Mr.  H.  W.  Clothier 

Sir  J.  Devonshire,  K.B.E. 

Mr.  D.  N.  Dunlop 

Mr.  J.  Sayers 

Colonel  H.  C.  Sparks 

Mr.  W.  B.  Esson 
Mr.  J.  H.  Rider 
Sir  W.  Slingo 


Representing  tke 
Council. 


Representing  the 
Contributors. 


and    the    Chairman   of    each    Territorial   Centre  in  the 
United  Kingdom. 

The  meeting  then  terminated. 


REPORT    OF  THE    COMMITTEE   OF   MANAGEMENT    FOR    THE    YEAR    1919. 


£  s. 

d. 

. .      260     8 

8 

6  17 

9 

..      182     0 

0 

• •      134     0 

0 

..      221     7 

8 

^804   14 

I 

Capital. 

The  Capital  Account  stood   on   the   31st   December, 
1919,  at  i^.jog  9s.  6d.,  all  of  which  is  invested. 

Income. 

The    Statement    of    Accounts   shows    that    the    total 
receipts  during  1919  were  as  follows  : — 


Dividends  on  Investments 

Interest 

196  Annual  Subscriptions 

13  Donations  of  £$  and  over 

475  Donations  under  £^ 


The  accumulated  Income  now  amounts  to  /i,750 
5s.  8d.,  of  which  £1,726  gs.  3d.  has  been  invested.  [ 

Donors  and  Subscribers. 

Lists  of  the  names  of  subscribers  and  donors  during 
1919  have  been  published  in  the  Journal. 

Among  the  larger  donations  received  were  two  of 
£z6   5s.    from   Messrs.    Babcock    &    Wilcox,    Ltd.,    and 


The  "  Twenty-five  "  Club  respectively,  and  one  of  £2^ 
from  ^Messrs.  \Y.  T.  Henley's  Telegraph  Works  Co.,  Ltd. 

A  special  appeal  for  subscriptions  to  the  Fund  was 
made  by  the  Committee  at  the  end  of  1919. 

The  Committee  of  Management  desire  to  acknowledge 
their  indebtedness  to  the  donors  and  subscribers,  and 
they  venture  to  urge  upon  members  the  pressing  need 
for  a  generous  support  of  the  Fund.  Apart  from 
donations  the  Committee  will  be  grateful  for  annual 
subscriptions  even  of  small  amounts. 

Grants. 

Twenty-five  applications  for  assistance  were  received 
in  1919  and  the  Committee,  after  due  consideration, 
made  grants  in  24  cases.  One  grant  of  £^0  was  made, 
three  of  £2^,  seven  of  ;^io,  six  of  £g  15s.,  one  of  £g, 
three  of  £S  15s.,  and  three  of  £y  los.,  a  total  of  ;^29i  5s. 
for  the  year. 

Wilde  Benevolent  Fund. 

The  Capital  Account  stood  on  the  31st  December, 
1919,  at  £2,586  19s.  2d.,  the  whole  of  which  is  invested 
and  brings  in  an  annual  income  of  £8g  12s.  5d. 

The  balance  standing  to  the  credit  of  the  Income 
Account  on  the  same  date  was  £y  8s.  4d. 

No  grant  was  made  from  this  Fund  during  the  year. 
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PROCEEDINGS    OF    THE    INSTITUTION. 


647th    ordinary    MEETING.    25    IVLVRCH,     1920. 
(Held  at  the  Institution  of  Civil  Engineers.) 
T.   Smith,   President,  took  the  chair  at 


Mr.  Roger 
6  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  i8th 
March,  1920,  were  taken  as  read,  and  were  confirmed 
and  signed. 

A  list  of  candidates  for  election  and  transfer  ap- 
proved by  the  Council  for  ballot  was  taken  as  read, 
and  was  ordered  to  be  suspended  in  the  Hall. 


A  paper  by  !Mr.  L.  Milne,  Member,  entitled  "  The 
Electrical  Equipment  of  Artisan  DweUings  "  (see 
page  464),  was  read  and  discussed  together  with  the 
Report  on  "  Earthing"  (see  page  46S)  of  the  Earthing 
Sub-Committee  of  the  Wiring  Rules  Committee,  and 
the  meeting  adjourned  at  7.45  p.m. 


6t8rH    ORDIN.\RY    MEETING,     15    APRIL,     1920. 
(H;ld  at  the  Institution  of  Civil  Engineers.) 


Mr.  Roger  T.  Smith,  President,  took  the  chair  at 
6  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  25th 
March,  1920,  were  taken  as  read,  and  were  confirmed 
and  signed. 

Messrs.  H.  Brazil  and  R.  W.  Hughman  were  ap- 
pointed scrutineers  of  the  ballot  for  the  election  and 
transfer  of  members  and,  at  the  end  of  the  meeting,  the 
result  of  the  ballot  was  declared  as  follows  : — 

Elections. 

As  Members. 
Bristow,  \Miiston  Alfred.        Ogih^e,  AIe.xander,  O.B.E., 

B.Sc. 

As  Associate  Members. 


As  Associate  Members — continued. 


Allen,  Ernest  Edward. 
Baddeley,  Douglas  Steph- 
enson. 

Borthwick,    Alexander 
Charles. 

Brand,  Wilham. 

Bridcut,  Lieut. -Col.  Sidney 
Haines. 

Broberg,  Raymond  Victor. 

Bromlej',  Joseph  Alfred. 

BuU,  Walter. 

Burgess,     Alfred    Francis, 
B.Sc.  (Eng.). 

Campbell,  Arthur  Edwin. 

Crompton,  Frank. 

Cunningham,  Edward. 

Cuss,  Arthur  Tremlett. 

Dandeker,  Parasharam. 

Dobson,  James. 

Edwards,  Edward. 

Essex,  George  William. 

Evans,  WiUiam  Edward. 

Fletcher,  Cyril  Cooper. 

Fletcher,  George  Kenneth. 


Fraser,  HaroldGordon,M  .C . 
Fraser,  Herbert  Cecil. 
Freer,  Robert  McDonald. 
French,  Bertie. 
Gardiner,  Frederick  Henry. 
Gibson,  John  Maughan. 
Glover,  Edgar  Arthur. 
Hanks,  WiUiam  Henry  P. 
Hannah,  Walter  Wilham. 
Herink,  Henry  James. 
Holhs,  Lewis  Warburton. 
Horley,  Robert  Eustace  G. 
Hurst,  Alfred  John. 
Iving,  Cyril  Douglas. 
King,  Mansfield  Tagert. 
Lawrence,    Hugh    ^^'ilbe^- 

force. 
Lawion,  James  Holden. 
L'Estrange,    Frederick 

Robert. 
Lloyd,  Peter  Gleave. 
Logan,  Wilham  Archibald. 
Lowndes,  Percy  Norman. 
McDonald,  John. 


Marshall,  James  Macouat. 
Melton,      George     Barrat- 

clough. 
Merriman,  Ernest. 
Mitchell,  Wilham  Guy  P. 
Morgan,  George. 
Partridge,  Thomas  Teil. 
Patterson,  James  Boyd. 
PhiUp,  Peter. 
Poole^  Frank  Harry. 
Proud,  Harr\'  MelvOle. 
Rigden,  Sj'dney  Paul. 
Ross,  WiUiam. 
Saver,  Cjnril  Eustace,  B.Sc. 

(Eng.). 
Shirshov,  Ivan. 
Smith,  Herbert  Horton. 


Stanley,  George  John. 
Steveni,  Edward  John. 
Taylor,  George  Edward. 
Taylor,  \\'alter  Gilby. 
Thackrah,  Harni'. 
Thomsen,  Rudolph. 
Wallace,  Malcolm  Gilbert, 

B.Sc.  (Eng.). 
Walton,  Fred. 
Wei,     Wing     Hon,     B.Sc. 

(Eng.). 
Whitgift,  Mark. 
Wood,  Frank. 
Woodfull,  Balfour. 
Yarwood,  George  Arthur. 
Yorke,  John  Paley. 


As  Graduates. 


Brenegan,  Stanley. 

Buckley,  John  Stanley. 

Buckley,   Joseph  Duck- 
worth. 

Churchill,  Percy. 

HaUam,  Albert' William  F. 

Hook,  Reginald  Vincent. 

Jaques,    Archibald   \'alen- 
tine. 

Lamden,  Henry  James. 

Lang,  Frank  James  C. 

Longmuir,  John  Bogie. 

McIManus,  John. 

Macnamara,  Francis  John. 

Meecham,  Jeffrey. 

Ockenden,   Francis  Ed- 
mund. 

Ogg,  Wilham. 

Paterson,  Da\id. 


Rodrigucs,  Joseph. 
Rose,  Francis  Joseph  P. 
Royal,  James  ^^'ilham. 
Satchell,  Reginald  Wilham. 
Scott,  Robert  Claude. 
Smee,  Alfred  Thomas. 
Smith,  Ernest  Forsyth. 
Swain,  Vi\aan  Ernest  T. 
Swale,  ^\'ilham  Eric. 
Tucker,  Frederick  John. 
Turner,  Xorman. 
Turner-Smith,     Bernard 

Westcott.  , 

L'scinski,  Alexander. 
Ward,  Thomas  Moore  E. 
Williams,  Bertram  Evan. 
^^'illson,    Charles    Schum- 

melketel,  B.Sc.  (Eng.). 
Wilson,  Herbert  Walter. 
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As  Students. 


AUkins.ArthiirWarrington. 
Armitstead,  James  Henry. 
Ashmore,  Joseph. 
Barnes,  Wilfred  Charles. 
Birchall,  Laurence  Edwin. 
Bird,  David  Grieves. 
Brown,  Donald  Fullarton. 
Clark,  William  Henry  V. 
Cooper,  George. 
Copp,  Philip. 
Deacon,  Edward  Charles. 
Dent,  Eric  Dixon. 
Farrow,  Reginald  Henry  M. 
Foulkes-Roberts,    David 

Swynford. 
Gildert,  Robert. 
Gillett,  James  Keith. 
Gorrie,  William  Campbell. 
Gough,  Howard  Butler. 
Hancock,  Frederick  John. 
Harris,  Valentine  Arthur. 
Holman,  Horace. 
Hullah,  Roland  Gilbert. 
Imrie-Smith,  William. 
Inward,  Thomas  William. 
Jones,  William  Gwynn. 
Kirkup,  Ralph  Hugh. 
Lewis,  G\\ilym. 


Long,  Herbert  Howard. 

Maffey,  Walter  John. 

Maguire,     Austin     Joseph 
(B.Eng.). 

Meaby,  Francis  Charles. 

Menesse,  Arthur  Douglas. 

Meyer,  Edward  Herman. 

Palmer,  Ronald  Frank. 

Parikh,     Ramanlal     Gird- 
hartal. 

Parker,  Leonard  Eustace. 

Phillips,  Arthur  Guest. 

Pound,  Edwin  Thomas. 

Price,  Arthur  John. 

Price,  Samuel  Carrick. 

Rhodes,  Arnold. 

Richardson,  Stanley. 

Ridley,  Allison. 

Robertson,    Miss   Bessie 
Wolfe. 

Russell,  John. 

Saggerson,  Edward  Walter. 

Samples,  Walter. 

Searson,  Victor  Frederick. 

Shephard,  Alger  George. 

Sherlock,  John  Richard. 

Smith,  Edward  Seymour. 

Steele,  Robert  Mansel. 


As  Students — continued. 
Thomas,  Joseph.  Watson,  Alexander. 

Thornton,  Edward  Charles      Westell,  Edgar  Philip  L. 
B.  \^'infield,    Frederick   C. 

Waring,  John.  (B.Eng.). 

As  Associates. 
Barrett,  Harry  George.  Fariiag,  Vyvyan  Eaton. 

Transfers. 
From  Associate  Member  to  Member. 
Buyers,  Charles  Stuart.  Wilson,  William  Hamilton 

Christianson,  William  Alexander. 

From  Graduate  to  Associate  Member. 
Adams,  Herbert.  Critcher,  Wilham  Thomas. 

Baker,  Charles  Ernest.  Richardson,  Thomas  Carr 

From  Student  to  Associate  Member. 
Bruce,  Arthur  Stanley.  O'Donovan,  Daniel 

Couch,  William  Charles  M.  Edward. 

Gibson,  Harold  Cracroft.  Wadeson,  Maurice. 

From  Associate  to  Associate  Member. 
Dixon,   George. 

Dr.  C.  V.  Drysdale,  O.B.E.,  Member,  then  delivered 
the  Eleventh  Kelvin  Lecture,  entitled  "  Modern  Marine 
Problems  in  War  and  Peace"  (see  page  572).  A  vote 
of  thanks  to  the  lecturer,  proposed  by  Mr.  C.  H.  Merz 
and  seconded  by  Dr.  W.  H.  Eccles,  was  carried  with 
acclamation,  and  the  meeting  adjourned  at  7.40  p.m. 


649th    ORDINARY    MEETING,     29    APRIL,     1920. 
(Held  at  the  Institution  of  Civil  Engineers.) 


Mr.  Roger  T.  Smith,  President,  took  the  chair  at 
6  p.m. 

The   minutes  of  the   Ordinary   Meeting  of  the    15th 
April,    1920,   were  taken   as  read,   and  were  confirmed  . 
and  signed. 

Mr.  J^  B.  O.  Hawes,  Professor  J.  T.  MacGregor- 
Morris,  and  Mr.  W.  E.  Warrilow  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new 
Members  of  Council. 

The  following  donations  were  announced  as  having 
been  received  and  the  thanks  of  the  meeting  were 
accorded  to  the  donors  : — 

Building  Fund. — Professor  A.  Hay. 

Library. — The  Astronomer  Roj'al,  The  British  Elec- 
trical and  Allied  Manufacturers'  ."Association,  INIessrs. 
Butterworth     &     Co.,     Messrs.    Cassell     &    Co.,    Ltd., 


The  Commissioner  of  Conservation  (Canada),  Messrs. 
Constable  &  Co.,  Ltd.,  The  Imperial  Mmeral  Research 
Bureau,  Liverpool  Corporation  Tramways  (General 
Manager),  The  Meteorological  Office  (London),  R.  E. 
Neale,  Nouvelle  Societe  Helvetique,  E.  Raymond- 
Barker,  R.  Rymer-Jones,  Messrs.  E.  &  F.  N.  Spon, 
Ltd.,  The  Surveyor  General  of  India,  The  Syndics  of 
the  Cambridge  University  Press,  The  Technical  Pub- 
lishing Co.,  Ltd.,  Mrs.  S.  P.  Thompson,  University  of 
Illinois,  The  Wireless  Press,  Ltd. 

Benevolent  Fund. — See  Institution  Notes,  No.  21, 
page  23,  Maj^  1920. 

A  paper  by  Mr.  A.  E.  McColl,  Associate  Member, 
entitled  "  Automatic  Protective  Devices  for  .-Mtematiiig- 
Current  Systems  "  (see  page  525),  was  read  and  dis- 
cussed and  the  meeting  adjourned  at  7.45  p.m. 
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THE   ANALYTICAL   DETERMINATION    OF   T?IE  STEPS   IN   THE    STARTER 

OF   A   SERIES   MOTOR.* 

B}-  Stanley  Parker  Smith,  D.Sc,  Member. 

{Paper  first  received  8   April,  and  in  final  form,    12  May,   1920.) 


Summary. 

In  tliis  paper  a  simple  analytical  method  for  calcu- 
lating the  resistance  steps  in  the  starter  of  a  series 
motor  is  given,  and  examples  are  worked  out  illustrating 
the  application  of  the  method  to  the  series  motor  and  . 
to  two  series  motors  arranged  for  series-parallel  control 
The  solution  of  the  problem  entails  a  knowledge  of 
the  magnetization  curve,  or  of  the  speed  curve,  of 
the  motor  ;  but  no  graphical  construction  is  necessary 
for  obtaining  the  results.  The  sets  of  curves  in 
Figs,  3  and  5  are  added  to  illustrate  the  results. 

I.  Introductory. 

WTien  metallic  starters  are  used,  it  is  usual  to  arrange 
the  resistance  steps  so  that  the  current  varies  between 
given  limits.  Practically  all  the  methods  for  deter- 
mining the  steps  in  the  starters  of  series  motors  are 
graphical,  and  the  object  of  the  present  paper  is  to 
describe  a  simple  method  whereby  a  given  number 
of  steps  can  be  obtained  analytically  with  the  same 
accuracy  and  practically  with  the  same  ease  as  for  a 
shunt  motor.  By  using  an  analji:ical  method,  not 
only  is  a  correct  solution  obtained  without  trial  and 
error,  but  the  construction  of  a  diagram  is  avoided. 

The  fact  that,  for  definite  upper  and  lower  current 
limits,  the  steps  in  the  starter  of  a  series  motor  form  a 
geometric  series,  is  well  known  (e.g.  see  "  Hilfsbuch  der 
Elektrotechnik,"  8th  edition,  p.  326 — article  by  H. 
Gorges),  and  some  time  ago  Professor  T.  Mather  drew 
the  author's  attention  to  the  analytical  expressions 
for  the  several  resistances  in  such  a  starter.  These 
facts  are  included  in  the  following  method  together 
with   the   further   conditions   which   are   necessary  for 

•  The  Papers  Ccmraittee  invite  written  ccmmunications  (with  a  view  to 
pi'blication  in  the  Jmirnal  if  approved  by  the  Committee)  on  papers  published 
in  the  Journal  without  being  read  at  a  meeting.  Communicatioi.s  she  uld  reach 
the  Secretary'  of  the  Institution  not  later  than  one  month  after  publication  of 
the  paper  to  which  they  relate. 
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its  appUcation  to  the  series  motor,  and  to  the  series- 
parallel  connection  of  two  series  motors. 

The  examples  given  in  the  paper  were  worked  out 
by  students  taking  the  course  in  Electric  Traction 
at  th.e  City  and  Guilds  (Engineering)  College,  and  the 
author  is  particularh-  indebted  to  Mr.  A.  C.  Beer, 
Wh.Sch.,  for  his  invaluable  assistance  in  preparing 
the  material  and  the  diagrams. 

2.  Theory. 

From  the  equation  for  the  electromotive  force 
induced  in  a  direct-current  machine  we  can  write  for 
the  speed 


N 


k    -  revs,  per  min (i) 


where    A    is    a    constant    for    any    given    motor,    and 
<p  =  useful  flux  per  pole. 

Now  the  electromotive  force  induced  in  the  motor  is 


RI 


(2) 


where  V  =  pressure  at  the  supply  terminals, 

R  :=  total  resistance  in  armature  circuit  between 

suppl}'  terminals, 
I  =  current  in  the    field   and  armature    of    the 
motor. 


Hence  Eqn.   (i)  may  be  written 

V  -  RI 

N  =  ft  ■ 


0 


(3) 


The  supply  pressure  V  is  assumed  to  be  constant, 
whilst  the  current  I  at  starting  is  kept  within  the 
requisite  limits  by  varj-ing  the  resistance  R ;  also, 
with  series-parallel  control,  by  varj-ing  the  pressure 
apphed  to  each  motor. 
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In  order  to  calculate  the  resistance  steps  in  a  metallic 
starter,  we  proceed  as  follows  : 

Let    I,  =  upper  limit  of  current  during  starting, 
I,  :=  lower  limit  of  current  during  starting, 
<p,  =  flux  corresponding  to  I,, 
0j  =  flux  corresponding  to  Ij. 

The  fluxes  <Pi  and  </>,  are  obtained  from  the  magnetiza- 
tion curve  of  the  motor  (cf.  Figs.  2  and  4),  or,  alterna- 
tively, from  the  speed  curve  of  the  motor.  The  use 
of  the  flux  characteristic  in  the  calculation  of  the 
starter  arises  from  the  fact  that  in  the  series  motor 
the  flux  is  a  function  of  the  armature  current  ;  whereas, 
in  a  shunt  motor,  the  flux  is  constant,  so  that  the 
maenetization  curve  is  not  needed. 


Further,  let 


^3  = 


I. 
I. 

X 


(4) 


In  general,  A  and  ^  are  >  I,  and  a  is  <  i.     (In  a  shunt 
motor,   ^  =  I,  and  therefore  a  =  i  'A.) 


■njTrLrLarLrLrLri-rLPi 

L 


i^r,- 


Fig.   I.— Diagrammatic   arrangement   of  starting  resistance 
for  series  motor. 

The  conditions  during  starting  are  represented  in 
Fig.  1,  where  R,„  =  resistance  between  terminals  of 
motor ;  R^,  R;,,  .  .  .  R„  and  R„,  =  resistances  between 
supply  terminals  during  starting;  j-j,  r^,  .  .  .  r„ 
=  resistance  steps. 


Then 


Ra  —  R(,  =  )', 

Rj  -  R,  =  r. 


R„_,  -  R„  =  )-„_, 
R,.  -  R, 


and,  in  general,     R, 


R,  = 


(5) 


Consider  now  the  instant  when  R,,_i  is  in  circuit 
and  the  current  has  fallen  to  the  lower  limit  I,  ;  the 
induced  E.M.F.  will  then  be  [cf.  Eqns.  (i)  and  (V)] 

E'=  V  -  R^_,  I,  =  i^  0^'k 

At   this  instant,    the  resistance  step  >-^_j   will   be   cut 


out  ;    the  current  will  immediately  rise  to  the  upper 
limit  Ii,  thereby  increasing  the  induced  E.M.F.  to 

E"=  V  -  R^I,  =  N  (P,k 

the  speed  N  not  having  changed  during  this  transition. 


Therefore 


whence 


E"_    V-R..I1    _^_o 

E'    V  -  R.,_,  i;    0^    P 


R,  =  a  R, 


V 


,(^-i) 


(6) 


(7) 


Tliis,  then,  is  the  general  expression  for  the  total 
resistances  in  the  starter  for  a  series  motor.  The 
corresponding  expression  for  the  resistances  in  the 
starter  for  a  shunt  motor  (where  0i  =  02,  ie-  jS  =  i) 
is  Rj^  =  aRi-i  ;  in  other  words,  the  total  resistances 
for  a  shunt  motor  form  a  geometric  series.  With  the 
series  motor,  however,  the  constant  term  (|3  —  i)  V/Ij 
has  to  be  deducted  from  a  T^x-t  in  each  case. 

Coming  to  the  resistance  steps,  however,  a  geomet- 
rical progression  is  met  with  in  the  starter  for  the 
series  motor  as  well  as  for  the  shunt  motor.  This  is 
seen  from  Eqns.   (5)  and  (7), 


for 

Hence 
That  is. 


r.  =  Rz 


R. 


=  a{R.-x 
=  a  r^-i 

=  a 

^X-l 


Rx) 


(8) 


r,  =ar. 


r„  =  a  r„_. 


In  order  to   find  any  given  step  r^,   we  have  from 
Eqn.   (7) 

r,  =  R,  (I  -a)  +^(^-i)    .     . 


(9) 


For  the  first  step  r^  this  becomes 

V 


»-i  =  R„  (1 


I) 


«)  +  -f  (^ 

Now  the  sum  of  the  n  steps  [cf.  Eqn.  (8)]  is 
2;'  r  =  r,  +  r,  +   .  .  .   +  r„ 
I  —  a" 


(10) 


Further, 
Therefore    V"  >■ 


'   I  — a 

r; »-  =  Ra  -  R„ 


Ra 


R„,  =  ; 


I  —  a" 
I  —  a 


(II) 


Combining  this  with  Eqn.  (10)  in  order  to  introduce 
the  condition  contained  in  Eqn.  (7),  developed  for 
the  current  changes,  we  have 


Ra 
or,     / 


Rm  = 
V 


|H.(.-a)+j_(/J-„|L-A 


..'^ 


+  R„ 


R„  a"  =  o 


(12) 
(13) 
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This,  then,  is  the  general  expression  which  must  be 
satisfied  in  order  that  tlie  n  steps  give  the  correct 
current  changes  when  the  switc"hing-in  current  is  Ij. 
It  is  seen  that  a  knowledge  of  the  magnetization  curve 
is  necessary  in  order  to  find  the  relation  between  j8 
and  a.  ^^^len  this  curve  is  given,  together  with  the 
number  of  steps,  «,  and  the  motor  resistance,  R,„,  as 
is  usual,  Eqn.  (13)  can  be  solved  by  fixing  either  I, 
or  I2,  but  not  both.     (This  latter  condition  also  applies 


Applj'ing  Eqn.  (1.4),  we  get 

I  -  a5 


f={p-a) 


0-83  =  o 


To  solve  tliis  expression,  we  must  find  a  value  for  I^ 
such  that  /  =  o.  This  is  quickly  done  by  solving  for 
I2  =  18,  20  and  22  amperes  with  the  values  of  p  found 
from  Fig.  2  and  drawing  a  graph,  as  shown  in  the 
inset  in  Fig.   2.     The  following  table  shows  a  simple 


I,  (given) 

I2  (assumed) 

\=I,h 

<t>,  from  Fig.  2 

4>2  from  Fig.  2    ' 

,3=*,/*2 

a=A\ 

/from  Eqn.  {14) 

Per  cent 

Per  cent 

25 

18 

1-39 

lOI  ■  1 

90 'O 

I  -123 

o-8o8 

+  0-246 

25 

20 

1-25 

lOI  ■  I 

93-5 

i-o8i 

0-865 

—  0-005 

25 

22 

I  "137 

lOI  •  I 

97-0 

1-042 

0-916 

—  0-298 

to  the  calculation  of  a  starter  for  a  shunt  motor  when 
n-  and  R^  are  given.) 

Eqn.  (13)  will  now  be  apphed  to  the  calculation  of 
a  starter  for  a  series  motor,  and  then  modified  for  the 
case  when  the  starting  current  is  less  than  I,,  and  for 
the  series-parallel  connection  of  two  series-motors. 


3.  Calculation  of  Resistance  Steps  for  a 
Series  Motor. 

In  this  section,  the  case  will  be  considered  when 
the  motor  starts  from  rest  and  the  current  rises  to 
the  upper  limit  I,  on  switching  in.  Under  these  con- 
ditions, Ra  =  V/Ij  so  that  the  general  expression  in 
Eqn.   (12)  becomes 


T    n"        I 

/  =  (^  -  a)  — ^—  +  ^.  R,„  -1  =  0 


V 


(14) 


while  Eqn.   (10)  for  the  first  step  becomes 

r,  =  R„  (/3  -  a) (15) 

We  shall  now  work  out  an  example,  one  in  which 
the  upper  current  limit  is  given  ;  but  the  same  method 
apphes  when  the  lower  limit  is  given. 

In  case  the  speed  curve  (and  not  the  magnetization 
curve)  is  given,  we  have  simply  to  deduce  the  ideal 
speed  curve,  i.e.  the  speed  curve  for  which  R  ^  o,  bj' 
adding  R„  I  to  the  ordinates  of  the  actual  speed 
curve ;  then  since  E  ^  V  =  constant  for  the  ideal  speed 
curve,  it  follows  from  Eqn.  (i)  that  the  flux  is  inversely 
proportional  to  the  speed,  whence  (Pj/^a  =  N^/Nj. 

Example  i. — Calculate  the  resistance  steps  for  a 
5-h.p.  series  crane  motor  from  the  following  informa- 
tion : — 

AppUed  pressure,  V  =  200  volts. 
Upper  current  hmit,  Ij  ^  25  amperes. 
Number  of  steps,  m  =  5, 
Resistance  of  motor,  R„  =  136  ohms. 
Magnetization  curve  of  motor — see  Fig.  2. 


way  of  arranging  the  different  quantities  in  the  above 
formula  by  aid  of  Fig.  2.  In  this  way  we  find  that 
/=  o  very  nearly  when  I,  =  20  amperes.     Further, 

V       200 

Rij  =  ^-  = =  8'o  ohms 

Ii        25 

Applying  now  Eqns.  (15)  and  (8),  the  steps,  calculated 
to  slide-rule  accuracy,  are  : 

>  =  I  ■  73  ohms 
=  1-50 
=  1-30 

^1-12 

=  0-97 
=   1-36 

Therefore,  "Z^r  +  R,„  =  7-98  ohms 
which  is  nearly  equal  to  Ra  =  8  ■  00  ohms 


r^  =  Ra  (j8  - 

-  a)  =  8-00     X  0-2I 

'':  =  a  ^i 

=  0-865  X  I '73 

r,  =  ar^ 

=  0-865  X  i'50 

U=  ar^ 

=  0-865  X  1-30 

r,=  ar^ 

=  0-865  X  I -12 

R^    .      .      . 

IOC 

— 

— 

90 

1) 

^60 

^ 

■^ 

^ 

y 

/• 

/ 

/ 

H    50 

/ 

0-2 

ie  \^,2o     zz 

/ 

/ 

3  VI 

/ 

0-2 

0-4 

^\ir 

Pm 

/ 

/ 

/ 

24 


Z8 


0  4  8  12  16  20 

Current  in  amperes 

Fig.  2. — Magnetization    curve  of  5-h.p.  series,  crane  motor. 
(Used  in  Ex.  i.) 

The  slight  difference  between  (S" »"  +  Rm)  and  R^ 
is  to  be  found  partly  in  the  solution  of  the  equation 
for/=  o  and  partly  in  the  working.  It  is  of  no  practical 
importance. 
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The  total  resistances  are  then  : 

Ra     .      .      .      =7-98  ohms 

R6    =   Ra  —  >-,   =  6-25  ,, 

R<r   =  Rf.  -  »'2  =  4'75  .. 

Ri  =  Re  -  »'3  =  3   45  .. 

R.'  =  Rrf  -  '-4=  2-33  ,, 

R„=  R^  -  >-5  =  136  ,, 

For  the  sake  of  ilhistration,  the  speed  curves  lor 
these  resistances  are  plotted  in  Fig.  3.  These  curves 
are  obtained  as  follows  :  To  the  ordinates  of  the  actual 
speed  curve  R,„  of  the  motor  are  added  the  values 
Rm  I,  whence  the  ideal  speed  curve  is  obtained,  i.e.  the 
speed  curve  for  zero  resistance.  The  speed  curve  for 
any  resistance  R  in  circuit  is  then  obtained  by  deducting 
the  values  R  I  from  the  ordinates  of  the  ideal  speed 
curve. 
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Fig.   3. — Speed  curves   for   5-step   starter   for   5-h.p.  series, 
crane  motor. 


Also  from  Eqn.   (9),  we  have 


V 


r,  =  R„(i  -a)  +   -  (j8 


Hence    the    general    expression    in    Eqn.     (12)    now 
takes  the  form 


R„ 


R. 


I        ,  V  I   I  a""' 

=  I  R,(i-a)  +-(^-1)  f  -^^^     (16) 


We  must  now  express  R^  in  terms  of  R^.  Just 
before  ;-,  is  cut  out  E'  =  V  — Ral^,  and  just  after  r^ 
is  cut  out  E"=V  — R^Ij  ;  whence,  as  in  Eqn.   (7) 


R;,=aR.^       (j8-i) 


(17) 


Substituting  for  R^  in  Eqn.  (16),  the  general  expres- 
sion that  must  be  satisfied  when  the  current  on  switcliing 
in  is  I3  is  obtained,  namely 


V     „  I  —  a 


R„a»  +  Rm  =  o  .     (18) 
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Fig.   4. — Magnetization  curve  of  250-h.p.  traction  motor. 
(Used  in  Exs.  2  and  3.) 


In  a  similar  way,  Eqn.  (i.^)  can  be  solved  when 
I3  is  given. 

4.  Calculation  of  Resistance  Steps  for  a  Series 
Motor  when  the  Current  on  Switching  in 
IS  TO  BE  Less  than  the  Upper  Limit. 

It  is  sometimes  stipulated  that  the  current  on  switching 
in  shall  not  rise  to  the  upper  limit  I,,  but  to  some 
value  I3  intermediate  between  I,  and  I,. 

The  total  resistance  on  switching  in  is  then  R„  ^  V/Ij, 
and  the  first  step  r,  is  cut  out,  either  automatically 
or  by  hand,  when  the  current  has  fallen  to  I,.  Let 
R'  denote  the  total  resistance  when  the  first  step  r^ 
is  cut  out,  that  is 

»•,  =  R„  -  r; 

Further,     \<a  —  R,„  =  r,  +  r^  H-   ■   •   ■    +  »-«  =  S"  '' 
and  Rl  -  R»  =  y^  + ^-r^  =  Yr,r 


Example    2. — Calculate    the    resistance    steps    for    a 
250-h.p.  traction  motor,  given  that 

Applied  pressure,  V  =  275  volts, 
Upper  current  limit,  Ij  =  400  amperes, 
Switching-in  current,  I3  =  340  amperes, 
Number  of  steps,  n  ^  4, 
Resistance  of  motor,  R„,  ^01  ohm. 
Magnetization  curve  of  motor — see  Fig.  4. 

We  have  then 

V       275 
Ra  =  r  =  —  =  0808  ohm 
^3      340 

V       275 

and  -  = =  0-687  ohm 

Ij       400 


Hence  for  Eqn.   (18)  we  can  write 


/=  0-687(^-1) 


o-8o8a''  -f-  o-i  =0 


To  solve  this  equation,  we  assume  I,  =  280,  290  and 
300   amperes   respectively   and   find   the   corresponding 
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values  of  j3  and  a  from  Fig.  4.    By  plotting  a  graph,  not 
shown,  it  is  found  that/^  o  wheji  I,  =  2S6  amperes. 

For  I,  =  400  and  I,  =  286,  we  get  A=  i'397.  ^  =  11  n 
and  a  =  o  794.     Hence  from  Eqn.  (17) 

Rfl  =  °'565  ohm  , 

and  y,  ^  Ra  —  R^  =  0808  —  0-565  =  0243  ohm. 
The  step  r,  can  now  be  obtained  thus, 


I) 


'■2  = 

=  Ra(l    -«) 

-r. 

,0 

= 

=  0-192  ohm 

The 

steps 

in 

the 

starter  are 
R,»      .     = 

then 

0-243 
0-192 
0-152 
0-121 
0  100 

ohm 

Hence  2J  J"  +  Rm  =  o-8o8  ohm 

This  agrees  with  R3  =  0-808  ohm. 
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Fig.  5. — Speed  curves  for  series-parallel  connection  of   two 
250-h.p.  traction  motors. 

Series  steps  derived  in  Fx.  2. 

Parallel  steps  derived  in  Ex.  3,  part  (6). 

The  total  resistances  are  therefore 

Ra    .     .     .     .  ^  o  808  ohm 
R„  =  Ra  -  »-,  =  o  565    „ 
Ri,  =  R^  -  »-,  =  o  373    ,, 
Re  ^  Rj  —  rj  ^  0-22I     ,, 
R»i  =  Re  — ''4  =  o  100    ,, 

This  example,  together  with  the  parallel  steps  in 
part  [b]  of  Ex.  3  for  this  motor,  has  been  chosen  for 
illustration  in  Fig.  5.  It  will  be  seen  that  the  case 
dealt  with  in  Ex.  2  corresponds  with  the  series  position 
in  series-parallel  control. 

Note — The  values  of  R  in  the  diagram  are  for  each 
motor. 


5.  Calculation     of    Resistance    Steps    for    Two 
Series  Motors  with  Series-parallel  Control. 

This  is  the  case  commonly  met  with  in  direct-current 
traction. 

For  the  steps  with  the  series  connection,  we  proceed 
as  in  Exs.   i  and  2. 

For  the  parallel  positions,  the  conditions  before  and 
after  changing-over  must  be  taken  into  account  (cf. 
Fig.  6). 

Let  Ii  and  I2  again  denote  the  current  Umits  in  the 
parallel  positions.  //  must  be  clearly  tmderstood  that 
these  limits  are  not  the  same  as  in  the  series  positions. 
It  is  possible  to  have  either  I,  or  I,  the  same  in  both 
positions,  but  it  will  be  quite  accidental  if  the  two 
hmits  are  the  same  in  the  parallel  as  in  the  series 
positions. 

Before  paralleling,  let  the  current  fall  to  the  value 
corresponding  to  I,  in  the  parallel  positions,  then 
from  Fig.  6  it  is  seen  that 

V  -  2  E'  -  2  R„  I,  =  o 

After  paralleling,  let  current  rise  to  upper  limit  I,, 
then 

V  -  E'  -  R„  I,  =  o 

Since  the  speed  has  not  altered  during  the  transition, 
we  have  [cf.  Eqn.   (7)] 


Ra 


(■-0 


+  aR„ 


(19) 


00 


le 


-LTLrLrLrLTLrLn— r- 

(R„-RJ  ^' 


— ufTJirLrLrLnr^ 

(RjR^J 

Fig.  6. 

A.  Connection  before  parUleling. 

B.  Connection  a^ter  parallelins. 

Thus  in  addition  to  Eqn.  (12),  Eqn.  (19)  must  be 
satisfied  in  the  parallel  position.  Equating  then  (12) 
and  (19),  we  get 


/  = 


I  —  a" 


Ix    ■' 


n  -> 


+  R„h^„ 


We  shall  now  work  out  an  example  of  series- 
parallel  control,  in  which  the  upper  current  limit  Ii 
is  chosen  the  same  for  both  conditions.  In  the  case 
when  the  lower  limit  I,  is  to  be  the  same  for  both  con- 
ditions (automatic  control  with  minimum  current  relay), 
the  problem  is  solved  in  a  similar  way. 
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Example  3. — Calculate  the  resistance  steps  for  the 
series-parallel  control  of  two  250-h.p.  traction  motors, 
the  particulars  of  which  are  set  forth  in  Ex.  2.  Given 
that 

Line  voltage,  V  =  550  volts, 

Maximum  current  for  both  series  and  parallel  positions, 

Ii  =  400  amperes. 
Number  of  steps  in  series  connection,  w  =  4, 
Number  of  steps  in  parallel  connection,  «  ^  3. 

(a)  Series  positions. — The  four  steps  in  tliis  connec- 
tion are  found  in  precisely  the  same  way  as  the  steps 
in  Ex.  I  ;  except  that  Eqn.  (14)  is  solved  for  V^  350 
and  motor  resistance  =  2  R„,.  i.e.  for  2  motors  in  series. 

The  results  only  need  be  given  here.     Thus 

I,  =  400  amperes, 
la  =  297 

>-i  =  0-389  ohm 
^2  =  0-317    ,, 
ri  =  0-258    ,, 
r^  =  o"2io    ,, 

2  R,„  =  0'200      ,, 

Whence  St  >"  +  2  R,„  =  i  •  374  ohm 

whilst  Ra  =  I '375    ,, 

(b)  Parallel  positions. — For  the  parallel  steps,  we 
have  by  substituting  Ij  =  400,  V  =  550,  R„,  ^01  and 
M  =  3  in  Eqn.   (20) 


/  =  i'375 


^ 


a3  2 


I 


°-(i--)  =  ° 


To  iind  the  value  of  I,  for  which  /  =  o,  we  assume 
I2  =  290,  300  and  310  amperes,  and  find  the  correspond- 
ing values  of  A,  j8  and  a  by  aid  of  the  magnetization 
curve  in  Fig.  4.  These  are  set  forth  in  the  following 
table.  From  the  graph  in  the  inset  in  Fig.  4  we  then 
find  that  /  =  o  when  I^  =  304  amperes. 


From  Eqn.   (19)  we  then  get 

Ra  =  o  •  709  ohm 
and,  from  Eqn.   (10)  or  (11), 

y,  =  0243  ohm 
The  steps  in  the  parallel  positions  are  then 


Ci  =  0-243  ohm 
>-,  =  0'20I     ,, 


^3  ^  o  ■  1 66  ohm 
R,„  =  o- 100    ,, 


Thus  Si  >"  +  Rm  =  0-710  ohm, 

which  is  nearly  equal  to  R,,  =  0-709  ohm. 

The  total  resistances  for  each  motor  are  then 


Ra      .     .     =0-710  ohm 

Re  =Ri,  — »'2=o-266  ohm 

R6=R<i->'i=o-467    ,, 

R,„=Rc  — >'3=o-ioo    ,, 

The  speed  curves  for  these  three  steps  in  the  parallel 
positions  are  shown  in  Fig.  5. 

It  is  thus  seen  that  with  a  maximum  current  of  400 
amperes  the  limits  are 

Parallel  positions  :  400  and  304  amperes. 
Series  positions  :      400  and  297  amperes. 

If,  however,  the  current  on  switching  in  is  to  be 
less  than  Ij,  for  example  340  amperes,  then,  as  shown 
in  Ex.  2,  the  Umits  in  the  series  positions  are  400  and 
286  amperes.  Obviously  such  a  restriction  of  the 
current  on  switching  in  has  no  influence  whatever  on 
the  limits  in  the  parallel  positions.  It  must  be  borne 
in  mind  that  in  the  series  positions  there  are  two  motors 
in  series,  and  the  resistances  have  been  calculated 
accordingly  in  Ex.  3.  If  each  motor  is  to  have  a 
separate  resistance,  the  calculated  values  must  be 
halved.  In  the  case  of  the  parallel  connection  the  cal- 
culated values  are  for  each  motor  ;  hence,  if  a  common 
resistance  be  used,  the  values  of  the  resistances  must 
be  halved  in  order  to  produce  the  same  pressure  drop. 
In  each  case,  the  capacity  of  the  resistance  must  be 
adjusted  accordingly. 


Ii  (given) 

I3  (assumed) 

\  =  l,h 

$,  from  Fig.  + 

«ta  from  Fig.  4 

/9  =  *.'*:, 

a=/3IK 

/from  Eqn.  (20) 

400 

290 

1-379 

8-76 

7-92 

I  -106 

0-802 

+  0-189 

400 

300 

1-333 

8-76 

8- 00 

I  -095 

0-821 

-f  0-066 

400 

310 

I  -  291 

8-76 

8-o8 

1 

1-084 

0-839 
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SOME    RECENT    DEVELOPMENTS    OF    HIGH-CURRENT    ARCS,    WITH 
SPECIAL    REFERENCE    TO    SEARCHLIGHTS.* 

By  J.  P.\LEY  YoRKE,  Associate  Member. 

(Paper  first  received  6  January,  and  in  final  form    ii   May,    1920.) 


Preface. — ^The  paper  deals  principally  with  the  develop- 
ments which  have  been  made  in  high-current  arcs 
between  plain  carbons  during  the  war  period,  and  with 
a  method  of  comparing  the  relative  intensities  of  search- 
light beams  at  working  ranges. 

The  main  development  of  the  high-current  arc  has 
been  in  the  direction  of  increasing  the  cirrcnt  density 
through  the  carbons  and  across  the  arc  gap.  It  has 
already  been  shown  in  a  paper  read  recenth'  before 
the  Institution  f  that  an  increase  in  the  current  density 
produces  an  increase  in  the  total  candle-power  for  a 
given  current,  and  this  was  a  verification  of  the  author's 
work  in  the  development  of  army  searchlights.  It  is 
here  shown  how  it  is  possible  to  run  plain  carbons  at  a 
current  density  up  to  0-31  ampere  per  square  milli- 
metre of  the  area  of  cross-section  of  the  positive  carbons 
smoothly  and  silently  by  acting  upon  the  arc  stream 
with  an  electromagnetic  "  control." 

The  effects  of  impregnating  carbons  in  so  far  as  they 
apply  to  searchlights  are  also  described,  and  the  char- 
acteristics of  the  high-current  arc  are  briefly  touched 
upon. 

The  author  regrets  that  he  is  unable  to  publish  actual 
results  of  beam  intensities  and  total  fluxes  of  light 
received  over  the  working  ranges,  and  that  he  can  only 
make  comparisons,  but  the  National  Physical  Labora- 
tory tests  should  suffice  to  give  confirmation  of  the  basic 
points  that  an  increased  current  density  in  the  arc 
yields  an  increased  fiu.x  of  light  per  watt,  and  that  it  is 
possible  to  run  plain  carbons  at  a  much  higher  current 
density  by  acting  upon  the  arc  stream  with  the  electro- 
magnetic control  here  described  than  without  it.| 

1.  Prior  to  191  j,  searchlights  were  only  used  for 
working  in  an  appro.ximately  horizontal  direction 
either  for  work  in  the  field  or  for  naval  operations. 
When  plain  electric  arcs  were  used  the  carbons  were 
arranged  horizontally,  with  a  common  axis  which  coin- 
cided with,  the  optical  axis  of  the  mirror  or  lens. 

An  arc  formed  between  two  horizontal  electrodes 
naturally  arches  due  to  the  convection  effects  of  the 
heated  air  about  it,  and  produces  three  evil  tendencies  : 
the  actual  path  of  the  arc  stream  is  gi^eater  than  the 
distance  between  the  electrodes  ;  the  arc  tends  to  be 
blown  out ;  and  the  crater  tends  to  form  on  the  upper 
portion  of  the  face  of  the  jjositive  carbon  with  a  lip  on 
the  lower  portion. 

•  The  Papers  Committee  invite  written  communications  (with  a  view  to 
publication  in  the  Journal  it  approved  by  the  Committee)  on  papers  published 
in  the  Journal  without  being  read  at  a  meeting.  Communications  should 
reach  the  Secretar>'  of  the  Institution  not  later  than  one  month  after  publi- 
cation of  the  paper  to  which  they  relate. 

t  C.  C.  Paterson,  J.  W.  T.  Walsh,  A.  K.  Taylor,  and  W.  Barnett: 
"Carbon  Arcs  for  Searchlights,"  Journal  I.E.E.,  1920,  vol.  58,  p.  83. 

t  Ibid.f  p.  lOO. 


The  introduction  of  a  soft  core  through  the  centre 
of  the  positive  electrode  had  the  effect  of  minimizing 
this  latter  tendency,  inasmuch  as  the  core  became 
the  centre  of  the  crater,  but  there  was  still  a  tendency 
for  it  to  be  cupped  in  an  upward  direction.  The  core 
had  the  further  advantage  of  steadying  the  arc  stream 
and  preventing  it  from  wandering  around  the  face  of 
the  po'iitive  electrode. 

The  next  stage  in  improvement  was  the  introduction 
of  a  magnetic  deflector  the  magnetic  field  of  which 
would  act  upon  that  of  the  arc  stream,  tending  to  coun- 
teract the  upward  effect  of  the  convection  cuiTents  and 
so  straighten  the  arch.  This  deflector  consisted  of  a 
portion  of  an  iron  ring  surrounding  the  arc.  The  mag- 
netic field  of  the  arc  current  magnetized  the  ring  in 
such  a  direction  that  the  flux  between  its  poles  exerted 
a  downward  force  on  the  arc  stream. 
•  Fig.  I  (a)  is  a  diagrammatic  illustration  of  the  resultant 
flux  about  the  arc,  and  represents  a  cross-section  looking 
towards  the  negative  carbon  ;  (6)  represents  a  side  view 
to   illustrate  the  relative  positions   used  in  practice. 

Whilst  this  deflector  did  produce  improved  operation, 
one  fears  that  little  attention  was  paid  to  its  design, 
and  the  variation  of  its  magnetic  properties  due  to 
temperature  variation — especially  at  its  polar  regions — 
sometimes  made  the  debit  side  greater  than  the  credit. 
2.  When  the  searchlight  came  to  be  used  for  anti- 
aircraft work  the  projector  had  to  be  elevated  and  the 
arc  inclined  at  various  angles  from  30°  to  150°  with 
the  horizontal.  At  each  angle  of  elevation  the  convec- 
tion effects  of  the  hot  air  were  vertically  upwards, 
whilst  the  magnetic  effect  of  the  deflector  was  always 
at  right  angles  to  the  axis  of  the  carbons.  Thus  there 
could  be  no  balance  of  effects  at  any  angle  of  elevation, 
and  the  difficulty  of  maintaining  a  steady  arc  and  a 
central  square  crater  was  tremendously  increased. 

It  was  usually  possible  to  move  the  positive  carbon 
out  of  the  normal  axis  by  tilting  the  positive  carbon 
holder  which  could  be  swung  in  two  planes.  In  this 
way  one  could  burn  off  any  lip  which  had  formed.  The 
great  disadvantage  of  this  was  that  the  crater  was 
thrown  out  of  the  axis  of  the  mirror  and  the  beam 
was  consequently  distorted. 

A  further  proposition  was  that  the  carbon  should  be 
capable  of  rotation  axially  so  that  malformations  could 
be  corrected  without  turning  the  crater  off  the  axis 
of  the  mirror.  Though  more  complicated  mechanically 
and  electrically  this  is  undoubtedly  better,  but  its  ad- 
vantages are  somewhat  obscured  when  we  get  carbons 
which  are  not  straight.  There  is  also  the  fact  that  the 
arc  stream  tends  to  hang  on  to  its  crater,  and  should 
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a  crater  be  formed  towards  the  upper  face  of  the  carbon, 
and  a  protruding  lip  on  the  lower,  the  action  of  turning 
the  carbon  axially  through  iSo"  will  move  the  arc  stream 
with  it  so  that  we  now  have  the  crater  below  and  the 
lip  above,  and  the  correction  time  will  be  fairly  great. 

3.  The  relationship  between  the  diameter  of  the 
carbons  and  the  strength  of  the  current  in  the  arc  had, 
up  to  this  stage,  been  almost  entirely  determined  by 
considerations  of  reasonably  steady  and  quiet  burning. 

It  had  been  found  through  experience  that  a  current 
density  of  about  0-15  ampere  per  sq.  mm.  of  the  area 
of  the  cross-section  of  the  positive  carbon  represented 
a  relationship  between  area  of  carbon  and  strength  of 
current  which  gave  reasonable  smoothness,  and  that 
any  attempt  to  increase  this,  either  by  increasing  the 
current  in  a  given  carbon  or  decreasing  the  diameter 
of  the  carbon  for  a  given  current,  produced  impracticable 
arcs.  Thus  it  was  the  practice  to  use  large  diameter 
carbons — for  e.xample,  a  38  mm.  diameter  positive 
carbon    for    120    amperes.     (Incidentally    it    may    be 


depth  of  the  carbon.  Whilst  such  heating  would  add 
to  the  total  flu.x  of  light  emitted  from  the  positive  carbon 
(from  its  side),  it  would  not  add  much  to  the  flux  which 
could  be  reflected  from  a  searchlight  mirror  within 
a  given  angle  of  beam  dispersion.  Moreover,  such 
excessive  heating  along  the  carbon  would  cause  rapid 
spindling. 

However,  under  the  conditions  of  running  already 
stated  it  was  not  possible  to  work  at  higher  current 
densities  than  o-  1^  ampere  per  sq.  mm. 

MM.  Blondel  and  Jean  Rey  have  pointed  out  that 
the  intrinsic  brilliancy  decreases  with  the  increase  of 
the  current  and  diameter  of  carbons,  i.e.  for  a  given 
current  density  the  intrinsic  brilliance  decreases  as  the 
current  and  therefore  the  diameter  of  the  carbon  in- 
creases, and  they  ascribe  the  difference  as  being  due  to 
defects  in  th?  manufacture  of  carbons  of  large  diameter. 

M.  Rey  said  *  :  "If  it  were  possible  to  give  a  greater 
stability  to  large  arcs  and  to  obtain  more  shallow  and 
less  irregular  craters  either  by  modifying  the  composition 


^■<EH^ 


/2ux  aJbout  dxc 

due    to  iron  arc 

deflector 


Position  of  iron 

deflector  with  respect 

to  the  arc 


Fig.   I. 


stated  that  this  carbon  could  carry  considerably  greater 
current  than  this  without  becoming  red  hot.) 

The  formation  of  the  crater  under  these  conditions 
was  of  the  generally  accepted  type,  the  end  of  the  positive 
carbon  tapering  so  that  the  diameter  of  the  crater  cup 
proper  was  considerably  less  than  that  of  the  carbon. 
An  end  view  of  such  a  carbon  showed  that  the  brightness 
per   sq.   mm.   of  the   whole   surface   was   not   uniform. 

It  would  seem  to  follow  from  this  that  if  the 
total  heat  energy  could  be  concentrated  on  to  a  smaller 
diameter  carbon  there  would  be  an  increase  in  the 
average  temperature  per  square  millimetre  of  carbon 
face  exposed,  and  a  consequent  increase  in  the  per- 
centage of  light  emitted  per  watt  of  energy  expended. 

On  the  other  hand,  if  an  increase  in  current  does  not 
increase  the  temperature  at  the  centre  of  the  crater 
but  simply  extends  the  area  of  maximum  temperature, 
there  will  be  a  limit  of  improved  efficiency  when  that 
current  has  been  reached  which  is  just  capable  of  heat- 
ing the  whole  of  the  carbon  face  to  the  maximum  tem- 
perature, and  any  further  increase  of  current  beyond 
this  point  would  merely  tend  to  heat  a  greater  length  or 


of  the  core  or  of  the  carbon  or  by  some  outside  physical 
action,  it  is  certain  that,  instead  of  diminishing  with 
the  increase  in  the  current  density,  the  intrinsic  brilliancy 
would  remain  unchanged  or  would  even  increase.  From 
this  it  is  apparent  that  there  is  opportunity  for  consider- 
able improvement  in  the  burning  of  large  arcs,  which 
would  lead  to  the  more  frequent  use  of  large  searchlights. ' ' 

Again,  Mrs.  Ayrton  said  f  :  "In  every  way  possible, 
therefore,  the  arc  burns  most  economically  when  the 
carbons  are  the  very  smallest  that  can  carry  the  current, 
without  danger  of  hissing,  in  the  case  of  the  positive,  and 
without  burning  too  fast,  in  the  case  of  the  negative." 

4.  In  order  to  be  able  to  maintain  a  perfectly  uniform 
crater  at  all  elevations  without  moving  the  carbons  at 
all,  except  to  feed  them,  the  author  -devised  a  scheme 
whereby  the  arc  stream  could  be  acted  upon  in  all 
directions  perpendicular  to  the  axis  of  the  carbons  by 
magnetic  forces.  The  disposition  of  the  forces  was  such 
that  the  arc  stream  was  always  being  urged  towards 
the  centre  of   the    positive  carbon    in    a   straight    line 

*  "The  Range  of  Electric  Searchlight  Projectors,"  p.  22. 
t  "The  Electric  .^rc,"  p.  380. 
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from  negative  to  positive  electrodes.  Furthermore, 
the  system  of  forces  was  adjustable  in  space  so  that  any 
inequality  of  burning  of  the  positive  carbon  could  be 
corrected.  Inequality  of  burning  seems  to  be  inevitable 
at  the  present  time  owing  to  the  lack  of  homogeneity 
in  the  carbons. 

The  scheme  consisted  in  an  arrangement  of  four  bare 
copper  conductors  placed  parallel  to  the  axis  of  the 
carbons.  One  of  these  was  vertically  above  the  axis 
(assuming  a  horizontal  arc  for  the  purpose  of  description), 
another  vertically  below,  and  the  other  two  were  placed 


cross-connection  at  the  far  end  and  towards  the  insulated 
boss  M^,  from  whence  it  is  led  by  means  of  a  second 
asbestos-covered   flexible   conductor. 

The  framework  and  conductors  are  mounted  on  a 
platform  K  which  can  be  raised  or  lowered  or  moved 
horizontally  to  and  fro  as  shown.  The  operating  rods 
and  wheels  are  shown  in  Fig.  3,  Ej  and  Dj  being  universal 
couplings  between  the  control  rods  and  the  mechanism, 
and  E,  and  D,  being  the  operating  wheels  outside  the 
projector.  As  a  matter  of  fact  there  have  been  many 
improvements  in  mechanical  details  since  these  figures 


Fig.  2. 


one  on  each  side  of  the  axis  in  the  same  horizontal 
plane.  They  were  connected  in  series  with  one  another 
and  with  the  arc. 

The  general  arrangement  is  shown  in  Fig.  2,  and 
Fig  3  represents  the  general  assembly  in  a  projector 
the  mirror  of  which  has  been  removed.  The  conductors 
are  supported  from  the  four  bosses  M,,  M,,  M3,  M^, 
of  the  metal  frame  M.  Two  of  these  are  insulated 
from  the  frame,  namely  at  M,  and  JNI^.  The  current 
is  led  into  the  conductors  by  means  of  an  asbestos- 
covered  flexible  coupling  at  M, ;  it  passes  along  the 
conductor  thence  up  to  the  top  conductor,  by  the  cross- 
connection  at  the  far  end,  and  so  towards  M,,  from  where 
it  passes  along  the  frame  to  M3,  then  along  its  conductor 
and  then  down  to  the  bottom  conductor  bv  the  other 


were  drawn  two  years  ago,  so  that  they  should  only  be 
regarded  as  illustrating  the  principle. 

Fig.  4  is  a  diagrammatic  representation  of  the  resul- 
tant magnetic  field  about  the  arc  stream.  It  represents 
a  section  across  the  arc  stream  looking  towards  the 
negative  electrode.  T  and  B  represent  sections  through 
the  top  and  bottom  conductors,  whilst  R  and  L  represent 
those  through  the  side  conductors.  The  directions  of 
the  currents  are  indicafed  conventionally,  and  directions 
of  the  magnetic  forces  are  shown  by  arrows. 

It  is  seen  that  about  the  arc  stream  we  have  a  magnetic 
field  parallel  to  and  in  the  same  direction  as  the  field 
produced  by  the  current  in  the  arc,  and  as  there  is 
pressure  across  a  magnetic  field  it  follows  that  the  arc 
stream  is  being  urged  towards  the  centre  of  the  system. 
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If  the  framework  carrying  the  four  conductors  be 
moved  up  or  down  it  will  be  seen  that  the  upward  or 
downward  force  upon  the  arc  will  be  changed.  If  the 
system  be  moved  to  the  left  then  the  pressure  will  be 
increased  towards  the  right,  and  vice  versa.  In  this 
way  any  tendency  for  the  crater  to  burn  irregularly 
can  be  counteracted. 

There  is  a  reason  for  placing  R  and  L  further  than  T 
and  B  from  the  centre  of  the  arc,  for  if  they  be  uniformly 
spaced  the  system  will  be  found  to  be  unstable.  It 
might  also  appear  that  the  same  or  a  better  effect 
might  have  been  obtained  by  spacing  the  conductors 
uniformly  and  passing  the  currents  through  all  against 
the  direction  of  the  arc  current — that  is  to  sa}',  having 
all  the  conductors  exerting  repulsive  forces  upon  the 
arc      The  resultant  Hux  about  such  a  system  of  conduc- 


tors would,  however,  tend  to  encircle  them  completely, 
leaving  little  or  no  iiux  inside. 

5.  The  effect  of  the  magnetic  control  upon  the  crater 
depends,  for  a  given  current,  upon  the  distances  of  the 
conductors  of  the  system  from  the  arc  and  upon  the 
size  of  the  carbons.  If  the  distances  be  lessened,  i.e. 
if  the  magnetic  controlling  forces  be  increased,  the  arc 
stream  tends  to  bore  into  the  positive  carbon,  and  the 
author  has  known  of  craters  of  i  inch  to  ij  inches 
depth.  Such  craters  are  quite  useless  (except  as 
excellent  miniature  electric  furnaces),  and  one  may 
say  generally  that  any  kind  of  cupping  effect  is  sure 
to  bring  ultimate  trouble  owing  to  the  extreme  difficultj' 
— almost  impossibility — of  maintaining  that  cup  with 
uniformly  thick  walls.  Also,  when  one  edge  of  the  cup 
biu-ns  away  there  is  an  unsteady  arc  until  the  operator 
has  burnt  awav  the  remainder  and  restored  uniformity. 
It  is  obvious  that  the  deeper  the  crater  the  longer  wUl 
it   take  to  readjust  the  arc  once  the  crater  wall  has 


broken.  Therefore  the  distances  of  the  control  conduc- 
tors are  arranged  so  that  there  is  no  serious  boring  ten- 
dency. Different  frames  have  been  designed  for  different 
currents,  but  in  general  each  frame  has  a  fairly  wide 
range  of  current  in  which  it  will  operate  .satisfactorily. 
For  examj^Ie,  the  frame  designed  for  a  225-ampere  arc 
will  operate  arcs  at  currents  from  190  to  260  amperes. 

Most  of  those  who  saw  the  controlled  arc  working 
for  the  first  time  were  surprised  that  the  copper  con- 
ductors and  the  copper  frame  carrying  the  conductors 
did  not  melt,  especially  the  top  conductor  which  is 
generally  in  the  flame  and  nearer  to  the  arc  than  any 
of  the  others.  It  was  a  matter  of  wonder  and  even 
relief  to  the  author.  But  it  is  absolutely  essential 
that  the  conductors  be  connected  on  the  negative  side 
of  the  arc  so  that  they  are  at  a  lower  potential  than  any 
part  of  the  arc.  If  they  be  on  the  positive  side,  then 
whilst  all  may  run  smoothly  and  quietly  for  a  little 
time,  suddenly  a  conductor  or  the  frame  will  melt  through . 
That  is  to  say,  we  get  two  arcs  in  parallel  from  the 
common  negative,  one  to  the  normal  positive  and  the 
other  to  the  frame,  or  to  one  of  the  conductors,  accord- 
ing to  the  elevation  of  the  lamp  at  the  moment.  It  is 
this  arcing  and  not  the  normal  heat  of  the  flame  which 
causes  the  breakdown. 

This  has  never  happened,  to  the  author's  knowledge. 


~  B  ' 

Fig.  4. — Resultant  flux  about  arc  with  "  Yorke  "  control. 

with  the  frame  on  the  negative  side  of  the  arc,  and  it  is 
of  interest  to  know  that  the  section  of  copper  con- 
ductors used  has  always  been  less  than  would  satisfy 
the  "1,000  amperes  per  square  inch"  rule.  In  the 
author's  first  experiments  the  frame  was  connected 
on  the  negative  side  merely  because  it  was  more 
convenient.  Many  weeks  later  on  trying  out  improved 
designs  in  a  different  projector  the  frame  was  con- 
nected on  the  positive  side,  again  for  convenience. 
The  author's  dismay  may  perhaps  be  dimly  realized 
when  the  frame  melted  in  a  few  minutes.  Of  course 
the  occasion  was  a  demonstration  ! 

6.  It  was  now  considered  possible  to  maintain  a 
steady  arc  at  a  given  current  between  carbons  of  smaller 
diameter  than  had  hitherto  been  used  {§  3  above). 
It  was  also  seen  and  verified  that  the  soft  core  of  the 
positive  carbon  might  be  abolished  with  advantage. 
The  presence  of  the  core  assists  deep  crater  formation 
which  is   not   desirable,   and   furthermore  it   is  always 
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found  to  have  a  lower  intrinsic  brilliancy  than  the 
carbon  immediately  around  it ;  that  is  to  say,  the  core 
produces  what  is  relatively  a  dark  spot  at  the  centre 
of  the  crater.  When  the  arc  was  "  controlled  "  the 
core  burnt  away  more  rapidly  than  it  had  done 
previously,  leaving  a  deep  hole  which  of  course  was 
also  a  dark  spot. 

Investigations  were  then  carried  out  with  solid  posi- 
tive carbons  of  different  diameters  and  a  controlled  arc 
at  a  given  current.  The  points  to  be  investigated  were 
smoothness  of  burning  and  ease  of  manipulation,  together 
with  the  total  flux  of  light  produced  in  a  searchlight 
beam  and  the  intensity  of  the  beam  across  its  diameter. 

The  method  of  these  tests  is  described  below,  but 
here  it  may  be  stated  that  witliin  the  ranges  of  our  initial 
investigations,  viz.  80  amperes  to  250  amperes,  the 
best  results  were  obtained  when  the  relationship  between 
the  strength  of  the  current  and  the  area  of  cross-section 
of  the  positive  carbon  was  given  by  the  empuical  ex- 
pression \/  I  =  r,  where  r  is  the  radius  of  the  positive 
carbon  in  millimetres.  Thus  a  current  of  223  amperes 
will  }-ield  (according  to  our  investigations)  the  best 
result  in  terms  of  total  flux  in  a  beam  of  given  dis- 
persion, together  with  smoothness   of  running  and  ease 


The  authors  of  the  paper  on  "Carbon  .\rcs  for  Search- 
lights "  already  referred  to  give  in  par.  16  the  empirical 
expression  C  —  150  I  —  5  A  —  2,000  for  the  candle- 
power  C  of  an  arc  in  terms  of  the  current  I  and  the  cross- 
sectional  area  A  of  the  positive  carbon  in  sq.  mm.  If 
this  be  applied  to  the  example  tjuoted  above,  a  gain 
of  40  per  cent  in  the  total  candle-power  C  is  given 
by  the  use  of  the  22  mm.  carbon  instead  of  the  38  mm. 

The  gain  in  the  beam  is  higher  than  this,  presumably 
because  the  40  per  cent  gain  in  the  total  candle-power 
is  all  in  the  crater  flux,  so  that  there  is  a  greater  per- 
centage of  the  total  flux  falling  upon  the  mirror  in  such 
a  direction  that  it  is  reflected  back  within  the  useful 
angle  of  beam  dispersion. 

7.  When  these  "  best  results  "  were  obtained  it  was 
found  that  the  crater  almost  filled  up  the  entire  face 
of  the  positive  carbon  and  burnt  with  a  shallow  saucer- 
like formation  with  fairly  sharp  edge.  Fig.  5  illustrates 
a  fairly  typical  pair  of  formed  electrodes,  the  dotted 
line  indicating  the  crater  depth. 

It  was  found  that  carbons  of  greater  diameter  than 
20  mm.  when  run  at  this  density  became  hot  along  their 
entire  length  and  therefore  would  spindle  rapidly.  To 
overcome  this  the  positives  were  copper-plated.      The 


Cored  coppered 


^._ 


Solid  coppered 

Fig.  5. — Showing  relative  sizes  of  carbons  for  controll?d  arc  and  burning  length  and  carbon  formation  (dotted  line 

indicates  crater  depth). 


of  manipulation,  when  a  solid  carbon  of  15  mm.  radius 
is  used. 

This  is  equivalent  to  sa5dng  that  the  current  density 
is  i/tt  amperes  per  sq.  mm.  of  the  area  of  cross-section 
of  the  positive  carbon.  This  is  purely  empirical  and 
the  author  does  not  claim  to  have  discovered  anj'  new 
propert)'  of  77.  Perhaps  it  would  be  better  to  state  the 
current  density  as  0-31  ampere  per  sq.  mm.,  i.e.  twice 
as  great  as  the  maximum  current  density  which  could 
be  used  without  the  control  and  with  plain  carbons. 

It  should  be  understood  that  this  value  of  the  current 
density  represents  the  maximum  so  far  attained  which 
could  be  used  with  plain  carbons  whilst  still  maintaining 
ease  of  manipulation  and  smoothness  of  running,  and 
that  it  was  necessary',  in  order  to  secure  this  smoothness 
and  steadiness,  to  control  the  path  of  the  arc  stream. 

The  actual  results  of  beam  intensities  and  total 
fluxes  of  light  obtained  at  a  given  range  with  controlled 
and  uncontrolled  arcs  at  different  current  densities 
may  not  be  published,  but  it  may  be  stated  that  an  arc 
run  at  0'3i  ampere  per  sq.  mm.  will  yield  50  per  cent 
more  total  flux  in  a  searchlight  l)eam  than  one  with 
the  same  current  but  at  a  current  density  of  o-ii 
ampere  per  sq.  mm.  (for  example,  120  amperes  with  a 
22  mm.  positive  and  120  amperes  with  a  38  mm.  positive). 
Furthermore,  it  was  possible  to  obtain  a  smaller  angle 
of  beam  dispersion  for  the  same  current,  and  thus  a 
higher  intensity  at  the  centre  of  the  beam. 


problem  here  was  to  put  on  a  sufficient  thickness  of 
copper  to  overcome  the  heating  difficulty  but  not 
enough  to  cause  serious  drippings  of  molten  copper, 
such  drippings  being  very  undesirable  in  anti-aircraft 
work  owing  to  their  falling  upon  the  mirror  at  the  high 
elevations  of  the  projector. 

Thus,  so  far  as  the  plain  carbon  arc  was  concerned, 
the  author  had  concluded  that  the  best  results  were 
obtained  by  using  a  "  controlled  "  arc  between  a 
solid  copper-coated  positive  carbon,  of  such  diameter 
that  the  current  density  was  0-31  ampere  per  sq.  mm. 
of  its  cross-section,  and  a  cored  copper-coated  negative 
carbon  of  such  diameter  that  the  current  density  in 
it  was  about  i  ampere  per  sq.  mm.  of  its  cross-section. 
And  he  had  further  decided  that  the  initial  shape  of 
the  carbon  ends  should  be  flat  in  the  case  of  the  positive 
and  more  pointed  in  the  case  of  the  negative  than  had 
hitherto  been  the  rule. 

As  Mrs.  Ayrton  has  often  pointed  out,  the  negative 
electrode  is  of  tremendous  importance.  A  flat-nosed 
negative  is  an  abomination,  magnetic  controls,  impreg- 
nations, or  carbon  rotations  being  powerless  to  produce 
steady  burning.  We  find  that  the  tendency  to  produce 
"  mushrooms  "  on  the  negative  is  decidedly  diminished 
by  the  use  of  the  solid  positives  instead  of  the  cored. 

We  have  tried  Mrs.  Ayrton's  suggestion  of  using  a 
hollow  negative,  but  are  unable  to  report  favourably 
upon  it  at  currents  of  iSo  to  250  amperes.     We  found 
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that  we  got  spasmodic  bursts  of  gas  through  this  hollow 
which  did  not  conduce  to  smooth  running. 

We  have  used  both  solid  and  cored  negatives  and  the 
author  has  no  hesitation  in  preferring  the  cored  negative 
over  any  of  those  so  far  tried  for  the  high  currents 
referred  to — but  it  is  possible  that  other  expedients  may 
be  necessary  for  still  higher  currents. 

The  author  believes  that  with  an  electromagnetic 
control  there  need  be  no  limit  to  the  strength  of  the 
current  which  could  be  used  whilst  maintaining  a  steady 
and  quiet  arc,  but  so  far  there  appears  to  be  a  limit 
to  current  density  with  plain  carbons. 

8.  Before  referring  to  the  characteristics  of  the 
controlled  arc,  or  to  tlie  question  of  impregnated  carbons, 
it  will  be  advisable  to  describe  the  method  used  for 
comparing  the  searchlight  beams  produced  by  the 
different  arcs. 

The  author  always  maintained  that,  in  order  to 
decide  upon  the  suitability  of  an  arc  for  searchlight 
purposes,  it  was  essential  that  the  arc  should  be  burned 
in  a  projector  and  a  measure  taken  of  the  total  flux 
of  light  in  the  beam  at  a  place  no  farther  from  the  pro- 
jector than  the  average  distance  at  which  it  was  expected 
to  operate.  It  should  also  be  ascertained  what  was  the 
minimum  angle  of  dispersion  which  could  be  produced 
by  the  various  arcs  under  test  with  a  given  mirror,  and 
what  was  the  intensity  of  illumination  across  the  width 
of  the  centre  of  that  beam  at  the  place  where  the  obser- 
vations  were   being   taken. 

It  is  well  known  that  if  we  place  at  the  focus  of  a 
paraboloidal  mirror  a  number  of  craters  of  different 
diameter  each  being  of  the  same  intrinsic  brilliancy 
per  square  millimetre  and  of  uniform  brilliance  over  the 
whole  of  the  surfaces,  then  the  only  effect  produced  in 
the  resultant  beam  is  to  increase  its  angle  of  spread, 
and  of  course  its  total  flux  of  light.  There  will  be 
no  change  in  the  intensity  of  the  beam  at  the  centre. 
It  would  thus  seem  that  if  we  had  a  maximum  of  crater 
brilliance  we  had  also  reached  a  maximum  of  beam 
intensity  with  a  given  mirror. 

On  the  other  hand,  if  we  place  at  this  focus  two  craters 
of  different  diameters,  the  larger  one  being  non-uniform 
in  crater  brilliance  with  a  maximuna  crater  brilliance 
at  the  centre  only,  whilst  the  small  one  is  uniformly 
brilliant  with  its  edges  as  bright  as  its  centre,  and  the 
sizes  of  these  carbons  are  such  that  the  total  flux  of 
light  from  the  small  crater  is  at  least  equal  to  that  of 
the  larger,  then  the  general  intensity  of  the  small  crater 
beam  will  be  higher  than  that  of  the  large  crater  team. 

If  now  the  small  crater  be  assumed  to  have  a  greater 
total  flux  of  light  than  the  large  crater,  the  average 
intensity  of  its  beam  will  be  still  liigher.  Further, 
if  we  shift  the  position  of  this  small  crater  slightly  with 
respect  to  the  focus  so  as  to  obtain  a  beam  of  equal 
divergence  to  that  produced  by  the  large  carbon,  then 
the  average  intensity  of  its  beam  will  still  be  greater 
than  that  produced  by  the  large  carbon. 

Thus  we  expected  to  get  both  a  greater  flux  and  a 
greater  average  beam  intensity,  in  a  beam  of  given 
divergence,  when  using  a  controlled  arc  at  the  higher 
current  density. 

The  searchlight  requirements  for  aircraft  work  were 
a   beam   of  high  intensity  combined    with   fairly   wide 


dispersion,  for  it  would  obviously  be  difficult  to  "  find  "' 
a  small  target  like  an  aeroplane  with  a  narrow  beam, 
however  great  its  intensity  might  be. 

9.  The  beam  flux  and  intensity  were  measured  at 
ranges  between  12,000  and  25,000  feet  from  the  projector. 
The  beam  was  projected  to  the  observing  station  so 
that  the  photometer  was  at  its  centre.  The  candle- 
feet  illumination  received  upon  a  screen  was  measured, 
and  the  beam  was  traversed  through  \  degree  to  the 
right  ;  the  illumination  produced  was  again  measured 
and  the  beam  traversed  through  another  \  degree 
and  so  on  until  the  photometer  screen  was  "  outside  " 
the  disc  of  the  beam.  This  was  easily  seen  by  the  direc- 
tor of  operations  at  the  projector  station,  as  a  car  head- 
light pointing  towards  him  was  placed  just  in  front 
of  the  photometer  station  to  show  position  and  we  were 
only  concerned  with  the  edge  of  the  "  useful  "  beam 
which  could  be  seen  by  the  projector  director.  (We 
had,  as  a  preliminary,  tried  traversing  the  beam  until 
the  photometer  observer  gave  the  signal  "  out,"  and  we 
found  on  comparing  the  two  methods  that  the  projector 
director  could  judge  just  as  well  and  that  such  judgment 
represented  working  conditions  better.)  The  projector 
was  then  swung  back  to  the  centre  position  and  readings 
were  taken  :  it  was  then  traversed  by  ^-degrees  to  the 
left  until  the  edge  was  reached  and  then  brought  back 
to  the  centre.  This  represented  one  complete  traverse, 
and  each  beam  was  traversed  thrice  in  succe:  sion  lor 
every  exposure. 

One  type  of  arc  and  projector  was  chosen  as  the 
standard  of  reference — a  controlled  arc  between  plain 
solid  carbons  of  certain  diameters  run  at  a  certain  arc 
length,  current  and  voltage,  and  kept  always  at  a  certain 
distance  froin  the  mirror. 

To  ensure  all  this,  one  operator  was  made  responsible 
for  the  uniformit}'  of  the  crater,  another  for  the  arc 
length  and  the  position  of  the  crater,  whilst  a  third 
attended  to  the  current  and  pressure. 

To  facilitate  the  keeping  of  a  constant  arc  length 
and  position  of  the  crater  we  arranged  a  focuscope  on 
the  projector  so  that  a  full-sized  image  of  the  arc  was 
thrown  upon  a  graduated  translucent  screen. 

Having  made  three  traverses  (i.e.  one  observation) 
with  the  standard  beam  we  followed  it  up  immediately 
with  an  observation  of  the  beam  under  comparison. 
This  was  in  turn  followed  up  by  a  repeat  of  the  standard, 
and  so  on.  If  on  repeat  with  the  standard  there  were 
discrepancies,  they  were  due  either  to  atmospheric 
changes  or  to  variations  in  the  arc. 

10.  As  a  check  on  atmospheric  changes  we  attempted 
the  measurement  of  a  "  transmission  coefficient  "  each 
night  and  at  frequent  intervals  during  each  night. 

The  principle  of  this  was  as  follows  :  A  large  white 
screen  was  erected  at  S  in  Fig.  6  which  represents  a 
plan  of  the  test  station.  The  photometer  station  P 
was  on  the  top  of  a  ridge  of  hills  and  the  projector 
station  was  on  the  top  of  a  lower  hill.  This  screen 
was  uniformly  illuminated  by  a  framework  of  incandes- 
cent lamps  shielded  so  as  not  to  throw  any  direct  light 
towards  the  projector  station,  where  we  had  a  telescopic 
photometer  T  by  means  of  which  we  could  measure  the 
illumination  of  the  screen  as  seen  through  the  atmosphere. 
At  the  same  time  the  actual  illumination  of  the  screen 


WITH    SPECIAL    REFERENCE   TO   SEARCHLIGHTS. 


657 


was  measured  close  to  it,  and  the  ratio  of  the  apparent 
candle-feet  of  the  screen  to  the  real  candle-feet  was 
taken  to  represent  a  coefficient  of  transmission  of  the 
atmosphere  through  the  given  distance.  It  was  felt 
that,  though  this  might  not  be  true  for  the  different 
qualities  of  the  various  arcs  used,  it  would  at  least  serve 
the  very  useful  purpose  of  showing  us  whether  the 
atmospheric  conditions  with  regard  to  light  transmission 
were  changing  or  not  during  our  tests  on  any  night. 
And,  indeed,  for  that  purpose  it  was  invaluable,  for  all 
results  taken  over  a  period  during  which  the  atmospheric 
conditions  varied  were  discarded  when  we  came  to 
compare  the  various  beams. 

As  a  matter  of  fact  we  were  not  able  to  make  use  of 
our  transmission  coefficient  as  an  equalizing  factor 
between  the  results  of  any  one  arc  taken  on  different 
nights,  but  as  stated  above  it  was  a  valuable  "  pointer." 


means  of  a  Holophanc  lumeter  at  the  distant  station 
simultaneou,sly. 

Our  photometric  standards  of  reference  were  all 
run  at  constant  current  so  that  ammeters  and  variable 
rheostats  were  used.  It  was  realized  that  we  could  not 
expect  very  high  degrees  of  accuracy,  but  we  took  all 
possible  steps  towards  making  for  consistency  wherever 
it  was  possible. 

It  must  also  be  borne  in  mind  that  errors  of  phis  and 
minxis  5  per  cent  were  not  in  themselves  very  serious 
from  our  point  of  view,  for  if  various  lights  tested  only 
differed  by  such  an  amount  we  should  not  be  justified 
in  either  accepting  or  rejecting  them  on  that  account. 
Other  factors  would  then  be  the  determinants. 

The  frame  of  lamps  which  illuminated  the  distant 
screen  was  also  run  at  constant  current.  This  screen 
was  of  canvas  painted  with  white  lead,  and  the  lamps 
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Fig.  6. — Plan  of  test  station. 


Every  arc,  mirror  or  other  device  tried  was  always 
tested  against  the  standard  of  reference  during  the 
same  atmospheric  conditions  on  the  interleaved  system, 
and  by  taking  a  very  large  number  of  comparative  tests 
we  were  able  to  form  an  accurate  estimate  of  their 
relative   capabilities. 

11.  The  telephotometer  which  we  used  was  calibrated 
indoors  at  short  range.  Lieut.  H.  C.  Gibson  was  mainly 
■  responsible  for  the  design  of  the  instrument,  the  principle 
of  which  was  that  on  looking  through  the  eye-piece 
one  saw  side  by  side  an  image  of  the  distant  illuminated 
screen  and  an  image  of  a  small  screen  in  the  photometer 
itself.  The  illumination  of  the  photometer  screen  could 
be  varied  by  moving  the  source  of  illumination  nearer 
or  further  along  a  graduated  scale  until  the  two  images 
as  seen  through  the  eye-piece  appeared  of  equal  bright- 
ness. The  scale  was  cahbrated  in  foot-candles.  The 
true  brightness  of  the  distant  screen  was  measured  by 


were  spaced  to  produce  uniform  illumination  The 
screen  was  necessarily  large,  and  its  image  in  the  tele- 
photometer  was  the  same  size  as  that  of  the  small 
screen. 

The  lumeters  and  the  telephotometer  lamp  were 
tested  against  our  secondary  standards  with  great 
frequency  and  we  had  a  long  photometer  bench  rigged 
up  in  the  open  for  such  calibration,  which  was  done  of 
course  in  the  dark  hours. 

12.  In  addition  to  this  attempt  to  measure  the  atmo- 
spheric variations  of  transmissive  powers  we  collected 
data  of  meteorological  conditions — pressure,  hygrome- 
tric  state  and  direction  and  strength  of  wind.  Continuous 
charts  of  local  variations  of  these  quantities  were  kept 
and  the  daily  reports  of  the  Meteorological  Office 
were  received.  I.ieut.  E.  S.  White  was  responsible 
for  this  work. 

After  having  analysed  all  our  results  of  transmission 
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coefficients  and  compared  them  with  meteorological 
variations  we  have  been  able  to  make  some  broad  general- 
izations which  may  be  of  some  value.  We  are  not  at 
liberty  to  publish  these  deductions  as  at  present  they 
are  not  considered  to  be  of  importance  except  for 
military  purposes.  The  work  is  mentioned  here  to 
indicate  that  we  recognized  the  difficulties  which  were 
referred  to  by  Mr.  C.  C.  Paterson  and  his  co-authors 
in  conducting  tests  through  the  atmosphere,  and  that 
we  realized  that  it  was  necessary  to  obtain  as  much 
information  as  possible  about  atmospheric  absorption. 
The  author  feels  that  much  more  may  be  done  in 
this  direction  with  advantage,  and  that  any  further 
work  should  have  the  active  co-operation  of  the 
Meteorological  Office. 

Incidentally  it  may  be  mentioned  that  we  essayed 
the  task  of  measuring  the  beam  intensity  at  long  range 
at  high  elevation  with  the  co-operation  of  an  observation 
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Fig.  7. — Illumination  across  the  diameter  of  searchlight 
beams  produced  by  arcs  between  three  types  of  carbons, 
A,  B,  and  C,  of  equal  diameter  and  carrying  equal 
currents.     Kaugc,  13,000  feet. 

balloon  section  of  the  Royal  Air  Force.  We  had  to 
abandon  this  method  owing  partly  to  the  small  number 
of  nights  on  which  we  could  use  the  balloon,  but  mainly 
to  the  swaying  of  the  balloon  and  the  resulting  inability 
to  take  readings  at  any  definite  position  of  the  beam. 
The  little  we  did,  however,  indicated  that  there  was  no 
very  great  difference  in  comparative  results  obtained 
in  this  way  and  along  the  horizontal. 

13.  The  results  of  the  beam  tests  were  plotted  in  gra- 
phical form  showing  candle-feet  illumination  received 
at  the  given  range  against  the  angular  displacement  of 
the  beam.  The  total  flux  of  light  in  the  beam  at  that 
range  was  calculated  from  these  graphs.  It  may  be 
desirable  here  to  explain  that  we  had  compared  horizontal 
traverses  with  vertical  traverses  across  diameters  of 
the  beam  discs  and  found  no  measurable  differences 
at  long  range.  The  effects  of  flame  and  obscuration 
effects  of  carbon  carriers  which  show  themselves  at 
ranges  up  to  3,000  feet  do  not   appear  at  12,000  feet. 


We  therefore  assumed  that  the  beam  intensities  as 
measured  across  the  horizontal  diameter  would  be  the 
same  across  any  other  diameter,  and  we  made  calculations 
accordingly. 

Fig.  7.  represents  a  comparison  of  three  different 
kinds  of  carbons  run  under  identical  conditions.  They 
were  of  equal  diameter  and  were  run  at  equal  currents 
in  equal  projectors.  A  is  a  plain  solid  carbon  ("  Apostle") 
whilst  B  and  C  are  "  impregnated  "  and  also  solid 
carbons  (i.e.  coreless).  The  curves  represent  the  average 
of  all  the  tests  taken  with  these  three  carbons  under  the 
same  conditions. 

This  comparison  is  of  great  interest  in  view  of  the 
fact  that  the  National  Physical  Laboratory  tests  of  these 
carbons  showed  that  there  was  very  little  difference 
between  them  so  far  as  the  total  flux  of  light  emitted 
and  the  intrinsic  brilliance  were  concerned  when  they 
were  run  at  equal  currents.  Here  is  no  question  of  5  per 
cent  ;  and  but  for  the  old  warning  that  our  eyes  are  not 
to  be  trusted  a  photometer  would  have  been  declared 
superfluous.  It  is  highly  probable  that  the  poor  results 
produced  by  impregnated  carbons  may  be  due  partly 
to  the  absorptive  effect  of  the  fumes  emitted  and  partlj' 
to  the  absorptive  or  reflective  properties  of  the  flame. 
Certain  types  of  impregnated  carbon  searchlights  are 
provided  with  a  special  forced  ventilation  ;  for  example, 
the  Sperry  high-intensity  light.  With  the  particular 
form  of  impregnation  used  this  forced  ventilation  is 
absolutely  necessary.  All  forms  of  impregnation  yet 
tried  produce  cloudy  deposits  on  the  front  glass  and  on 
the  mirror  much  more  rapidly  than  do  plain  carbons, 
and  such  deposits  have  very  high  coefficients  of 
absorption. 

It  can  also  be  stated  here  that  all  inapregnated  carbons 
so  far  tested  give  a  flame  of  much  greater  luminosity 
than  that  of  plain  carbons.  Such  luminous  flame  is 
decidedly  disadvantageous  in  searchlight  work,  for  it 
produces  a  widely  dispersed  secondary  beam  surrounding 
the  main  beam.  This  secondary  beam  is  further  of  a 
flickering  nature  and  its  existence  is  a  serious  handicap 
to  observation  from  the  neighbourhood  of  the  searchlight 
projector,  whilst  it  has  a  further  disadvantage  of  lighting 
up  the  foreground. 

It  may  be  concluded  from  all  tests  so  far  carried  out 
that  whatever  may  be  the  advantage  of  the  flame  arc 
over  the  plain  arc  for  general  illumination — whether 
considered  from  the  point  of  view  of  absolute  efficiency 
or  of  quality  of  light  or  of  both — there  is  no  question 
that  the  plain  arc  run  at  a  current  density  of  0-31 
ampere  per  sq.  mm.  is  superior  to  that  produced  between 
any  impregnated  carbons  yet  tried  at  the  same  current 
density — whether  the  impregnation  was  introduced 
in   a  core  or  whether  solid   carbon  was  impregnated. 

The  points  on  the  credit  side  are  given  in  par.  15, 
but  the  balance  on  the  debit  side  is  too  heavy. 

The  author  does  not  include  in  the  above  generalization 
those  special  high-intensity  arcs  of  Harrison,  Beck  and 
Sperry  types  which  are  well  known  in  general  principle, 
but  even  in  these  cases  he  submits  that  many  claims 
made  for  them  in  the  past  have  been  too  high  because 
their  beam-yielding  capabilities  were  assumed  to  be 
proportional  to  their  total  flux  of  light  or  that  comparative 
searchlight   trials   were   made   at   short   ranges.      The 
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author  regrets  that  he  is  not  in  the  position  to  publish 
comparisons  with  the  high-intensity  arcs  but  hopes  that 
some  measure  of  publicity  ma-y  be  permitted  in  the 
near  future. 

14.  Beams  were  also  compared  with  one  another 
over  different  ranges  xmder  the  same  atmospheric 
conditions  in  order  to  ascertain  whether  there  were 
any  difference  in  penetrating  powers  of  the  various  arcs 
used.  For  these  tests  we  had  two  photometer  stations 
and,  after  measuring  a  beam  at  one  station,  it  was  swung 
over  to  the  other  and  then  back  again  to  the  first  as  a 
check  on  consistency.  The  ratio  of  the  total  fluxes 
received  from  the  several  beams  at  one  range  were 
compared  with  those  at  the  other. 

Comparisons  were  also  made  of  various  mirrors — 
mirrors  of  different  sizes  and  focal  length — glass  and 
metal,  gold-  and  silver-plated — all  in  terms  of  total 
flux  of  light  received  through  the  atmosphere. 

The  absorptive  effect  of  the  front  glass  and  the  extent 
to  which  draughts  interfered  with  both  the  operation 
and  the  light-giving  properties  were  also  investigated. 

Comparisons  of  searchlight  beams  were  also  made 
in  terms  of  their  finding  power,  that  is  their  ability  to 
throw  sufficient  light  upon  an  aeroplane  at  various  ranges 
to  enable  it  to  be  seen  by  observers  in  the  neighbourhood 
of  the  projector. 

For  this  purpose  several  aeroplanes  were  placed  along 
a  high  ridge,  shown  on  Fig.  6,  so  that  they  had  the  sky 
as  a  background.  They  were  placed  square  on  to  the 
projectors  and  elevated  so  that  the  planes  were  inclined 
at  about  30"  to  the  horizontal.  The  various  beams  to 
be  compared  were  trained  "  on  "  the  different  targets 
in  irregular  order  and,  to  prevent  errors  of  imagination 
on  the  part  of  the  observers,  were  sometimes  trained 
"  off  "  targets.  At  each  exposure  the  observers  noted 
whether  they  saw  a  target  in  a  beana  or  not.  These 
notes  were  compared  with  the  director's  tally  which 
showed  whether  the  beam  was  on  a  target  or  not,  and 
if  so  what  the  range  was. 

After  a  long  series  of  observations  on  different  nights 
it  was  then  possible  to  classify  the  various  beams  and 
to  state  the  average  range  at  which  each  might  be 
expected  to  show  up  a  target  of  the  type  used,  as  well 
as  its  maximum  range. 

15.  It  was  to  be  expected  that  a  controlled  arc  with 
a  straight  arc  stream  would  be  maintained  to  a  greater 
length  (i.e.  distance  between  carbons)  than  an  uncon- 
trolled arc  before  going  out.  This  is  the  case,  and  it 
is  also  true  that  the  carbons  have  to  be  separated  to  a 
greater  length  on  striking  before  a  steady  and  quiet  arc 
is  maintained  than  is  the  case  with  an  uncontrolled 
arc  between  larger  carbons.  This  has  the  advantage 
of  reducing  the  negative  obscuration  and,  further, 
of  being  more  amenable  to  control.  A  short  arc  is 
stiffer  than  a  long  one  and  the  magnetic  control  nece.>sary 
to  act  upon  it  would  also  be  great  enough  to  produce 
that  boring  tendency  previously  referred  to,  so  we  should 
not  obtain  a  uniformly  luminous  crater  except  by 
still  further  reducing  the  size  of  the  positive,  when 
spindling  would  set  in.  Research  on  this  point  is  now 
proceeding. 

The  relationship  between  the  voltage  across  the 
carbon  holders  and  the  length  of  arc  for  constant  current 


is  of  considerable  interest.  It  was  naturally  expected 
that  the  voltage  would  increase  as  the  arc  lengthened, 
but  the  results  obtained  with  carbons  D,  E  and  F 
shown  in  Fig.  8  are  somewhat  remarkable.  D  was  a 
plain  solid  carbon,  E  and  V  were  solid  carbons  of  the 
same  size  impregnated  with  different  mixtures. 

These  results  were  taken  by  striking  the  arc  and 
opening  out  to  the  shortest  distance  at  which  it  would 
run  quietly.  The  carbons  were  then  allowed  to  burn 
away,  the  current  being  maintained  at  the  same  value 
throughout,  and  the  voltage  and  length  of  arc  were 
taken  at  intervals. 

The  first  point  is  that  for  a  given  arc  length  the  voltage 
across  the  carbon  holders  is  less  with  the  impregnated 
carbons  E  and  F  than  with  the  plain  carbon  D. 

The  second  point  is  that  in  each  case  a  certain  length 
is  reached  when  the  potential  difference  suddenly-  drops, 
after  which  it  rises  again.  This  sudden  drop  was  first 
discovered  with  impregnated  carbons,  because  it  will 
be  noticed  that  it  does  not  occur  with  the  plain  carbon 
D  until  an  arc  length  of  55  to  60  mm.  has  been  reached, 
which  is  beyond  any  useful  length  for  the  particular 
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Fig.  8. — P.D.  (across  carbon-holders)  of  arcs  between  3 
different  carbons,  D,  E,  and  F,  at  constant  current  of 
200  amperes,  and  at  increasing  arc  lengths — the  arcs 
being  under  electromagnetic  control. 

current  used.  With  impregnated  carbons,  however, 
it  occurs  at  comparatively  short  lengths,  depending  on 
the   quality   and   quantity   of  impregnating   matter, 

The  author's  first  impression  was  that  the  point  at 
which  the  pressure  decreased  represented  a  sort  of 
"  critical  length  "  and  that  this  would  give  the  best 
working  length  and  minimum  power  consumption  for 
a  given  output.  This  was  suggested  by  the  fact  that  a 
decided  change  in  the  general  character  of  the  arc  stream 
— or  rather  the  "  fiame  "  surrounding  the  central  stream 
— was  apparent  at  the  moment  of  the  drop,  and  that 
the  operator  was  always  able  to  predict  the  drop  without 
seeing  the  voltmeter.  The  behaviour  of  the  plain  carbon 
did  not,  however,  support  such  a  view,  and  we  had 
almost  decided  that  the  phenomena  only  occurred 
with  impregnated  carbons  when,  on  taking  "  that  little 
more,"  we  found  it,  but  certainly  beyond  any  working 
length. 

One  thing,  however,  is  suggested  by  these  curves,  and 
that  is,  that  if  we  project  horizontally  the  point  of 
lowest  voltage  at  the  length  where  the  drop  occurs, 
then  the  other  point  on  the  curve  which  has  the  same 
voltage  does  represent  a  working  length  at  which  the 
arc  may  be  said  to  be  stable. 
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For  the  moment  these  results  must  be  left  where  they 
are.  The  author  had  not  time  to  pursue  these  matters 
further  as  there  were  more  immediate  problems  to  be 
solved.  He  would  say  that  if  the  carbons  be  gradually 
brought  together  again  tlie  curves  do  not  exactly  repeat 
and  the  lower  voltage  is  maintained  to  a  shorter  length 
before  rising  again.  It  was  difficult  to  get  consistent 
results  so  far  as  the  actual  length  at  which  the  drop 
occurred  was  concerned,  but  the  occurrence  of  the  drop 
was  quite  consistent.  It  is  essential  that  a  perfect 
crater  be  maintained  all  the  time,  for  unsteady  conditions 
may  cause  sufficient  variation  in  voltage  to  mask  the 
effect  entirely.  This  is  especially  the  case  with  solid 
plain  carbons,  for  at  a  length  of  60  mm.  the  arc  is  begin- 
ning to  be  rather  susceptible  to  draughts. 

It  will  be  noted  that  it  was  possible  to  run  very  long 
arcs  before  thev  went  out,  D  and  E  being  over  3  inches 
long.  This  indicates  that  a  controlled  arc  of  normal 
burning  length  of  35  mm.  is  not  in  any  immediate  danger 
of  breaking,  although  it  would  break  immediately  if 
the  controlling  system  were  put  out  of  action  by  short- 
circuiting  it. 

It  is  interesting  to  recall  a  similar  sort  of  volts/length 
relationship  for  spark  discharges  between  two  electrodes. 
Sir  J.  J.  Thomson  in  his  "  Conduction  of  Electricity 
through  Gases  "  *  says  :  "  When  a  spark  length  falls 
below  a  certain  value  which  we  shall  call  the  critical 
length  the  potential  difference  has  a  minimum  value, 
and  if  the  spark  length  is  still  further  diminished  the 
spark  potential  begins  to  increase  and  goes  on  increasing 
until  the  spark  length  gets  down  to  about  10  "*  cm.  when 
it  very  rapidly  diminishes." 

16.  Captain  Haworth,  Ph.D.,  undertook  to  investigate 
the  characteristics  of  the  controlled  arc  at  the  City  and 
Guilds  (Engineering)  College  by  the  kind  permission 
of  the  Governors.  He  took  voltage/current  curves  at 
different  arc  lengths  on  recording  instruments.  The  arc 
was  brought  to  its  steady  condition  at  normal  current, 
and  the  current  was  then  reduced  until  the  arc  broke. 
From  the  chart  the  volt  'ampere  and  the  watt/ampere 
curves  were  drawn.  The  voltage  drop  per  millimetre 
length  of  arc  at  the  normal  current  was  also  measured 
by  allowing  the  carbons  to  burn  away  at  constant 
current. 

Considerable  difficulties  were  experienced  due  to  the 
supply  of  an  insufficiently  coppered  stock  of  negatives, 
but  Captain  Haworth  stated  that  within  certain  limits 
the  equation  was  of  the  form  V  =  Vo  +  a  I,  in  which  V 
is  the  voltage  drop  across  the  lamp,  Vo  the  voltage  drop 
at  the  positive  and  negative  arc  contacts  plus  the  drop 
in  volts  in  the  carbons,  a  the  voltage  drop  per  mm. 
of  arc  length  and  /  the  arc  length  in  mm. 

With  a  current  of  220  amperes  between  plain  carbon 
electrodes,  the  positive  being  30  mm.  diameter  coppered 
and  solid  and  the  negative  being  coppered  and  cored 
of  16  mm.  diameter,  he  found  that  the  average  value 
of  \'  was  55  ■  S  ±  4  and  a  was  o  •  4.)  between  extremes  of  20 
and  120  mm.  As  he  points  out,  the  voltage  drop  per  mm. 
of  arc  length  is  much  lower  than  that  obtained  by  Mrs. 
Ayrton  for  low-current  arcs,  namely  207,  and  it  may 
be  due  to  greater  concentration  of  the  cathode  stream 
and  its  probable  higher  temperature. 

*  Page  356. 


17.  The  author  has  designed  other  forms  of  magnetic 
controls  embodying  the  same  basic  principle  but  for 
different   purposes. 

It  was  early  suggested  that  a  system  of  iron  poles 
electrically  energized  might  be  spaced  around  the  inside 
of  the  projector  barrel,  and  that  variation  in  the  strengths 
of  these  poles  might  be  made  instead  of  bodily  move- 
ment of  the  original  system  in  space.  This  was  not, 
however,  practicable  in  an  ordinary  barrel  projector, 
but  it  has  been  tried  with  success  on  a  special  tj'pe  now 
in  process  of  development  in  which  the  temperature 
of  the  iron  cores  and  the  exciting  windings  cannot 
become  very  high. 

A  further  form  has  been  designed  with  a  view  to 
operating  an  arc  between  electrodes  placed  at  90° 
to  one  another,  and  this  has  also  been  found  to  work 
very  well.  The  positive  carbon  has  its  axis  coincident 
with  the  axis  of  the  mirror,  whilst  the  negative  is  at 
right  angles  to  and  beneath  it.  The  idea  here  is  to  get 
rid  of  the  negative  obscuration,  but  as  this  is  very  slight 
the  chief  value  lies — so  far  as  searchlight  practice  is 
concerned — in  the  possibility  of  being  able  to  use  shorter 
focal-length  mirrors  and  so  collect  a  greater  percentage 
of  light.  It  should  be  also  advantageous  for  projection 
work  through  a  condenser  which  would  afford  an  un- 
obscured  view  of  the  crater.  The  right-angled  arc 
burns  very  smoothly.  A  scheme  of  combining  the 
electromagnetic  control  with  a  rotary  field  so  that  the 
arc  stream  was  swept  over  the  positive  carbon  face  was 
also  tried.  It  worked  quite  satisfactorily  but  did 
not  show  any  particular  advantages  over  the  plain 
control  ;  in  fact  the  illumination  produced  was  lessened. 
18.  The  author  would  like  to  place  on  record  his 
appreciation  of  the  valuable  help,  suggestions  and 
encouragement  which  he  has  received  uniformly  from 
Colonel  A.  E.  le  Rossignol,  C.B.,  T.D.,  RE.  (T).  He 
would  also  express  his  thanks  to  his  colleagues  of 
the  Experimental  Section,  Lieutenants  H.  C.  Gibson 
and  E.  S.  White,  and  the  other  members  of  the  personnel 
of  that  Section  for  all  the  help,  enthusiasm,  and  effort 
which  they  put  into  the  work. 

Summary. 

(i)  With  ordinary  carbons  (i.e.  carbons  free  from 
any  special  salts  or  mixtures)  an  improved  efficiency 
in  terms  of  the  flux  of  light  per  watt  expended  is  obtained 
by  running  at  higher  current  density. 

(2)  It  is  not  possible  to  run  an  ordinary  carbon  arc 
with  any  degree  of  smoothness,  steadiness  or  silence  at  a 
greater  current  density  than  0-15  ampere  per  sq.  mm. 
of  the  cross-section  of  the  positive  carbon,  but  if  the 
arc  stream  be  acted  upon  by  a  system  of  external 
magnetic  forces  tending  always  to  keep  it  central, 
a  current  density  of  0-31  ampere  per  sq.  mm.  can  be 
attained    with    smooth    and    silent    operation. 

(3)  A  device  for  producing  the  necessary  external 
forces  is  described. 

(4)  The  use  of  this  "  control  "  renders  the  soft  "  core  " 
generally  to  be  found  in  positive  carbons  unnecessarj' 
and   even    disadvantageous. 

(5)  Ordinary  solid  carbons  of  greater  diameter  than 
20  mm.  must  be  copper  coated  in  order  to  carry  current 
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at  the  rating  of  0-31  ampere  per  sq.  mm.  without  becom- 
ing red-hot  along  their  entire  length. 

(6)  For  arcs  at  from  80  to  3oo-amperes  a  cored  copper- 
coated  negative  of  such  diameter  that  the  current 
density  is  about  i  ampere  per  sq.  mm.  of  its  cross- 
section  has  been  found  most  suitable. 

(7)  Whilst  the  impregnation  of  carbons  with  salts 
or  other  mixtures  does  make  for  smoother  running  in 
some  cases  and  lowers  the  potential  difference  required 
for  a  given  current  and  arc  length  in  all  cases  so  far 
tried,  yet  the  total  flux  of  light  received  in  searchlight 
beams  from  such  arcs  at  working  ranges  is  much  less 
than  that  from  a,  plain  carbon  arc  at  the  same  current 
and  current  density,  both  absolutely  and  per  watt 
expended. 

(8)  In  view  of  the  fact  that  the  National  Physical 


Laboratory  tests  with  unpregnated  carbons  showed 
that  they  were  only  very  slightly  inferior  in  intrinsic 
brilliance  to  ordinary  carbons,  the  absolute  importance 
of  outdoor  photometric  tests  over  working  ranges  is 
emphasized.     The    methods    adopted    are    described. 

(9)  The  potential  difference  per  mm.  of  arc  length 
is  lower  with  these  high-current  arcs  than  with  the 
comparatively  low-current  arcs. 

(10)  The  potential  difference  between  the  carbon 
holders  for  constant-current  "  controlled  "  arcs  increases 
with  the  arc  length  up  to  a  certain  length,  when  it 
suddenly  falls  and  then  steadily  increases  again.  In- 
vestigations of  this  have  been  done  principally  with 
200-ampere  arcs  at  lengths  of  from  20  mm.  to  84  mm. 

The  drop  in  pressure  occurs  at  a  shorter  length  with 
impregnated  carbons  than  with  plain  carbons. 


MULTIPLE-UNIT    SHUNTS 


FOR    THE    MEASUREMENT   OF   VERY   HEAVY 
CURRENTS.* 


By  M.  B.  Field,  O.B.E.,  Member. 

(Paper  received  16  March,   1920.) 


An  adequate  appreciation  of  the  limits  beyond  which 
a  given  design  of  mechanical  or  electrical  contrivance 
is  unsuitable,  is  a  first  essential  of  the  engineer.  Never- 
theless, we  may  become  wedded  to  some  particular 
construction  to  an  extent  which,  at  a  later  period, 
astonishes  us.  We  have  been  able  to  meet  demands 
for  increased  duty,  again  and  again,  by  the  simple 
expedient  of  an  all-round  increase  of  dimensions,  and 
we  have  become  so  accustomed  to  the  permanence 
of  the  design  that,  on  the  advent  of  the  stage  of  its 
growth  when  a  complete  breakaway  from  old  associa- 
tions is  logically  called  for,  we  fail  to  recognize  it  and 
become  responsible  for  some  engineering  monstrosity. 

If  we  ask  ourselves  how  we  should  proceed  to  con- 
struct a  shunt  for,  say,  50,000  amperes,  we  recognize 
that  the  design  at  present  in  vogue,  comprising  two 
short  cast-metal  palms  bridged  by  a  number  of  high- 
resistance  strips,  or  the  equivalent,  is  impracticable. 
The  difficulty  of  bringing  50,000  amperes  to  the  palms 
and  making  adequate  contact  there,  the  uncertainty 
of  the  distribution  of  current  throughout  the  mass, 
and  our  inabiUty  to  test  the  unit  at  anything  approach- 
ing full  load,   render  such  a  proposition  inadmissible. 

We  may  then  ask  ourselves  with  advantage,  firstly, 
if  for  50,000  amperes  the  single-unit  design  be  im- 
pracricable,  how  can  we  satisfactorily  solve  the  problem, 

•  The  Papers  Committee  ia\-lte  written  communications  (with  a  view  to 
publication  in  the  Journal  if  approved  by  the  Committee)  on  papers  published 
in  the  Journal  without  being  read  at  a  meeting.  Communications  should 
reach  the  Secretary  of  the  Institution  not  later  than  one  month  after  publica- 
tion of  the  paper  to  which  they  relate. 
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and,  secondlj',  at  what  limit  of  carrying  capacity  should 
we  be  well  adA-ised  to  break  away  from  the  present-day 
design  ? 

In  the  author's  opinion,  6,000  amperes  is  about  the 
practicable  limit  of  carrj^ing  capacity  of  a  single  unit. 
Beyond  this  Umit,  the  objections  above  enumerated, 
among  others,  render  such  construction  incompatible 
with  good  engineering. 

In  the  case  of  a  10,000  ampere  shunt  recently  ex- 
amined, it  was  found  that  with  a  given  current  flowing, 
the  volt-drop  between  the  potential  terminals  could  be 
modified  by  as  much  as  4  per  cent  by  var^-ing  the 
method  of  clamping  the  circuit-conductors  to  the  palms. 
In  this  instance,  the  palms  were  short  and  badly  de- 
signed, and  the  current-paths  through  the  high-resistance 
metal  depended  in  large  measure  on  the  terminal 
conditions. 

A  great  improvement  might  have  been  effected  by 
substituting  arms  provided  with  palms  in  place  of  the 
short  squat  palms,  but  the  difficulty  of  testing  the 
unit  at  a  current  approaching  10,000  amperes,  to 
determine  its  constant  and  its  temperature  rise,  would 
tax   the   resources  of  most   manufacturers. 

In  this  communication,  the  author  discusses  a 
multiple-unit  shunt  in  distinction  from  the  single  unit 
as  employed  heretofore.  He  proposes  to  employ  a 
number  of  standardized  units  or  sub-shunts  in  parallel, 
so  connected  to  a  single  milhammeter  that  the  latter 
indicates    accurately    the    sum-total    of    the    current 
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traversing  all  the  sub-shunts  independently  of  the 
actual  distribution  of  the  total  current  among  them. 
\\'ith  such  an  arrangement  the  accuracy  of  the  reading 
is  unaffected  by  the  nature  ofjoints  between  the  shunt- 
palms  and  the  circuit-conductors,  be  they  good,  bad, 
or  indifferent. 

The  scheme  involves  a  number  of  sub-shunts,  similar 
in  respect  that,  with  the  same  current  traversing  each, 
the  volt-drop  measured  between  the  potential  terminals 
is  the  same  in  each.     The  like  potential  terminals  are 


connected  to  star  points  by  leads  of  equal  resistance, 
termed  equalizers,  and  the  milliammeter  is  connected 
betw-een  the  star-points. 

The  equalizers  are  generally  conductors  of  small 
cross-section  carrying  small  currents  ;  they  are  not  to 
be  considered  as  conductors  equalizing  the  distribution 
of  current   between   the  sub-shunts,   but   they  operate 


shunts  are  neatly  nested  without  loss  of  space  ;  the 
total  heat  is  distributed  conveniently  over  a  considerable 
region  ;  each  sub-shunt  is  readily  accessible  and  re- 
movable, and  is  independently  standardized.  With 
the  arrangement  shown,  it  may  be  convenient  to  figure 


Fig.  2. 

upon    each    busbar   conductor,    with   its    corresponding 
shunt,   carrying   i,ooo   or   1,500   amperes. 

Fig.  4  shows  in  greater  detail  a  shunt  suitable  for 
insertion  in  a  run  of  strip  conductors.  It  comprises 
two  lengths  of  copper  conductor  bent  as  illustrated 
and  bolted  together  with  insulated  joints  a  J,  J.  While 
therefore,  the  shunt  as  a  whole  is  sufficiently  flexible 
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Fig.   3. — Horizontal  arrangement  of  multiple  shunt. 


in  such  a  way  that  the  potential  difference  at  the  star- 
points  is  proportional  to  (and  very  nearly  equal  to) 
the  average  potential  difference  existing  at  the  potential 
terminals  of  all  the  sub-shunts. 

Fig.  1  represents  a  simple  4-unit  system  ;  the  milliam- 
meter reads  Ii-t-Ia-f  13-1-14.  Fig.  2  represents  a  varia- 
tion of  the  previous  arrangement. 

The  advantages  accruing  from  the  system  are  various. 
Fig.  3,  for  example,  shows  the  possibility  of  inserting 
a  multiple-unit  shunt  in  a  run  of  busbars.     The  sub- 


to  adapt  itself  readily  to  the  surfaces  of  the  contiguous 
conductors,  it  may  be  handled  during  the  processes 
of  testing,  transportation  and  assembly  on  site,  without 
fear  of  straining  the  joints  of  the  high-resistance  strips. 
S,  S,  represent  the  resistance  strips  ;  T,  T,  the  potential 
terminals.  High-conductivity  metal  is  employed  as 
far  as  the  junction  with  the  high-resistance  strips. 
The  sub-shunt  actually  forms  a  portion  of  the  busbar 
or  feeder-conductor  and  the  usual  method  of  jointing 
is  employed. 
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An  interesting  feature  of  the  construction  illustrated 
is  that  the  current  in  any  one  sub-shunt  is  nearly 
uniformly  distributed  among  the  \-arious  high-resistance 
strips,  the  current-flow  path  through  each  strip  being 
constituted  by  the  same  length  of  copper  and  strip, 
a  feature  which  materially  aids  in  standardization. 

If  we  bear  in  mind  that  these  sub-shunts  replace  a 
section  of  the  circuit-conductor,  that  the  cast-palms 
with  the  necessarv"  machining  are  obviated,  and  that 
the  usual  jointing  difficulties  are  entirely  overcome 
without  recourse  to  surfacing  and  so  forth,  we  shall 
be  prepared  to  admit  not  only  that  the  design  is  sounder 
from  the  engineering  point  of  view,  but  that  it  involves 
a  saving  of  outlay. 

Fig.  5  illustrates  a  portion  of  a  special  design  for  a 
32,000  ampere  shunt  required  for  mounting  on  the 
wall  of  a  generating  station.     It  comprises  eight  stan- 
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dardized  sub-shunts  of  4,000-ampere  capacity  each, 
two  only  of  which  are  shown  in  the  figure.  Two  copper 
tubes  supported  horizontally  in  wall  brackets,  but 
insulated  therefrom  by  means  of  substantial  micanite 
bushes,  form  a  framework  on  which  the  sub-shunts 
are  carried.  "  Hands  "  attached  to  the  upper  and 
lower  limbs  of  each  sub-shunt  grasp  the  copper  tubes 
as  indicated  and  support  the  sub-shunts  independently 
of  the  circuit  conductors. 

Incidentally,  it  may  be  mentioned  that  the  sub- 
shunts  are  not  insulated  from  the  supporting  copper 
tubes.  While  it  is  not  necessary'  for  the  accuracy  of 
the  arrangement  that  the  potential  of  the  like  ends  of 
the  various  shunts  should  be  the  same,  any  partial 
equalizing  effect  is  not  undesirable,  since  it  reduces 
the  magnitude  of  the  currents  circulating  in  the  equaUzing 
leads  to  the  star-points. 


The  following  tests  conducted  in  a  laboratory  on 
small-sized  shunts  in  parallel  are  of  interest  in  showing 
that  the  reading  of  the  milliammeter,  when  suitably 
connected,  is  wholly  independent  of  the  distribution 
of  current  as  between  the  various  units. 

Four  150-ampere  shunts  marked  I,  II,  III  and  IV, 
were  connected  as  indicated  in  Fig.  i.  A  standard 
ammeter  was  placed  in  series  with  the  combination 
and  a  current  of  400  amperes  was  passed  through  the 
circuit.  The  readings  of  the  totalizing  or  summation 
ammeter  were  compared  with  those  of  the  standard, 
while  the  screws  securing  the  various  shunts  to  the 
copper  conductors  were  tightened  and  loosened  so  as 
to  vary  the  relative  distribution  of  the  total  current 
among  the   four  individual  shunts.     The   relative   dis- 
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Fig.  5. — Vertical  type  of  multiple  shunt. 

tribution  of  the  current  was  determined  by  taking 
the  millivolt  drop  across  each  individual  shunt.  Each 
equaUzer  consisted  of  about  24  inches  of  No.  16  copper 
wire. 

The  results  shown  in  the  Table  herewith  were  obtained. 

It  will  be  observed  that,  within  the  limits  of  ob- 
servation, the  reading  on  the  summation  ammeter 
remained  constant  so  long  as  the  total  current  was 
maintained  steady,  quite  irrespective  of  the  goodness 
or  badness  of  the  contact  resistance  between  the  palms 
of  the  individual  shunts  and  the  main  copper  conductors, 
and,  consequently,  was  independent  of  the  actual 
distribution  of  the  total  current  among  the  various 
shunts. 

This  test  having  been  completed,  all  the  screws 
were  removed  from  the  four  shunts,  and  the  shunts 
were  merely  laid  across  the  copper  conductors.     Pre- 
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cisely  the  same  results  were  obtained.  Strong  pressure 
could  be  appUed  to  one  shunt,  while  a  slip  of  paper 
could  be  passed  under  the  palms  of  another,  and  so 
on,  but  so  long  as  the  main  current  was  maintained 
at  400  amperes,  the  summation  instrument  indicated 
the  same  reading  under  all  conditions. 

The  author  requested  Mr.  A.  E.  Moore  of  the  College 
of  Technolog>%  Manchester,  to  make  a  number  of 
independent  tests.  The  results  kindly  furnished  by 
Mr.  Moore  are  to  be  found  in  an  Appendix  to  this  paper. 

We  may  now,  with  advantage,  look  at  the  proposi- 
tion from  the  analytical  point   of  view. 


Again,  R  may  be  affected  by  the  length  of  the  (potential) 
terminal  posts,  while  such  variation  would  have  little 
or  no  effect  on  K. 

R  becomes  very  different  from  K  when  we  are  deahng 
wth  grids  and  the  potential  terminals  are  far  removed 
from  the  palms,  as  in  Fig.  6.  Let  us  suppose  that 
in  this  case  the  palms  have  negUgibly  low  resistance, 
then  we  should   obviously  have  K  =  y/g  ;    R  =  7rl2j. 

If,  however,  we  modified  the  shunt  to  that  shown 
in  Fig.  6a  by  applying  transverse  plates  of  negligibly 
low  resistance,  we  should  not  appreciably  alter  Iv, 
but  R  would  become  rjcj. 


.Approximate  Distribution  of  Current 

Main 

. 

Readings  of  Summation  Ammeter. 

Test 

Current 

Constant  of  Combination  7"  764 

Shunt  I 

Shunt  II 

Shunt  III 

Shunt  IV 

Amps. 

Amps. 

Amps. 

Amps. 

Amps. 

Millivolts 

Amps. 

I 

400 

All  shunts  tight 

100 

100 

100 

ICO 

51-6 

400-6 

II 

400 

Some  shunts  loose 

119 

88 

87 

106 

51-6 

400-6 

III 

400 

Some  shunts  loose 

112 

98 

88 

102 

51-6 

400-6 

IV 

400 

*No.  I  shunt  disconnected 
from  main   conductor, 
others  as  in  III 

9 

132 

123 

136 

51-55 

400-2 

V 

400 

*No.  I  disconnected   from 
main   conductor,  other 
shunts  tight 

9 

127 

131 

133 

51-55 

400-2 

VI 

300 

*Nos.    I   and   III    discon- 
nected, others  tight 

7 

140 

7 

146 

38-45 

298-5 

•  Although  certain  shunts  were  disconnected  from  the  main  conductors  they  were  still  linked  up  to  the  other  shunts  in  circuit  by  means  of  the  equalizing 
connections,  and  thus  by-passed  small  amounts  of  current. 


There  are  three  matters  in  relation  to  a  shunt  that 
we  have  to   consider  : — 

Its  "  constant,"   denoted  by  the  symbol   K. 
Its  terminal  resistance,  denoted  by  the  symbol  R. 
The  electrical  symmetry  as  hereafter  explained. 
[K  and  R  are  physical  constants  expressed  in  ohms.] 

Suppose  we  pass  I  amperes  through  the  shunt  from 
palm  to  palm  and  measure  the  volt-drop  between  the 
potential  terminals.  The  potential  difference  expressed 
in  volts  will  be  K  I  where  K  is  the  shunt  "  constant." 

If  we  find  that  the  potential  difference  varies  accord- 
ing as  we  apply  our  circuit  conductors  to  the  palms, 
then  K  is  variable,  and  it  will  be  assumed  that  the 
design  of  shunt,  with  the  employment  of  long  enough 
palms,  or  with  other  precautionary  means,  is  such 
that,  for  all  currents  passed  from  pahn  to  palm,  K 
has  a  definite  value  and  is  independent  of  the  method 
of  clamping  the  circuit  conductors. 

If  we  pass  I  amperes  through  the  shunt  via  the 
potential  terminals,  and  the  volt-drop  between  the 
potential  terminals  is  R  I,  R  is  the  "  terminal  resist- 
ance "  of  the  shunt.  It  is  the  resistance  that  would 
be  measured  on  a  Wheatstone's  bridge  if  the  shunt 
were  connected  thereto  by  its  potential  terminals. 
R  and  K  may  be  practically  equal  in  value  or  may  be 
very  different,   depend  ng  on  the  design  of  the  shunt. 

K  may  be  affected  by  the  method  of  connection  of 
the  circuit   conductors,   but   R  cannot   be  so   affected. 


The  reason  for  the  difference  between  the  K  and 
R  values  is  that  current  passed  through  the  shunt  via 
the  potential  terminals  assumes  a  totally  different 
distribution  from  that  which  obtains  when  the  current 
passes  from  palm  to  palm. 

This  matter  becomes  of  importance  if  any  appreciable 
current  is  side-tracked  via  the  potential  terminals. 
In  such  event,  even  if  we  know  the  current  passing 
through  the  centre  cross-section  of  the  shunt,  we  can 
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Fig.  6a. 


take  neither  K  nor  R  times  this  current  as  representing 
the  potential  difference  at  the  potential  terminals, 
because  the  side-tracking  of  current  alters  the  current- 
paths  within  the  mass  of  the  shunt. 

The  current  side-tracked  by  a  milhammeter  is  so 
small  that  the  above  consideration  may  be  disregarded, 
but  that  side-tracked  by  a  mercury  meter  used  in  con- 
junction with  a  shunt  may  require  consideration  from 
the  above  point  of  view. 

Again,  it  is  conceivable  that  with  the  arrangement 
of  multiple  shunts  there  may  be  a  considerable  inter- 
change of  current  between  shunts  via  the  equahzers, 
and  we  must  satisfy  ourselves  that  no  error  is  intro- 
duced thereby. 
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Considering  the  simple  case  of  a  shunt  where  the 
current  emerging  from  one  potential  terminal  is  equal 
to  that  entering  at  the  other,  as  in  Fig.  7,  by  the  prin- 
ciple of  super-position  of  current  distributionswe  have : — 

Potential  difference  at  potential  terminals=:Iv  I  — Rt. 

In  general,  however,  the  case  is  a  little  more  involved, 
since  the  currents  entering  or  emerging  at  the  potential 
terminals  are  not  necessarily  equal  (see,  for  example, 
the  case  of  the  staggered  multiple  shunt  in  Fig.  3). 

We  may  consider  this  more  general  case  from  the 
point  of  view  of  a  network. 


I 


Fig.  7. 

In  Fig.  8  we  have  a  network  in  two  or  three  dimen- 
sions. I,  2,  3  and  4  are  current  terminals  embedded 
in  the  network  each  connecting  to  a  great  many  con- 
tiguous meshes.  These  current  terminals  are  to  be 
considered  as  having  definite  dimensions  (not  merely 
points  of  the  network),  and  of  sufficiently  great  con- 
ductivity that  all  points  of  a  given  terminal  may  be 
considered  to  be  at  the  same  potential,  i.e.  any  differences 
of  potential  that  may  exist  are  insignificant  in  com- 
parison with  those  we  are  considering  in  the  network 


as  a  whole.  This  supposition  impUes  that  the  dis- 
tribution of  current  throughout  the  network  will  not 
sensibly  depend  upon  the  precise  points  of  contact 
at  the  terminal  surfaces  where  current  is  led  in  or 
withdrawn. 

We  further  assume  that  the  network  and  the  arrange- 
ment of  the  terminals  are  symmetrical  about  the  trans- 
verse plane  X  X. 

Currents  Ii,  I;,  I3  and  I.,  enter  the  network  at  the 
four  terminals  i,  2,  3  and  4,  and  these  are  the  only 
currents  entering  or  leaving.  We  have  then  the  con- 
ditton  U  +  U  +  l^  +  I^=  o,  or  I^  =  -  (I,  +  1^  +  I3). 

Now  we  know  that  with  these  currents  entering  the 


specific  network  at  the  terminals  there  can  be  onlv 
one  current  distribution  in  the  network. 

Assume  that  we  put  Ij  in  at  1  and  withdraw  Ii  at 
4  ;  a  certain  distriburion  results.  Secondly,  inject  I, 
at  2  and  withdraw  an  equal  current  at  4  ;  a  second 
distribution  results.  Lastly,  inject  I3  at  3  and  with- 
draw it  at  4,  and  a  third  distribution  results. 

Let  us  further  assume  that  these  three  distributions 
are  superposed  by  injecting  Ij  at  i,  L  at  2,  I3  at  3, 
and  withdrawing   Ii  -|-  I2  -f-  I3  at  4  simultaneously. 

We  have  then  the  condition  with  which  we  started, 
namely,  currents  Ii,  I2,  I3  and  I^  entering  the  network 
but  subject  to  the  condition  that  Ij  -j-  I,  -f  I3  -f- 1^=  o, 
and  we  see  that  the  only  possible  distribution  is  that 
obtained  by  summing  the  three  simpler  distributions 
above  named. 

^Vhen  I  amperes  are  put  in  at  i  and  withdrawn  at 
4,  let  the  potential  difference  from  2  to  3  be  JK  I. 

^Vhen  I  amperes  are  injected  at  2  and  withdrawn 
at  4,  let  the  potential  difference  from  2  to  3  be  ^  I. 

And  when  I  amperes  are  injected  at  3  and  withd^aw^a 
at  4,  let  the  potential  difference  from  2  to  3  be  y  I, 
where  K,  jS  and  y  are  constants  of  the  network. 

Then,  ob\-iously,  when  Ij,  I,,  I3  and  I^  are  the  currents 
entering  the  network,  the  potential  difference  from  2 
to  3  will  be  Kit  +  PI2  +  y  I3. 

Ii,  I2  and  I3  are  independent  of  each  other  ;  we  can 
give  them  any  values  we  like,  and  the  above  expression 
for  the  potential  difference  between  2  and  3  must 
always  be  true. 

Let  us  then  make  Ii=o,  13=  —  I,  (when,  of  course, 
I_j  =  o).     The  potential  difference  from  2  to  3  is  then 

(P  -  y)  U 

But  here  we  have  Ij  entering  the  network  at  2  and 
leaving  the  network  at  3,  and  no  other  currents  entering 
or  leaving,  and  I2  produces  a  potential  difference 
(j8  _  y)  i^ ;  hence  (/S  —  y)  must  be  the  resistance  of  the 
network  between  the  terminals  2  and  3  which  would 
be  measured  by  a  Wheatstone  bridge.  Call  this 
resistance  value  R,  and  we  have 

R=03-y). 

Again,  since  I  amperes  entering  at  3  and  leaving 
at  4  produce  a  potential  difference  from  2  to  3  of  y  I 
and  the  arrangement  is  symmetrical  about  the  plane 
X  X,  it  follows  that  I  amperes  entering  at  1  and  leaving 
at  2  will  also  produce  a  potential  difference  from  2 
to   3    of  y  I. 

By  inserting  in  the  expression  K  Ij  -f/3  I2  -f  y  I3  the 


values  I: 
from  2  to 

Hence 


_  Ij ;   13=0;  we  obtain,  potential  difference 
3=(K-^)I,. 

K-^=y,     or     K=(/3-fy). 


From  which  we  obtain- 


iS 


K  -f  R 


K  -  R 


7 


We  may  therefore  write  the  potential  difference  from 
2  to  3  in  the  form 

/K-fRN,         /K-R\^ 
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If  this  be  true  of  a  network,  it  is  true  of  a  solid 
conductor  symmetrical  about  a  central  transverse 
plane.  We  have  made  no  assumptions  regarding  the 
size  and  complexity  of  the  network,  nor  with  regard 
to  the  resistances  of  individual  portions  of  the  network  ; 
hence  our  result  appUes  equally  to  a  hypothetical  net- 
work the  meshes  of  which  are  of  microscopic  proportions 
and  so  artfully  arranged  that  the  conductivity  of  the 
network  (in  bulk)  is  equal  in  all  directions,  while  its 
specific  resistance  (in  bulk)  is  equal  to  that  of,  say, 
copper,  manganin  or  other  material.  For  the  purpose 
of  our  problem,  such  a  network  is  equivalent  to  a  solid 
conductor. 

We  may,  therefore,  apply  this  result  to  the  case  of 
our  shunt.  We  assume  as  before  that  the  main  currents 
Ii  and  I4  are  led  into  and  away  from  the  shunts  at 
localities  (corresponding  to  i  and  4  of  the  network) 
so  far  removed  from  the  high-resistance  strips  that 
the  valiJe  of  K  is  not  affected  by  the  precise  method 
of  introducing  and  withdrawing  the  current. 

The  terminals  2  and  3  of  the  network  correspond 
to  the  potential  terminals  of  the  shunt. 

K  is  the  constant  of  the  shunt  ; 

R  is  the  terminal  resistance,   as  previously  defined. 

The  potential  difference  at  the  potential  terminals 
is  then,   as  we  have  seen. 


K.,.(-f 


R\  ^         /K  -  R\ 


where  Ii  is  the  main  current  entering  the  shunt,  I2 
and  I3  are  the  currents  entering  the  shunt  at  the  potential 
terminals. 

Multiple  Shunt. 

With  this  prehminary,  we  are  in  a  position  to  con- 
sider the  multiule  shunt. 


shunts  are  i',,  ",,  etc.,  .  .  .  r„,  and  at  the  negative 
terminals  v' ,  v  ,  etc.,  .  .  .  v' . 

Like  terminals  are  connected  to  the  star-points 
X  and  s'  by  equalizers  of  resistance  ;". 

The  potential  values  of  the  star-points  are  Vq  and  v'^  ; 
the  milliammeter  is  connected  between  s  and  s'  and 
the   resistance   of   its   circuit   is   r' . 

The  current  through  the  instrument  is  I'o,  so  that 
'0=  {Va  —  v'^lr'. 

If  we  use  the  symbol  S"  for  the  algebraic  summa- 
tion of  n  similar  quantities,  we  have  for  the  total 
current  flowing  in  the  group  of  conductors 


We  will  assume  n  conductors  (Fig.  9)  in  parallel, 
each  connecting  to  a  similar  shunt-unit  having  "  con- 
stant "  K,  and  "  terminal  resistance  "  R.  The  currents 
flowing  in  the  conductors  towards  the  shunts  are  Ij, 
Ij,  etc.,   .   .  .  I„. 

The  potential  values  at  the  positive  terminals  of  the 


2"  I  =  Ii   +  I.  +    ■    ■    •    +  I«  = 
2"  V  =  Ui  -[-  fj  4-    .    .    .     -^Vn 
S'>'=  v\  -fl'2-f    .    .    .    -f  tC 


I 


and  so  on. 

The  algebraic  sum  of  all  the  currents  arriving  at  s 
from  the  various  shunts  is  equal  to  ia  and  this  is  equal 
to  the  current  leaving  s' . 

^^'e  may  write  these  conditions  in  the  form  : — 

2"  Z)  —  «  z^o  =  »"  «o 
—  S"  J''  -t-  n  !'o  =  V  io 
Hence  Si  {v  —  v')  =  2  r  /q  +  '^  ('-'o  —  ''o) 


and 


;,^Uv 


+  r' 


The  expression  on  the  left-hand  side  is  the  average 
potential  difference  of  the  shunt  units,  and  we  observe 
that  to  is  proportional  thereto. 

From  our  pre\'ious  work,  we  can  write 


2i  {V  -  w')  =  K  S"  I 


K  -)-  R 


Si  i 


K  -  R, 


where  Si  i  represents  the  algebraic  summation  of  all 
the  cuiTents  in  the  equalizers  flowing  towards  s,  and 
2"  i'  the  algebraic  sum   of  those  flowing  away  from  s'. 


Now 
Hence 


i.u  =  i,:i'-- 


Si  {v  —  f  , 


R 


and  we  have  finally 

K  R 


2  r 

--  +■>■ 
n 


It  will  be  seen  that  this  is  precisely  the  expression 
we  should  expect  if  all  the  shunt-units  were  conglomer- 
ated into  a  single  large  shunt. 

K/«  would  be  the  new  constant. 

R/m  would   be  the   new  terminal  resistance. 

—  I  —  —  /o    would    be    the  potential  difference    at    the 
n  n  J 

shunt  terminals.  "> 

2  Y 

\-  r'   would    be  the  resistance  of   the  miUiammeter 

n 

together  with  its  leads. 
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We  may,  as  usual,  neglect  the  correction  for  the 
fact  that  the  current  I'o  is  side-tracked,  and  we  then 
obtain 


K 


,1 


It  will  be  seen  that  there  is  no  difficulty  in  deter- 
mining the  equivalent  resistance  of  the  instrument 
leads  due  to  the  cat-o'-nine  tails  formation  of  the 
equalizers. 

We  assume  that  the  equahzers  form  part  of  the  in- 
strument leads,  that  all  the  positive  tail-ends  are  bunched 
together  at  a  common  terminal,  and  that  the  negative 
tail-ends  are  similarly  treated.  It  then  follows  that 
the  resistance  of  the  instrument  circuit  is  to  be  taken 
as  that  included  between  the  common  terminals  at 
which  the  positive  and  negative  tail-ends  are  bunched. 

Or,  we  may  look  at  the  matter  in  the  following 
light  : — Since  «o  is  independent  of  the  actual  distribu- 


FlG.    lO. 

tion  of  current  among  the  shunt-units,  we  may  consider 
the  current  equally  distributed. 

Again,  since  to  is  independent  of  any  differences  of 
value  of  Vi,  Vz,  v^,  etc.,  we  may  assume  the  case  where 
these  are  all  equal.  This  being  so,  v' ,  v  ,  v  will  be 
the  same,  and  the  group  of  shunts,  though  actually 
subdivided,  may  be  regarded  as  a  single  unit  with  a 
number  of  potential  terminals  "all  at  the  same  potential 
values. 

It  is  clear  that  in  such  a  case  we  should  calculate 
the  resistance  of  the  instrument  with  its  leads  on  the 
assumption  that  the  tail-ends  were  all  in  parallel. 

We  may  use  any  arrangement  of  equalizers,  provided 
the  path  from  the  instrument  terminal  to  each  potential 
terminal  is  identical.  Where  the  number  of  shunt- 
units  is  4,  8,  i6,  etc.,  a  convenient  arrangement  is 
shown  in  Fig.   lo. 

In  any  case,  all  we  have  to  do  in  determining  the 
equivalent  resistance  of  the  instrument  leads  is  to 
consider  the  tail-ends  bunched  at  common  terminals,  as 
e.xplained. 

.■V  further  matter  of  interest,  though  perhaps  of 
small  utility,  is  that  shunts  of  varying  carrying  capacity 
may  be  assembled  in  parallel,  the  necessary  conditions 
being  that 


Ki  :  K^  :  Kj,  etc.,  =  R^  :  R,  :  R,.  etc.,  =  y,  : 


etc. 


that  is  to  say,  shunts  having  various  K  values  may 
be  paralleled  provided  their  resistances,  as  also  the 
resistance  values  of  the  corresponding  equalizers  are 
in  the  same  proportion.  A  little  consideration  will  suffice 
to  show  that  this  is  so.* 

In  determining  the  cross-section  of  the  equalizers 
regard  must  be  paid  to  the  possible  differences  of 
potential  between  their  ends  so  as  to  avoid  too  great 
equalizing  currents,  and  for  this  purpose  it  is  as  well 
to  arrange  that  all  the  connecting  conductors  are  well 
clamped  together  on  either  side  of  the  group  of  shunt- 
units.  Generally  speaking,  short  wires  of  small  section 
are   sufficient   for  the   equalizers. 

Referring  to  the  staggered  arrangement  in  Fig.  3, 
consider  two  shunts  displaced  by  12  ft.  The  potential 
difference  between  like  terminals  will  be  of  the  order 
of  o-i  volt.  A  No.  14  manganin  wire  12  ft.  in  length 
would  have  a  resistance  of  about  o  ■  5  ohm  and  the 
equalizing  current  would  be  of  the  order  of  0-2  ampere. 

The  equalizers  form  part  of  the  necessary  "  swamp  " 
of  the  milliammeter  and  are  not  to  be  considered,  there- 
fore,  as  affecting  the  sensitivity  of  the  instrument. 


APPENDIX. 

j\lr.  A.  E.  Moore  has  kindly  supplied  the  following 
results  of  tests  made  by  himself  in  the  College  of 
Technology  at  Manchester. 


Test  i. 

Four  150-ampere  shunts  each  having  a  K  value  of 
0-0005052  ohm  were  connected  in  parallel,  being  bolted 
to  busbars  as  in  Fig.  i.  Each  potential  terminal  was 
connected  to  a  star-point  hy  a  lo-ohm  equalizer.  The 
potential  differences  across  the  shunts,  and  across 
the  star-points  were  measured  by  means  of  a  poten- 
tiometer, while  the  main  current  was  measured  by 
means  of  the  potentiometer  connected  to  a  standard 
o-ooi-ohm  resistance. 

The  average  drop  on  the  shunts  (see  Table  i)  is,  in  all 
cases,  ver\'  close  to  the  drop  between  the  star-points. 
It  is  to  be  noted,  however,  that  when  the  shunts  are 
not  tight  on  the  bars,  the  drop  on  an  individual 
shunt  is  very  variable  owing  to  the  changing  resist- 
ances between  the  contacts  at  the  bars  and  the 
shunt  blocks.  While  it  was  not  possible  to  get  a 
steady  observation  of  the  potential  difference  on  indi- 
vidual shunts  with  loose  contacts,  the  potential  difference 
across  the  star-pomts  remained  quite  constant,  no  varia- 
tion being  detectable  with  the  potentiometer.  These 
remarks  apply  to  all  the  observations  made. 

*  The  "constant"  ot  the  combination  may  be  expressed  in  terms  of  the 
K,  R  values  of  any  one  ^hunt  and  the  r  values  of  the  various  equalizers,  thus  : 

K,I  =  [R,-)-2r.-|-r',-,i:';3]/„ 

Reference  Is  called  to  .\lbert  Campbell's  paper  on  "Shunt  Resistances  and 
Temperature  Compenaation  for  Ammeters,"  Journal  l.E.E-,  1905,  vol.  35,  and 
"  Resistances  with  Current  and  Potential  Terminals,"  by  G.  F.  C.  Searle,  F.R.S., 
Electrician,  1911,  vol.  66,  pp.  999  and  1029,  vol.  67,  pp.  12  ana  54. 
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Test  2. 

Observations  (see  Table  2,  page  669)  similar  to  those 
in  Test  i  were  made,  but  the  potential  terminals  on 
the  shunts  were  connected  to  star-points  by  means  of 
short  pieces  of  twin  flexible  copper  wire,  each  about 
75  cm.  long,  and  of  70/40  strands. 

A  millivoltmeter  was  now  connected  to  the  star- 
points,  and  the  following  results  were  noted  : — 


Total 
Amperes 

MilUvolts 

Remarks 

496-6 
496-6 

62-33 
62-52 

Shunts  as  in  C,  Table  2 
All  shunts  tight  on  bars 

In  the  last  set  of  observations  the  potential  differences 
across   the   individual   shunts   were   not   noted. 

There  was  subsequently  reason  to  beUeve  that  the 
contact  resistance  at  the  ends  of  the  flexibles,  which 
were  merely  twisted  together,  was  not  so  good  as  it 
might  have  been,  and  that  the  small  discrepancies 
noted  were  in  part,  at  least,  due  to  this  cause. 


Test  3. 

In  this  case  the  star-points  were  made  up  with 
manganin  wire,  each  piece  being  about  50  cm.  long, 
and  of  No.  16  S.W.G. 

The  main  current  was  again  maintained  at  496-6 
amperes  and  the  potential  differences  between  the 
star-points  were  noted,  with  and  without  the  milli- 
voltmeter connected  thereto  (see  Table  3). 


The  current  calculated  by  dividing  the  millivolts 
in  the  last  column  by  the  resistance  of  the  shunts 
=495-1  amperes. 

It  will  be  observed  that  the  resistance  of  the  equa- 
lizer leads  were  higher  in  this  test  than  in  Test  2 
owing  to  the  substitution  of  manganin  equalizers  for 
the  copper  flexibles.  This  accounts  for  the  slightly 
lower  reading  of  the  millivoltmeter  with  the  same 
total  current  passing.  The  resistance  of  the  milli- 
voltmeter was  about  5  ohms. 


Test  4. 

In  this  test,  three  150-ampere  shunts,  and  one 
500-ampere  shunt  were  connected  in  parallel  to  the 
copper  distributing  bars.  The  150-ampere  shunts  were 
connected  to  the  star-points  by  means  of  lo-ohm 
equalizers,  and  the  500-ampere  shunt  by  3-ohm 
equalizers. 

A  reflecting  galvanometer  was  used  as  the  milli- 
voltmeter on  the  star-points. 


Reading 

of 
Galvano- 

Main 
Amperes 

Remarks 

meter 

240 

490-5 

All  shunts  tight  on  bars 

240 

490-5 

500-amp.  shunt  loose  both  ends 

240 

490-0 

500-amp.  shunt  removed  from  bars 

240 

490-0 

500-amp.  shunt  resting  on  bars 

240 

490-2 

500-amp.  shunt,  one  end  tight  on  bar 

240 

489-7 

500-amp.  shunt,  other  end  tight  on  bar 

240 

490-5 

All     three     150-amp.     shunts     loose, 
500-amp.  tight 

240 

491-5 

All  the  shunts  loose  on  the  bars 

Table  i. — Observations  in  Test  i. 


Total 
Current 

P.D.  on  Shunts,  Millivolts 

Mean  Shunt 
P.D. 

P.D. 
Between 

Star-points 

Current  Calcu- 

(I) 

(=) 

(3) 

(4) 

Star-point  P.D. 

A. 

.■•nps. 
502-5 

64-87 

65-67 

61-25 

61-78 

63-39 

63-4 

Amps. 

502 

B. 

502-5 

8l-2 

8o-9 

86-1 

5-7 

63-47 

63-4 

502 

C. 

502-5 

10-8 

94-8 

86-4 

C>3-5 

63-9 

63-4 

502 

D. 

502-5 

79-37 

0-0 

87-87 

86-8 

63-51 

63-4 

502 

E. 

502-5 

79-1 

o-o 

87-75 

86-8 

63-41 

63-4 

502 

A.  All  the  shunts  were  clamped  tightly  on  to  the  copper  busbars. 

B.  Shunt  No.  4  was  just  laid  on  the  bars. 

C.  All  the  shunts  were  just  laid  on  the  bars. 

D.  Shunt  No.  2  was  isolated  from  one  bar,  and  tight  on  the  other. 

E.  Shunt  No.  2  was  isolated  from  both  bars. 
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Table  2. — Observations  in  Test 


Total  Current 

P.D.  on  Shunls,  millivolts 

Meanof  P.D. 
on  I,  2,3,  4 

62-67  _ 

P.D.  Between 
Stars 

Current  Calcu- 
lated from 
Star  PD. 

(t) 
61-65 

(2) 
61-39 

(3) 
65-0 

(4) 
62-65 

A. 

amps. 
496-6 

62-65 

496-0 

B. 

496-6 

1 10 -9 

2-3 

117-3 

17-9 

62-1 

62-45 

494-5 

C. 

496-6 

87-2 

70-3 

91-05 

2-2 

62-69 

62-4 

494-1 

A.  All  shunts  clamped  tightly  on  to  the  copper  busbars. 

B.  Shunts  Nos.  2  and  4  laid  loosely  on  bars. 

C.  Shunt  No.  2  loose  at  one  end  and  tight  at  the  other.  No.  4  isolated  at  one  end  and  tight  at  the  othen 

Table  3. — Observations  in  Test  3. 


Total  Current 

Reading  on 
Milli  voltmeter 

Potential  Differences 

on 

Shunts  (Millivolts) 

Mean  Potential 
Differences 

I 

P.D.  between  Stars 

with 
Millivoltmeter 

(I) 

(2) 

<3) 

(4) 

without 
Millivoltmeter 

A. 
B. 

Amps. 
1         496-6 

i 

496-6 

61  -9 
62-0 

60- 
18- 

7              61-4 
2              55-3 

63-45 
87-75 

65-2 
89-7 

62-69 

62-74     1 

61  -92 
62-0 

62-66 

62-75 

A.  All  the  shunts  were  tight  on  the  copper  bars. 

B.  All  the  shunts  were  just  laid  on  the  copper  bars. 
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Summary. 

The  first  four  sections  of  the  paper  describe  the 
introduction  of  valves  into  naval  wireless  telegraph 
installations,  and  the  early  work,  expe  imental  and 
theoretical,  on  the  elucidation  of  their  obsers'ed 
behaviour. 

Section  5  deals  with  the  principles  of  the  numerical 
design  of  power  valves,  more  particularly  triodes,  and 
with  the  rapid  development  of  the  manufacture  of 
valves  so  designed. 

The  three  following  sections,  6,  7,  8,  deal  with  the 
investigation  and  improvement  of  small  valves  for  use 
in  reception,  including  both  high-vacuum  and  gas- 
filled  types. 

Successive  stages  of  approximation  in  the  calcu- 
lation of  the  characteristics  of  small  valves  with  low 
operating  voltages  are  illustrated  in  section  9,  the  final 
result  of  calculation  indicating  the  degree  of  closeness 
with  which  the  observed  behaviour  of  a  high-vacuum 
valve  can  be  accounted  for  in  terms  of  known  physical 
phenomena. 

The  concluding  section  deals  with  the  standardization 
of  valves  and  their  specification  for  quantity  production. 

(i)  Introduction. 

The  thermionic  valve  passed  during  the  period  of 
the  war  through  all  the  various  stages  of  the  transition 
from  an  instrument  the  value  of  which  was  already 
recognized,  but  whose  operation  was  erratic  and  theory, 
obscure,  to  a  product  as  reliable  and  as  thoroughly 
standardized  in  manufacture  as  the  incandescent  lamp, 
and  in  addition  capable,  as  regards  all  the  main  prin- 
ciples of  its  action,  of  explanation  in  terms  of  well- 
established  principles  of  physical  science,  some  of 
which  had  waited  long  for  so  definite  an  application. 

This  paper  traces  the  course  of  this  transition,  as 
exemplified  by  the  valves  of  various  kinds  with  the 
development  of  which  the  wireless  telegraphy  depart- 
ments of  H.M.S.  "  Vernon,"  and  later  of  H.M.  Signal 
School,  Portsmouth,  were  concerned. 

The  contributions  of  various  laboratories  and  works 
to  the  work  described  amount  to  a  considerable  pro- 
portion of  the  whole,  but  the  author  hopes  that,  in  the 
endeavour  to  distinguish  such  contributions,  at  least 
no  injustice  has  been  done. 

Similarly,  references  are  given  to  such  published 
work,  mostly  of  relatively  early  date,  as  influenced 
the  course  of  development  of  the  series  of  valves  de- 
scribed, but  no  attempt  has  been  made  to  refer  to  the 
considerable  volume  of  work  recently  published. 

The  subjects  of  consideration  relate  to  valves  them- 
selves,   rather   than    to    their    mode    of   action    in    the 


electrical  circuits  in  which  they  are  used,  and  include 
the  investigation  of  the  special  properties  of  valves  of 
various  kinds,  and  the  methods  of  design,  manufacture, 
and  standardization,  as  far  as  these  were  developed. 
This  treatment  of  the  subject  has  necessarily  made  the 
current/voltage  characteristics  observed  under  steady 
current  conditions  the  criterion  both  as  to  the  pheno- 
mena within  the  valve,  and  as  to  its  probable  action 
in  a  given  circuit. 

Among  the  valves  described  as  "  high  vacuum," 
that  is,  valves  whose  behaviour  is  in  large  measure 
independent  of  variations  in  such  traces  of  residual 
gas  as  they  may  contain,  those  valves  which  are  de- 
signed for  power  circuits  providing  operating  voltages 
of  hundreds  or  thousands  of  volts  fall  for  many  reasons 
into  a  class  clearly  distinct  from  the  valves  used  in 
reception,  where  the  operating  voltages  are  measured 
by  tens  of  volts,  seldom  nowadays  bv  hundreds,  and 
where  the  quantities  of  energy  controlled  by  the  valve 
are  relati\'ely  minute. 

If  apology  is  needed  for  the  space  occupied  by  the 
description  of  "  soft  "  valves,  that  is,  ^•alves  whose 
action  is  dependent  in  one  way  or  another  on  the 
presence  of  gas,  it  may  be  pointed  out  that  no  one 
can  expect  to  understand  the  faults  and  limitations 
of  so-called  "  high  vacuum  "  valves  who  has  not  some 
understanding  of  the  action  of  valves  which  contain 
gas   in   more  than   negligible  quantity. 

(2)  The   Application    of   Early   Valves   to   Naval 
Wireless. 

At  the  outbreak  of  the  war  one  of  the  chief  problems 
before  the  wireless  telegraphy  department  of  H.M.S 
"  Vernon  "  was  to  find  a  good  method  of  continuous- 
wave  reception.  This  was  more  particularly  pressing 
because  Poulsen  arc  generators  of  various  powers 
were  already  in  a  well-developed  state.  Small  arcs 
had  also  been  on  trial  as  local  oscillation  generators 
for  heterodyne  reception,  but  small  arcs  tend  to  be  more 
troublesome  than  large  ones,  and  the  smallest  con- 
veniently manageable  at  the  time  were  of  a  power 
greatly  in  excess  of  what  was  reall)'  needed  for  use 
in  reception.  With  these  arcs,  however,  it  had  been 
clearly  established  that  the  use  of  the  heterodyne 
itself  gave  enhanced  sensitivity.  It  may  be  reniarked 
here  that  the  order  of  sensitivity  so  attained  was  deemed 
sufficient  for  all  purposes  in  view,  and  there  was  no 
question  at  that  time  of  developing  amplifiers  for  use 
on  any  large  scale. 

Hence  it  was  as  a  generator  of  low-power  oscillations 
that  the  valve  came  to  make  its  first  appearance  as 
a  component  of  a  naval  installation.  The  advantages 
of  eliminating  the  less  steady  of  the  two  arcs,  and  at 
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the  same  time  substituting  a  generator  of  a  more  nearly 
suitable  order  of  power,   were  obvious  from  the  first. 

For  heterodyne  reception  the  existence  and  stability 
of  the  local  oscillation  arc  the  important  matters  rather 
than  its  actual  strength,  and  it  seems  in  retrospect 
that  this  requirement  was  a  very  simple  one  to  satisfy. 
Ahnost  any  triode  valve  will  fulfil  it  if  suitably  con- 
nected. Indeed,  this  elasticity  influenced  the  develop- 
ment of  the  valves  up  to  a  very  late  stage  ;  and  rigidity 
of  specification,  for  instance,  was  an  unnecessary  luxury 
as  long  as  this  simple  requirenrent  was  the  only  one. 

In  the  early  days,  however,  the  standpoint  from 
which  we  viewed  the  valve  and  its  ways  was  somewhat 
different.  The  first  duty,  and  at  the  same  time  the 
first  opportunity  for  beginning  the  study  of  the  valve, 
was  to  exaniine  and  regulate  the  behaviour  of  certain 
concrete  instruments.  The  two  instruments  receiving  the 
most  attention  embodied  respectively  the  ultraudion 
circuit  (shown  in  Fig.  2)  and  De  Forest  "  audion," 
and  the  Lieben  circuit  of  Fig.   i  with  one  of  Round's 


to  this  day  the  author  makes  no  claim  to  any  clear 
comprehension  of  it.  This  \-alve  is  mainly  dependent 
on  a  true  multiplication  of  the  ionic  current  by  collision, 
giving  poor  results  unless  the  gas  pressure  is  high. 
Now  most  people  who  have  taken  up  the  study  of 
valves  have  tended  to  exaggerate  the  importance  of 
positive  ions  derived  from  the  gas.  The  properties 
of  this  particular  valve  went  to  confirm  us  in  this  error 
for  some  considerable  time.  That  was  one  source  of 
difficulty.  The  electro-dynamics  of  the  ultraudion 
circuit,  again,  are  by  no  means  so  simple  as  those  of 
the  Lieben,  even  when  all  the  essential  electrical  com- 
ponents are  recognized.  The  inventor's  diagram  does 
not  show  them  all,  and  one  at  least,  of  the  greatest 
theoretical  importance,  had  to  be  separately  discovered. 
Further,  the   soft  audion  was  a  bad  valve  for  use   in 


Fig.   1. — Lieben  circuit  heterodyne;   Kound  valve. 


Fig.  2. — Modified  ultraudion  receiver;  audion  or  R2  valve. 


earlier  valves.  Sets  of  this  latter  type,  though  event- 
ually superseded,  were  in  use  to  a  considerable  extent 
at  one  time.  They  had,  however,  the  disadvantages 
of  high  anode  voltage,  excessive  filament  current,  and 
the  high  mortality  of  platinum  filaments  working  near 
their  fusing  point. 

The  first  general  principle  to  be  thoroughly  under- 
stood by  us  was  that  of  the  stability  of  the  oscillation 
in  this  Lieben  circuit,  namely,  that  the  resistance  of 
the  oscillatory  circuit  should  be  less  than  the  product 
of  the  ratio  of  the  mutual  inductance  to  the  oscillatory 
capacity  into  the  rate  of  change  of  anode  current  with 
grid  voltage.  The  establishment  of  this  principle 
directl)'  from  the  fundamentals  of  electro-dynamics  by 
Professor  Fortescue  in  December  1914,  and  its  verifica- 
tion with  the  apparatus  available,  were  a  comforting 
beginning.  Allied  subjects  of  study  were  less  promising. 
The  internal  action  of  the  Round  valves,  with  their 
relatively  high  gas  pressure,  high  anode  voltage,  and 
necessarily  extremely  close  grid  is  very  complex,  and 


careful  experiment.  In  this  valve,  as  was  demonstrated 
by  G.  B.  Bryan  at  Greenwich  in  the  winter  of  1914-15, 
the  equilibrium  determhiing  the  amount  of  free  gas 
present  in  the  valve  at  a  given  moment  was  very 
easily  disturbed  by  any  marked  change  in  adjustments. 
Reliable  du-ect-current  characteristics  and  other  similar 
observations  on  the  valve  itself  were  difficult  to  obtahi. 
Flowever,  the  complication  of  the  circuit  would  in 
any  case  have  obscured  the  real  connection  between 
the  characteristics  of  the  valve  and  its  functions  m 
operation.  The  sets  of  this  type  were  developed  by 
direct  trial  using  the  audion  as  then  available.  The 
circuit  seems  peculiarly  suited  for  use  with  valves  of 
varying  properties,  and  a  good  deal  of  solid  progress 
was  possible  in  spite  of  ignorance  of  the  principles 
concerned. 

The  "  missing  link  "  in  the  circuit  diagram  was  the 
capacity  S3  in  Fig.  2  from  the  grid  side  of  the  oscillatory 
circuit  to  the  filament,  that  is,  usually  to  earth.  The 
importance  of  this  became  sufficiently  obvious  experi- 
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mentally.  If,  as  at  first,  it  was  left  as  a  mere  dis- 
tributed capacity  of  leads,  ends  of  coils,  etc.,  the  set 
was  iickle  in  action,  oscillations  coming  and  going 
with  the  movements  of  the  hand  of  the  operator.  Such 
occurrences  were  common  enough  iia  later  work,  and 
we  were  perhaps  luclvy  in  starting  with  an  example 
the  cause  of  which  was  so  easy  to  run  to  earth.  The 
insertion  of  an  actual  capacity,  even  though  as  little 
as  20  micro-microfarads,  gave  a  marked  improvement 
in  stability  and  was  embodied  in  various  naval  sets  of 
this  type.  Re-arrangement  of  the  circuit  diagram 
eventuaJIy  provided  the  explanation  of  the  action. 


at  radio  frequency  in  L  and  S,  and  the  other  at  audio 
frequency  in  T,  L3,  Si.  The  advantages,  such  as  they 
are,  of  reaction  at  audio  frequencies  were  therefore 
available. 

In  the  fully  developed  circuit  of  Fig.  2,  therefore, 
a  single  valve  acted  as  generator  of  radio-frequency 
oscillations  and  rectifying  detector  with  reaction  ampli- 
fication at  audio  frequency  for  one  beat  note,  and,  it 
may  be  added,  for  one  value  of  the  coupling  between 
the  aerial  and  secondary  circuits.  This  circuit  was 
singularly  little  perturbed  by  changes  01  wave-length 
or  of  valve  characteristics,  these  last  being  particularly 
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The  chxuit  of  Fig.  3  {a),  so  obtained,  is  clearly  analogous 
to  that  of  Fig.  3  (6),  and  this  again  to  the  generalized 
oscillatory  circuit  of  Fig.  3  (c),  the  action  of  which  is 
explained  in  one  of  Fortescue's  recent  papers.*  In 
Fig.  2  will  be  seen  a  choke  coil  L3  of  some  henries' 
inductance  between  the  filament  and  grid.  This  was 
added  to  the  origiiaal  ultraudion  circuit  with  the  object 
of  controlling  the  grid  potential  without  disturbing  its 
radio-frequency  action,   but  it  also  provided   the   first 


Fig,  4 . — Modified  ultraudion  heterodyne  ; 
R4  valve. 


audion,  R2,  or 


variable  in  the  early  audions.  Still,  a  receiver  of  this 
sort,  covering  a  wave-range  of  300  to  10,000  metres 
and  prepared  for  valve  variations,  had  an  elaborate 
wiring  diagram  and  many  operatmg  handles.  It  was 
not  a  good  form  for  introducing  a  novel  type  of  instru- 
ment. Its  versatility  had  uses,  however  ;  for  when  a 
shortage  of  audions  at  one  time  occurred  the  resourceful 
obtained    serviceable    results    with    the    "  Q  "    valve. 


example  known  to  us  of  the  circuit  of  Fig.  3  (c) ,  of  which 
this  inductance  L3,  together  with  that  of  the  t-.lephones 
T,  and  the  capacity  of  the  grid  coupling  condenser  Sj 
form  the  essential  components,  the  remaining  circuit 
components  in  Fig.  2  being  inactive  at  audio  frequencies. 
The  receiver  could  be  adjusted  in  such  a  way  that  two 
sets  of  oscillations  were  simultaneously  produced,  the  one 

*  C  L.  FORTESCUE  :  Radio  Review,  1919,  vol.  i,  p.  83. 


Fig.  5. — Ultraudion  receiver,  improved  and  simplified  ; 
Q  or  R4  valve. 


whose   characteristics   differ   extremely   from    those   of 
the  soft  audion. 

Simplifications  of  this  circuit  were  therefore  made  at 
different  times.  The  first  was  a  simplification  of  func- 
tion, and  simple  heterodyne  sets  were  made  (Fig.  4) 
for  use  with  a  crystal  detector,  leaving  the  spark 
reception  circuits  practically  untouched.  These  sets, 
it  \\dll  be  seen,  employed  the  capacity-coupled  circuit 
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of  Fig.  3  (a)  and  call  for  no  comment  here,  except  that 
with  them  was  done  most  of  the  continuous-wave 
reception  in  both  small  and  .large  vessels.  Later  sets 
were  simplified  as  reghrds  operation,  retaining  the  full 
multiple  functions  of  the  valve.  They  took  the  form 
of  Fig.  5,  which  is  the  same  as  Fig.  3  (c)  with  the  audio- 
frequency circuit  superadded,  and  showed  in  many 
ways  the  advantages  that  come  with  a  clear  compre- 
hension both  of  how  a  set  works,  and  of  what  purpose 
it  is  intended  to  serve.  Such  improvements  in  style 
are  of  slow  growth  ;  in  this  case  study  of  the  valve, 
with  which  this  paper  is  chiefly  concerned,  was  one 
of  the  essentials. 

(3)  Preliminary  Experimental  Studies. 

So  much,  then,  may  be  said  about  the  circuit  arrange- 
ments which  were  employed  when  valves  first  came 
into  service  use.     For  the  functions  of  the  valve  in 
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Fig.  6  (a). — Round's  "  C  '   valve,  filled  with  nitrogen  at 
031  mm.  pressure. 

some  of  the  cucuits  later  de\eloped  reference  can  be 
made  to  three  papers  already  published  by  Professor 
Fortescue.*  We  now  pass  on  to  work  in  what  is,  in 
most  of  its  aspects,  an  entirely  different  field.  This  is 
the  study  of  the  mechanism  of  electrons,  ions,  electro- 
static fields  and  so  forth,  the  action  of  which,  sometimes 
intricate,  somet  mes  simple,  underlies  the  observed 
electrical  characteristics  of  valves  of  various  types. 

As  already  mentioned,  the  start  was  made  in  the 
direction  of  what  proved  to  be  somewhat  of  a  cul-de-sac. 
However,   we  struggled  along  for  some  distance  with 

•  C.  L.  FORTESCIE :  (l)  Procetdings  of  the  Physical  Society,  1919,  vol.  31, 
P-  319;  (2)  British  Association  Report  1919;  Radio  Review,  1919,  vol.  I,  p.  83; 
(3)  Journal  I.E.E.   1920,  vol.  58,  p.  65 ;  Radio  Review,  1920,  vol.  i,  p.  178. 


the  investigation  of  the  Round  valve,  and  foimd  out 
a  good  many  things  besides  our  immediate  object, 
which  was  the  effect  of  the  positive  ions  from  the  gas, 
the  peculiar  importance  of  which  is  perhaps  confined 
to  valves  of  this  tj-pe. 

The  valves  as  received  sometimes  contained  much 
too  Httle  gas,  and  to  get  any  action  at  all  the 
filament  had  •  to  be  over-burnt  to  a  very  dangerous 
extent.  An  investigation  of  the  amount  of  gas  actually 
required  was  planned  and,  in  the  case  of  nitrogen  gas, 
was  carried  through,  the  valve  being  connected  up 
for  the  purposes  of  the  experiment  to  a  special 
Sprengel  pump,  McLeod  gauge,  and  gas-filling  apparatus. 
The  construction  of  this  piece  of  plant  was  the 
occasion  of  some  superhuman  efforts  in  the  way  of 
glass-blowing  under  difficulties  on  the  part  of  Lieutenant 
(now  Lieut. -Colonel)  !\forris  Airey.  The  so-called  coal- 
gas  came  from  a  cyhnder,  usually  much  too  eagerly, 
and  no  two  pieces  of  tubing  had  the  same  working 
properties.  The  tangible  results  are  summarized  in 
some  specimen  characteristic  curves  shown  in  Figs.  6  (a) 
and  6  (b),  and  were  confirmed  by  precisely  simdar  work 
carried  out  at  the  National  Physical  Laboratory. 

At  the  same  time,  however,  it  was  brought  home  to 
us,  and  an  attempted  extension  of  the  work  to  the  more 
difficult  case  of  the  audion  went  to  confirm  the  view, 
that  the  rapid  solution  of  problems  relating  to  the 
inside  of  the  valve  was  a  full-time  occupation  for  some- 
one working  under  very  different  conditions,  and  with 
very  different  equipment  from  any  which  could  be  con- 
templated on  board   the  "  Vernon."     Still,    laboratory 


0  I  2  J  f  5 

Grid  tro/Cs 
Fig.  6  (6). — Round's  "C"  valve,  with  trace  only 
(00025  mm.)  of  residual  gas. 

work  was  an  essential  and  we  were  verj'  fortunate  in 
our  opportunities  for  furthering  it. 

Ever  since  the  autumn  of  1914,  work  on  valves  had 
been  going  on  under  Sir  J.  J.  Thomson  at  the  Cavendish 
Laboratory,  Cambridge,  where  the  experiments  of 
Wright  and  Ogden,  and  later  of  \Vhite,  led  up  to  the 
"  White  "  valve.  With  this  work  "  Vernon  "  had  been 
generally  in  touch,  and  it  was  j  ust  when  we  had  arrived 
at  a  proper  sense  of  our  own  difficulties  that  Sir  J.  J. 
Thomson  suggested  arranging  for  Mr.  G.  Stead  to  devote 
liis  whole  time  to  valve  work  at  Cambridge.  This 
solution  of  the  laboratory  difficultv  marked  a  new  stage 
in  the  work  of  valve  development.     Hitherto  we  had 
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had  little  opportunity  of,  as  it  were,  getting  inside  any 
valve.  We  had  been  content  with  comparing  the  con- 
struction and  external  electrical  properties  of  sundry 
types  of  valve.  To  use  a  medical  metaphor,  the  ana- 
tomy and  comparative  physiology  of  the  article  had 
progressed,  but  what  we  were  now  able  to  embark 
upon  was  the  experimental  physiology,  not  to  say 
vivisection,  and,  as  might  be  expected,  we  found  plenty 
to  learn. 

Stead's  early  experiments,  like  those  of  others  work- 
ing on  similar  lines,  were  with  valves  having  electrodes 
which  were  movable  from  the  outside.  The  results 
began  to  dispel  the  prevailing  fog,  but  were  not  fully 
appreciated  until  later.  Progress  with  the  technique 
of  valve  making,  however,  soon  made  possible  a  series 
of  investigations  of  the  audion  under  conditions  of  high 
vacuum,  and  also  when  filled  with  various  gases  vmder 
various  pressures.  These  experiments  showed  how 
wide  were  the  variations  existing  and  permissible  in 
the  audion.  They  were  contemporaneous  with  the 
beginning  of  the  manufacture  of  valves  of  this  type 
in  England.  This  was  undertaken  in  the  summer  of 
igi6  by  the  British  Thomson-Houston  Company,  at 
Rugby,  Mr.  R.  C.  Clinker  submitting  some  samples 
which,  while  generally  as  good  as  the  original,  were  a 
considerable  improvement  on  the  original  in  respect 
of  working  life. 

(/|)  The  Calculation  of  the  "  Grid  Constant." 

At  this  stage  we  were  still  a  long  way  from  a  com- 
prehension of  what  was  going  on  inside  any  valve. 
This  was  perhaps  not  surprising  considering  that  we 
were  proceeding  in  a  physical  problem  by  the  methods, 
to  revert  to  the  former  metaphor,  of  physiology'  rather 
than  those  of  physics.  Phenomena  were  observed, 
and  measurements  made  when  possible,  and  some 
attempt  was  made  at  correlating  results,  but  there 
was  as  yet  no  numerical  analysis  of  the  figures  obtained 
in  the  light  of  established  physical  theory.  In  dealing 
with  an  instrument  containing  so  many  component 
parts  the  geometrical  form  of  which  largely  determine 
its  mode  of  action,  a  theoretical  basis  of  this  kind  is 
immensely  preferable  to  a  large  collection  of  empirical 
formulae.  As  it  turned  out,  the  materials  for  making 
a  start  were  soon  available.  These  were  various 
specimen  valves  of  types  showing  a  closer  approach 
to  a  thorough  and  permanent  exhaust,  judged  by 
modern  standards.  There  was  the  oscillion,  of  which 
more  is  to  be  said  later  in  connection  with  power 
valves  ;  but  the  valves  from  which  the  most  illuminating 
data  came  were  some  small  high-vacuum  valves  ex- 
amined in  the  summer  of  1916.  These  were  a  few 
audions  exhausted  by  some  improved  process,  but 
ordinary  as  regards  the  use  of  the  flat  plate  and  zig- 
zag grid,  and  together  with  these  audions  a  valve  of 
the  kind  which  later  became  so  familiar,  the  cylindrical 
"  French  "  or  "  R  "  valve,  as  our  Army  later  called  it. 
In  spite  of  the  marked  differences  in  their  construction, 
these  valves  gave  current/voltage  characteristics  which 
were  very  closely  identical.  This  was  enough  to  con- 
firm that  the  form  of  these  characteristics  was  governed 
by  principles  more  fundamental  than,  let  us  say,  the 


use  of  any  particular  form  of  electrode.  For  the  eluci- 
dation of  one  at  least  of  these  principles  all  was  ready. 
One  of  the  first  things  to  attract  the  notice  of  most 
observers  of  the  characteristics  of  well-exhausted  valves 
is  the  fact  that,  if  curves  are  drawn  showing  the  variation 
of  anode  current  with  grid  voltage  for  successive  fixed 
values  of  the  anode  voltage,  the  grid  voltage  being 
the  variable  plotted  horizontally  as  in  Fig.  7,  the  effect 
of  changing  from  one  anode  voltage  to  another  is  simplv 
to  displace  the  anode-current  curve  without  sensibly 
altering  its  form.  This  implies  that  the  anode  and  grid 
voltages  are  in  a  sense  interchangeable  ;  a  given  in- 
crease of  anode  voltage,  for  instance,  can  be  counter- 
acted by  a  corresponding  change  of  grid  voltage,  which 
latter  change  is  the  same  at  all  points  of  the  curve. 
Mathematically  speaking,  whatever  be  the  formula 
expressing  the  relation  between  the  anode  current 
and  the  two  voltages,  the  anode  voltage  e  and  the 
grid  voltage  e'  must  always  occur  together  and  in  an 
expression  of  the  form  e/m-\-e'.  The  quantity  m  in 
this  expression  is  thus  a  "  constant  of  the  valve  " 
independent  of  its  current  and  voltage  adjustments. 
To  be  able  to  explain  this  theoretically,  and  to  calculate 
it  numerically  in  certain  practical  cases,  was  as  comfort- 
ing a  first  fruit,   in   \-alve  theory  and   design,   as  had 
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been  the  similar  achievement  for  the  .Lieben  circuit 
already  mentioned. 

When  this  effect  was  first  observed  by  us,  in  the 
oscillion,  the  negative  movement  of  the  curve  on  raising 
the  anode  voltage  was  ascribed  to  a  penetration  into 
the  neighbourhood  of  the  filament  of  lines  of  force — 
electric  force — derived  from  the  anode  and  opening 
a  direct  path  from  filament  to  anode  for  the  electrons 
emitted  by  the  filament. 

Experiments  illustrating  this  by  the  analogy  of 
current  lines  in  a  conducting  sheet  were  suggested  to 
Mr.  Stead,  but  actually  called  forth  something  far 
more  valuable.  This  was  the  communication  by  Sir 
J.  J.  Thomson  of  a  formula  giving  the  proportionate 
effects  produced  at  the  surface  of  the  filament  by  the 
grid  and  anode  voltages.  The  case  given  was  that 
of  a  cylindrical  anode  and  a  grid  of  parallel  wires  spaced 
round  a  smaller  circle.  In  the  notation  most  familiar 
to  those  who  have  used  it  this  formula  gives  the  constant 
ni  as 

_  77  N  (i'  log  (did') 

■'".-       10g[l/(77Nrf,)] 

where  d  and  d'  are  anode  and  grid  diameters  respectively, 
and  dg  the  diameter  of  the  grid  wires  which  are  spaced 
out  at  N  per  cm.,  whether  round  the  circumference 
of  the  grid  cylinder  as  in  Fig.  8  (a),  or  as  successive 
turns  of  a  heliy  as  in  Fig.  8  (6). 
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A  corresponding  formula  for  plane  anode  and  grid 
with  a  plane  instead  of  a  filamentary  cathode  can  be 
obtained  from  Maxwell's  "  Electricity  and  Magnetism," 
1892,  vol.  i,  p.  312,  but  as  cathodes  of  tungsten  in 
the  form  of  an  incandescent  plane  do  not  occur  in 
valves,  it  was  to  the  cylindrical  formula  and  the  speci- 
men French  valve  lent  by  Captain  C.  S.  Wright,  RE., 
that  we  owed  the  establishment  of  this  first  point 
of  primary  importance  in  the  theory  of  the  triode 
\alve.  In  the  French,  as  in  many  other  later  valves 
of  cylindrical  form,  the  observed  and  calculated 
values  of  m  agreed  witliin  about  10  per  cent,  so  one 
property   at   least   was   shown   to    be   calculable.     For 


-_-t_ 


'    was  likely  to  be  a  straightforward  matter  and  that  the 

I   real  need  was  simply  for  valves. 

On  the  theoretical  side  we  were  bj'  then  well  provided 

1  with  material  relevant  to  the  problem.  We  had  had 
enough  experience  of  the  effects  which  progressive 
improvement  in  the  exhaustion  of  a  given  valve  pro- 
duced on  its  characteristics  to  appreciate  the  conditions 
to  which  LangmuLr's  work  on  the  "  pure  electron  dis- 

\   charge  "  might  be  expected  to  apply.     The  main  prin- 

:  ciples  of  the  electrostatic  action  of  the  grid  were 
established,  as  we  have  already  seen. 

In  the  Schenectady  publications  again,  there  was 
information  in  a  strictly  practical  form  concerning 
filaments  for  use  as  sources  of  electron  currents,  and 
more  yet  of  the  same  sort  was  available.* 

With  so  nauch  thoroughly  worked  out  and  verified 
there  was,  it  was  found,  only  one  small  addition  required 
to  bring  all  together  into  a  theory  sufiicientl}^  conrplete 
for  the  design  of  triode  valves,  provided  only  that 
they  should  operate  at  \oltages  10  or  more  times  those 
in  use  for  receiving  \alves.  This  was  to  introduce 
into  LangmuLr's  formulae  for  the  value  of  an  electron 
current,  when  the  determining  factor  is  the  field 
applied  to  draw  it  away  from  the  filament,  terms  en- 
abling the  composite  field  due  to  anode  and  grid  acting 
together  to  be  substituted  for  the  field  due  to  the  single 
collecting  electrode  in  the  diode  cases  covered  by  the 
Schenectady  formute.  The  composite  field  could,  it 
was  found,  be  considered  to  be  equivalent  to  that  set 
up  by  a  single  continuous  electrode  the  surface  of  which 
was  a  plane  or  cylinder  passing  through  the  centres 
of  the  grid  wires,  provided  that  this  electrode  was  at 
a  potential 


Fig.  8. 


the  small  valves  it  was,  as  a  matter  of  fact,  for  a  very 
long  time  the  only  calculable  one,  but  in  another  direc- 
tion we  were  more  fortunate. 


(5)  The  Design  and  Development  of  Power  Valves. 

The  design  and  manufacture  of  larger  valves  for 
use  in  the  power  circuits  of  transmitter  sets,  and  handling 
powers  of  the  order  of  J  kw.  per  valve,  was  fortunately 
a  much  more  straightforw'ard  affair  than  the  develop- 
ment of  new  types  of  receiving  valves.  Indeed  the 
next  chapter  of  the  history  of  valve  development 
dealing  with  these  larger  valves  was  in  point  of  time 
extremely  short,  a  period  of  four  or  five  months  in  the 
winter  of  1916-17  covering  all  the  main  points,  theore- 
tical and  practical.  On  the  practical  side  our  pre- 
liminary experience  had  been  satisfactory  as  regards 
circuits,  tantalizing  as  regards  valves.  Oscillions 
had  been  diflicult  to  obtain  and  barely  up  to  the  desired 
standard  of  reliability.  An  attempt  to  obtain  a  supply 
of  valves  of  this  sort  from  a  source  in  this  country 
for  use  in  a  100-watt  aircraft  set  developed  by  Lieutenant 
Morris  Airey  did  not  make  rapid  progress.  On  the 
other  hand  there  was  a  single  large  pliotron,  obtained 
from  the  General  Electric  Company  of  America,  capable 
of  handling  some  700- watt  power  input,  and  showing 
that   the    development   of   valve   transmitting   circuits 


I  +  i,m 


Taking  this  in  conjunction  with  the  formula  for  the 
rising  portion  of  the  characteristic  of  a  high-vacuum 
diode,  it  was  now  to  be  expected  that  under  conditions 
normally  obtaining  in  transmitting  valves  the  cathode 
current  I,  i.e.  the  total  number  of  electrons  lea\-ing 
the  filament,  in  a  cylindrical  valve  would  be  given 
from  the  given  dimensions  of  the  electrodes,  and  the 
various  combinations  of  the  two  potentials  by  the 
equation, 

I  =  2-92  X  io~"5-_/^ ,    ,,.   amperes 

where  If  is  the  length  of  the  filament  system  measured 
along  the  axis  of  the  concentric  electrode  cylinders. 
Also,  this  amounts  to  establishing  that  under  conditions 
that  the  grid  current  is  negligible,  i.e.  as  long  as  the 
grid  is  negative  or  not  very  positive  to  the  filament, 
the  whole  of  the  cathode  current  goes  to  the  anode, 
giving  an  anode  current, 

I  =  2-92  X  ro-s^^-,^-^--j-^^^^  amperes 

This  vv  s  the  general  formula  taken  as  the  basis  of  the 
design  of  the  characteristics  of  transmitting  valves. 
The  anode-current  grid-voltage  slope  k^  or  d  I/d  e', 

•  DuspMAN  :   General  Electric  Review,  1916,  vol.  18,  p.  156  ;    and  L.VNCMUIR : 
Physical  Revie-,i',   1916,  vol.  7,  p.  302,  and  1913,  vol.  2,  p.  450. 
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is  obtained  in  regions  where  the  grid  current  is  negligible 

by  differentiating  with  respect  to  e' ,  obtaining  : — 

3                            .    h     (e'm  +  eyl' 
Ai  =-  X  2-92  X  10— 5^f-^ — — i^ 

?x        ' 


2      e/tn  +  e' 
The  anode  current  slope,   k^  or  d  IJd  e,  is  similarly 

3  I  ^i 

"      2111      c  III  +  e'      m 

The  ratio  k^/k,  of  the  two  slopes  being  equal  to  m. 

Our  uifonuation  was  less  complete  as  regards  the 
saturation  value  of  the  electron  current  emitted  by  the 
filament.  Tliis  determines  the  height  of  the  horizontal 
portion  of  the  characteristics  reached  when  a  sufficient 
positive  voltage  is  applied  to  either  electrode,  and  is 
itself  determined  by  the  area  and  temperature  of  the 
filament  surface,  but  we  were  fortunate  in  receiving 
from  Professor  O.  W.  Richardson  in  Januaiy  191 7, 
just  when  it  was  wanted,  a  copy  of  a  set  of  curves 
made  for  him  from  the  elaborate  collection  of  numerical 
data  relating  to  tungsten  filaments  published  by  Lang- 
muir  some  months  previously.* 

By  adding  suitable  curves  gi\dng,  from  Langmuir's 
figures  published  elsewhere,  j  the  specific  electron 
emission  of  his  tungsten,  we  became  able  to  calculate 
the  dimensions  of  filaments  to  give  stated  electron 
currents  at  stated  working  currents  or  voltages  and 
at  kno\vn  temperatures,  always  provided  that  the  cor- 
rections to  allow  for  the  ccolmg  of  the  ends  of  the 
filament  should  be  negligible.  This  was  luckily  not 
far  from  being  true,  as  later  demonstrated  by  Stead,  J 
for  the  15-  or  20-volt  filaments  which  we  then  had  in 
mind.  But  in  any  case,  smce  even  the  preliminary 
design  of  an  idealized  filament  without  end  cooling 
adds  three  more  variables,  namely  the  length  and 
diameter  of  the  filament  wire  and  its  temperature, 
to  those  already  enumerated,  one  would  necessarily 
begm  by  designing  a  \-alve  with  an  ideal  filament  as 
a  first  approximation.  Re-an-angenients  ot  Langmuir's 
formute  are  then  often  useful  for  brmging  together 
into  close  juxtaposition  the  quantities  considered  to 
be  of  particular  importance  in  any  given  design.  For 
instance,  if  the  length  of  the  filament  wire  and  the 
voltage  of  the  heating  supply  are  considered  nrore 
important  than  the  corresponding  wire  diameter  and 
heating  current,   the  formula 


/ 


yco 


obtained  by  eliminating  the  diameter  and  current 
from  the  primary  expressions  is  useful.  Here  the 
quantities  accented,  JLf,  I^.,  are  the  heating  voltage 
and  electron  emission  for  a  tungsten  cyhnder  of  unit 
length  and  diameter,  and  are  functions  of  the  tempera- 
ture,   their    value   being    obtainable    from    Langmuir's 

•  Lakgmuir  ;  Physical  Review,  1916,  vol.  7,  p.  302. 
t  Lancmuir  :  Physical  Rcviciv,  1913,  vol.  2,  p.  450. 
t  G.  Stead  :  Journal  1,E.E.,  1920,  vol.  58,  p.  107. 


tables  or  Stead's  curves.     Again,  if  the  heating  current 

is  of  special  importance  the  corresponding  formula 


h/hyi 


7312  _ 

would  be  used  in  determining  the  length  of  the  filament 
wire,  or  its  working  temperature.  After  the  length 
of  wire  which  will  be  available  has  been  so  determined, 
the  possibilities  of  looping  or  coiUng  it  so  as  to  build 
up  a  filament  S3'stem  of  axial  length  1/  suitable  for 
giving  the  proposed  characteristics  according  to  the 
anode-current  formula  already  given  can  be  considered. 
Collecting  them  together,  the  main  formute  for  the 
design  of  a  power  triode  valve  are 

^  ,   If      i  'E.jm  +  E'  )  3/2 

^  ^^d']    I-f  i/m   ( 

h  __  factor    determined     by    construction    of 


I,  filament  system 

_  TT^  d' log  {da!d') 

'"  -      lQg[l;(77Nrf„)y 


[see  Figs.  8  [a),  8  (6)] 


Here  the  quantities  usually  determined  bv  external 
considerations  are  the  two  supply  voltages  E  and  ILr, 
saturation  current  I^,  and  ratio  of  saturation  current 
le  to  anode  current  I,,  at  zero  grid  potential.  The 
temperature  of  the  filament  then  determines  its  life, 
and  the  dimensions  of  the  anode  surface  give  the  limit 
of  power  that  can  safely  be  dissipated  in  the  \'alve. 
Of  the  remaining  quantities,  the  length  and  form  of 
the  filament  system  and  the  diameter  of  the  grid  are 
usually  fixed  by  mechanical  considerations.  In  the 
final  design  the  onl}'  quantities  in  respect  of  which 
there  is  much  range  of  choice  are  usually  found  to  be 
the  diameter  and  spacing  of  the  wires  of  which  the 
grid  is  built  up. 

A  numerical  example  will  illustrate  the  values  hkely 
to  be  arrived  at  for  the  various  quantities  which 
represent  in  the  formulae  given  the  various  dimensions 
of  the  three  electrodes. 

Suppose  that  we  have  to  design  a  ^•al^■e  for  an  anode 
supply  at  1,500  volts,  and  a  filament  supply  at  20 
volts,  the  anode  being  so  dimensioned  as  to  dissipate 
by  radiation  the  energ\'  of  impact  of  the  electrons 
constituting  the  anode  current  at  the  rate  of  250  watts, 
without  its  temperature  being  raised  sufficiently  to 
impair  the  vacuum.  Suppose  also  that  the  anode 
current  at  zero  grid  potential  is  to  have  the  value 
0-17  ampere,  the  anode  being  at  1,500  volts,  and  the 
power  in  the  anode  circuit  being  therefore  250  watts. 
This  valve  wll  evidently  be  just  safe  should  the  oscilla- 
tions in  the  circuit  which  it  has  to  feed  be  interrupted. 
Again,  when  the  oscillations  are  taking  place  the  anode 
current  will  vary  v\ith  the  grid  potential,  but  its  mean 
value  will  usually  not  exceed  one-half  of  the  saturation 
current  given  by  the  filament.  If  we  choose  a  satura- 
tion current  of  0-34  ampere,  the  mean  power  taken 
from  the  high-voltage  supply  happens  to  be  250  watts 
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again,  and  as  some  of  this  will  be  dissipated  in  the 
oscillator}'  circuit  the  power  lost  in  the  valve  will  be 
less  than  250  watts.  This  valve  will  therefore  be  quite 
safe  as  long  as  oscillations  are  taking  place,  and  just 
safe  when  they  stop.  This  example  is  typical  of  the 
earUest  naval  power  valves.  As  the  proportion  of 
le  to  !„  is  made  to  exceed  that  given,  the  valve  will 
become  less  and  less  safe  when  oscillating.  However, 
a  valve  designed  to  work  in  a  modern  high-efficiency 
transmitting  circuit  of  efficiency  rj  would  have  the 
ratio  ia'Jc  of  the  order  of  (i  —  tj)/2,  and  a  250- watt  valve 
such  as  that  here  considered  would  be  given  a  satura- 
tion current  considerably  greater  than  0-34  ampere. 

We  have  first  to  select  a  suitable  filament  tempera- 
ture. This  will  be  done  from  consideration  of  the 
■working  life  required.  Suppose  that  this  is  to  be 
long,  over  1,000  hours,  and  that  previous  experience, 
as  is  actually  the  case,  indicates  2,310°  K.  on  Stead's 
scale  as  suitable  for  ensuring  this.  We  now  proceed 
to  find  the  length  of  an  ideal  filament  which  is  fully 
hot  right  up  to  the  ends.  Allowing  a  margin  on  the 
20-volt  supply,  we  take  the  filament  voltage  to  be 
18 -2  volts.  From  Stead's  curves  the  values  of  E^ 
and  Ij  at  2,310°  K.  are  found  to  be  0-165  s-'^'^  0-91 
respectively. 

Now 


grid-voltage  slope  for  this  valve  at  0-17  ampere  anode 
current  is  given  by 


•f'^id 


■whence  we  obtain  16-5  cm.  as  the  length  of  the  filament 
which  when  arranged  in  a  single  hair-pin  loop  will 
g^ve  a  filament  system  of  axial  length  8-25  cm. 

The  length  of  the  anode  to  be  bombarded  by  such 
a  filament  should  preferably  be  somewhat  less,  for 
instance,  6-5  cm.  This  ■with  a  diameter  of  3-2  cm. 
%vill  mean  at  250  watts  a  radiation  as  low  as  3  •  2  watts 
per  square  cm.  even  without  allowance  for  radiation 
from  the  open  ends,  which  is  little  more  than  one-half 
the  limiting  value  found  for  nickel. 

In  this  example  we  will  take  a  grid  diameter  of  i  •  o 
cm.,  which,  though  practicable,  represents  the  limit 
of  narrowness  for  use  with  so  long  a  filament  loop  ; 
something  nearer  2  cm.  would  now  be  more  usual. 

In  the  anode-current  formula  all  quantities  except 
m  are  now  known.      Transposing  the  formula  we  have 


{m  +  i)3l^ 


2-92   X    IQ-Slf 


d'le 


I  ■£3/2 


the  value  of  m  calculated  from  which  is  12 -o.  Apply- 
ing a  deduction  from  this  required  value  of  m  to  allow 
for  longitudinal  supports  to  the  grid,  we  find  that  a 
value  of  m  of  about  12  will  be  given  by  a  helical  grid 
having  4-6  turns  per  cm.  of  0-02  cm.  diameter  wire, 
with  three  longitudinal  supports  o-o6  cm.  in  diameter. 

The  ideal  filament  used  up  to  this  point  has  now 
to  be  replaced  bj'  one  in  which  proper  allowance  is  made 
for  the  cooling  of  its  ends.  This  is  done  using  Stead's 
methods  and  data,  and  the  resulting  length  of  wire 
in  the  filament  is  found  to  be  17-6  cm.  and  its  working 
voltage  18 -2  volts.  At  the  same  time  its  diameter  is 
0-0023  cm.  and  the  working  current  5-4  amperes. 

It  may  be  of  interest  to  add  that  the  anode-current 
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and  has  the  value   2-0  miUiamperes  per  volt. 

This  example  gives  a  valve  having  good  margins 
of  safety  in  all  respects  except  the  clearance  between 
grid  and  filament.  This,  however,  could  readih'  be 
increased  with  the  sole  effects  of  slight  reductions  in 
the  values  of  m  and  kj. 

If,  however,  a  filament  temperature  150  degrees 
higher  had  been  taken,  the  filament  supply  would  have 
been  reduced  to  3-6  amperes  at  10 -8  volts,  but  its 
life  would  have  been  much  shorter,  about  300  hours 
only.  The  whole  construction  would  have  been  more 
compact,  the  anode  being  only  one-half  the  size,  and 
the  valve  generally  closely  similar  to  the  T2B  valve 
designed  for  the  Royal  Naval  Air  Ser\'ice.  This,  owing 
to  the  high  temperature  reached  by  the  small  anode, 
and  the  small  size  of  the  bulb,  is  more  difficult  in  manu- 
facture and  less  safe  in  operation.  It  shows  great 
economy  in  filament  power  and  in  space,  but  represents 
approximately  the  limit  in  these  directions  for  a  valve 
of  this  power. 

It  will  be  noted  that  the  power  at  which  the  valve 
is  rated  is  that  which  can  safely  be  expended  in  it, 
not  that  which  it  willcontrol,  this  latter  being  depen- 
dent on  the  efficiency  of  the  circuit  arrangements  as 
well  as  on  the  valve. 

This  network  of  interlocking  formulae,  together 
with  the  appropriate  numerical  data  for  tungsten, 
made  it  possible  to  calculate  essential  dimensions  for 
all  the  electrodes  of  various  experimental  valves  designed 
to  meet  anticipated  needs.  These  designs,  and  sug- 
gested procedure  for  the  exhaust  of  the  valves,  were 
discussed  with  several  lamp-manufacturing  firms  in 
the  first  weeks  of  19 17.  Very  shortly  afterwards  it 
became  apparent  that  the  problem  had  been  taken  up 
by  Mr.  F.  P.  Driver  of  the  Osram-Robertson  lamp 
works  and  his  staff  with  notable  energy  and  persistence. 
The  results  of  these  efforts  constitute  a  model  of  in- 
dustrial research. 

The  start  was  made  with  a  material  equipment 
which  included  nothing  out  of  the  ordinary.  The 
pump  was  the  Gaede  mercury  pump,  a  rotary  pump 
working  by  displacement,  and  slow  at  high  vacua.  In 
the  latter  stages  of  the  e.xhaust  this  was  therefore 
supplemented  by  a  large  charcoal  tube  immersed  in 
liquid  air.  This  would  condense  the  residual  gases 
very  completely,  but  only  provided  the  quantity  did 
not  exceed  the  limited  absorbing  capacity  of  the  char- 
coal. The  combination  is  not  to  be  compared  as  regards 
either  speed  or  effectiveness  of  working  with  the  rotary 
and  other  molecular  pumps  in  use  at  the  time  in  America. 
However,  in  this  case  it  proved  enough  for  success  ; 
improvement  came  later. 

The  essential  dimensions  of  the  electrodes  being 
stated  from  the  calculations,  the  method  of  attachment 
and  mounting  was  left  entirely  to  the  works.  The 
processes  of  cleaning  the  metal  parts  before  exhaust 
and  of  heating  the  glass  were  those  which  all  lamp 
manufacturers    recognize    to    be    necessary    for    metal- 
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filament  lamps  ;  the  construction  of  the  metal  work 
recalls  the  half-watt  lamp  in  some  details,  but  was 
mainly  original. 

It  did  not  take  long  for  a  form  to  be  produced  which 
was    sufficiently    nearly    perfect    to    persist    with    none 


and   very  frequent  use  in   the   Fleet  flagship   for  over 
a  year. 

In  these  valves,  that  is  to  say  in  those  following 
the  very  first,  it  was  found  necessary  to  make  an 
empirical  correction   to  the  electron  data   to  allow  for 


Scale  of  inc/ies 
Fig.  9. — Transmitting  valve,  type  Ti. 


but  minor  alterations  through  a  number  of  subsequent 
designs.  The  Ti  valve  (Fig.  9)  was  one  of  the  first  to  be 
manufactured  in  quantity.  Its  evolution,  though  short  in 
point  of  time,  was  a  very  active'  process.  The  number 
of  the  unfit  which  perished  before  survival  was  achieved 


differences  between  English  and  American  tungsten. 
This  correction  served  until  the  data  were  redeter- 
mined by  Stead  as  described  in  a  recent  communi- 
cation to  the  Institution.*  Otherwise  comparison 
between  the  observed  and  calculated  characteristics  in 


Scd/e  of  inches 
Fig.    10. — Transmitting  valve,  type  T4A. 


was  surprising.  A  contemporary  of  the  first  half- 
dozen  survivors,  of  whose  fitness  there  was  incidentally 
little  question,  has  been  lent  by  the  makers.  It  dates 
from  a  time  only  five  or  six  weeks  subsequent  to  the 
communication  of  the  designs.  The  kind  of  perform- 
ance of  which  these  early  specimens  were  capable  is 
indicated  by  the  case  of  the  pair  which  were  in  regular 


the  neighbourhood  of  the  working  adjustments  showed'! 
agreement   to  within  less   than    10  per  cent. 

The  T4A  valve  (Fig.  10),  a  later  design,  is  rated  at 
400  watts  and  is  therefore  capable  of  converting  over 
one  kilowatt  of  input  power  in  a  circuit  of  good, 
efficiency. 

•  Journal  I.E.E.,  1920,  vol.  58,  p.  107. 
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Several  essential  points  to  be  observed  in  manu- 
facture were  established   at  an  early  stage. 

The  high  vacuum  was  found  to  be  permanent,  pro- 
vided that  the  power  expended  in  heating  the  anode, 
and  indirectly  the  other  metal  work  in  the  valve,  during 
the  final  stages  of  the  exhaust  was  considerably  greater 
than  that  expended  under  the  most  severe  conditions 
permitted  in  working.  This  was  the  basis  of  the  system 
of  rating  the  valves  by  the  maximum  power  which 
could  be  expended  at  the  anode  for  a  definite  period, 
lo  minutes.  It  was  necessary^  therefore,  to  have 
the  anode  large  enough  to  leave  a  margin  between 
the  rated  power  and  the  power  required  to  melt  the 
nickel  anodes  fitted. 

Uniform  heating  of  the  anode  was  found  to  be  neces- 
sary if  the  vacuum  was  to  be  permanent,  and  for  this 
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reason  it  is  desirable  that  the  filament  be  at  least  not 
shorter  than  the  anode. 

For  a  similar  reason  grids  ha\ang  a  large  number  of 
small  spaces  separated  by  fine  wires  were  found  pre- 
ferable to  those  with  thick  wires  and  correspondingly 
large  spaces,  the  discharge  through  which  caused  local 
overheating  of  the  parts  of  the  anode  immediately 
opposite. 

Extreme  rapidity  of  pumping  up  to  the  last  stages 
of  the  exhaust  was  found  to  be  essential,  and  there 
w£is  a  great  improvement  on  substituting  for  the  com- 
bination of  Gaede  rotary  mercury  pump  followed  up 
by  charcoal  in  liquid  air  as  at  first  used,  the  mercury- 
vapour  condensation  pump,  the  first  of  which  to  be 
used  was  lent  by  Professor  Sir  J.  J.  Thomson  in 
the  spring  of  1917. 

This  pump  is  shown  diagrammatically  in  Fig.  ir. 
It  works  by  a  kind  of  ejector  action,  the  velocity  of 
the  dense  blast  of  mercury  vapour  up  the  central  space 


past  the  side  aperture  H  being  great  enough  to  prevent 
completely  all  possibility  of  any  gas  molecules  leaving 
H  in  the  ordinary  course  of  diffusion  ever  returning. 

The  tube  immersed  in  liquid  air  prevents  diffusion 
of  mercury  vapour  back  to  the  valve  and  also  condenses 
much  of  the  evolved  gas.  It  is  not,  however,  essential, 
particularly   when    small    valves    are  being  exhausted. 

On  the  lower  vacuum  side  of  the  \-apour  pum-p  comes 
a  box  pump,  the  chamber  of  which  if;  divided  into  two 
halves  by  a  pair  of  spring  blades  which  rotate  eccen- 
trically pushing  the  air  before  them,  the  rubbing  sur- 
faces being  kept  gas-tight  by  a  liberal  supply  of  oil. 
Beyond  this  again  is  a  piston  pump. 

It  was  observed  that  when  an  alternating  voltage 
was  applied  between  anode  and  filament  the  valve 
conducted  both  ways  as  long  as  any  blue  glow  (indicating 
the  presence  of  positive  ions  derived  from  gas)  was 
present.  If  the  glow  was  allowed  to  become  very 
bright  the  mean  current  through  the  valve  might  even 
reverse,  implying  that  the  conductivity  was  higher 
when  the  filament  was  positive  than  when  it  was  negati\-e. 
As  might  be  e.xpected  under  these  circumstances,  the 
valve  still  conducted  momentarily  after  the  filament 
current  was  switched  off. 

Overheating  of  the  filament  seals  owing  to  conduc- 
tion of  heat  back  from  the  filament  led  to  electro- 
chemical decomposition  of  the  glass,  indicated  by  a 
black  deposit  on  the  platinum  in  the  seal,  and  conse- 
quent leaks.  The  combination  of  heat  and  high- 
frequency  electric  strain  caused  breakdown  of  the 
glass  between  the  filament  and  grid  seals  as  soon  as 
the  oscillatory  voltage  in  the  grid  circuit  became  high. 
This  was,  however,  easily  prevented  by  separating 
the  seals. 

The  first  power-rectif5^ing  valve  Ui  was  produced 
by  simply  omitting  the  grid  of  Ti  and  gave  no  trouble. 
Another,  U,,  which  was  equally  successful,  was  designed 
by  Lieutenant  Sleeman  to  suit  a  particular  set  of 
circuit  requirements.* 

This  description  of  its  early  stages  covers  practically 
the  whole  of  the  relatively  uneventful  history  of  power 
valve  development.  The  manufacture  proceeded  by 
dozens,  and  then  by  hundreds,  reaching  a  total  of 
some  5,000  in  the  period  considered.  Six  principal 
types  of  power  vahes  were  finally  in  use. 

(6)  The  Development  of  .\  High-v.\cuu.m 
Receiving  Valve. 

At  the  end  of  1916,  the  difficulty  of  reproducing 
soft  valves  of  the  audion  tvpe  was  becoming  serious, 
and  Round's  "  Q  "  valve,  in  spite  of  the  high  voltage 
it  required  to  produce  fair  characteristics  (Fig.  12), 
was  used  in  an  ultraudion  receiver  designed  at  this 
time. 

The  British  Thomson-Houston  Company,  having 
made  progress  with  a  method  of  producing  high-vacuum 
valves  of  the  French  pattern  for  the  Royal  Naval 
Air  Service  in  particular,  suggested  an  attempt  at 
developing  a  high-vacuum  substitute  for  the  audion 
on  similar  lines.  It  was  known  that  the  French  valve 
itself  would  not  produce  the  heterodyne  oscillations 
over  the   full   range   of  wave-lengths   required   of   the 

♦  FoRTEsCfE  :  Proceedings  of  the  Physical  Society,  1919,  vol.  31,  p.  319. 
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receivers  for  which  valves  had  to  be  found,  but  various 
sets  of  modified  trial  valves  were  made  up  and  by  accident 
one  of  these  specimens  provided  a  solution  of  the  problem 
in  an  unexpected  way.  In  all  the  trials  the  grids  had 
been  made  too  open,  the  full  importance  of  keeping 
down  the  slope  of  the  anode-current  anode-voltage 
characteristic  not  being  realized,  owing  to  the  com- 
phcation  of  the  modified  ultraudion  circuit  in  use. 
However,  in  one  specimen  valve  a  warping  of  the  fila- 
ment brought  grid  and  filament  so  very  close  together 
that  the  effective  closeness  of  the  grid  was  more  than 
doubled,  the  variation  of  anode  current  with  anode 
voltage  was  much  reduced,  but  the  corresponding 
variation  with  grid  voltage  was  imaltered.  This 
freak  valve  did  all  that  was  required,  but  was  not  itself 
reproducible.  However,  a  further  trial  valve  was 
designed  using  what  had  been  learnt  from  the  power 
valves  as  to  the  general  effects  of  the  different  dimen- 
sions of  the  electrodes,  and  it  was  found  possible  to 
reproduce  the  desired  characteristics  sufficiently  closely, 
using  a  symmetrical  and  readily  reproducible  form  of 
construction. 

The  new  valve  had  the  same  filament  as  Mr.  Edmund- 
sen  of  the  B.T.H.  Company  had  fitted  in  the  experi- 
mental one,  but  had  the  other  electrodes  cylindrical. 
The  grid  diameter  was  made  as  small  as  possible,  as 
this,  together  with  the  length  of  the  filament,  which  was 
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Fig.   12, — "  Q  "  valve. 


greater  than  in  the  French  valve,  were  now  known  to 
be  factors  in  determining  the  slopes  of  the  character- 
istics. The  diameter  and  spacing  of  the  grid  hehx  were 
chosen  so  that  the  calculated  value  of  the  grid  constant 
m  should  be  the  same  as  had  been  observed  in  the  freak 
valve.  As  the  double-ended  audion  construction  was 
now  replaced  bj'  the  French  method  of  mounting  all 
the  electrodes  on  a  single  stem,  so  that  they  could 
be  finally  adjusted  before  seahng  into  the  bulb,  ]\Ir. 
Edmundsen  brought  the  filament  leads  round  the  out- 
side of  the  bulb  to  a  screw  cap  secured  to  the  seahng- 
off  point. 

This  valve,  known  as  Rr,  met  practically  all  re- 
quirements for  a  year  or  more,  ousting  the  soft  valves 
giving  the  audion  characteristics  in  most  cases  where 
they  were  issued  as  an  alternative.  It  was  sufficiently 
similar  to  the  soft  valve  to  give  comparable  results  for 


most  purposes  :  but  for  various  reasons  it  turned  out 
to  be  more  reliable  than  any  soft  valve  in  existence 
at  the  time  of  its  appearance.  This  would  tend  very 
much  in  its  favour,  for  a  small  gain  in  reliabiUty  is  felt 
far  more  by  the  receiving  operator  who  passively  waits 
for  and  takes  in  the  signal  than  by  the  transmitter  who 
makes  it  on  his  own  initiative.  The  most  serious  form 
of  unreliability,  sudden  failure  of  the  filament,  proved 
to  be  verv  rare  in  this  valve,  the  dimensions  given  to 
the  filament  providing  in  the  first  place  that  it  could  not 
be  overloaded  to  the  fusing  point  in  a  4-volt,  or  even  in 
a  6-volt  circuit,  and,  further,  giving  to  all  filaments 
not  locally  damaged  in  exhaust  or  strained  too  tightly 
an  expectation  of  life  which  was  excellent,  indeed, 
almost     excessive.     More     than     one     R4     valve     on 
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Fig.   13. — "R4"  valve. 

Ufe-test  survived  8,000  hours  {i.e.  I2  months)  of  con- 
tinuous burning.  The  life  on  service  may  have  been 
shorter,  but  apparently  se\'eral  thousand  hours  was 
the  rule.  Such  a  life  was  a  great  advantage  to  isolated 
ships,  and  the  corresponding  small  rate  of  consumption 
of  valves  in  the  receivers  in  use  made  it  easier  to  build 
up  stocks  in  the  dockyards  for  the  use  of  more  accessible 
vessels,  and  for  new  sliips. 

The  characteristics  were  good.  As  shown  in  Fig.  13, 
the  slopes  at  an  anode  voltage  of  50  are  comparable 
with  those  of  the  French  or  the  hard  audion  valves  at 
70  or  80  volts  (Fig.  14),  while  the  corresponding  anode 
current  was  less  in  the  proportion  of  three  tc  one.  The 
low  anode  voltage,  besides  reducing  the  number  of 
cells  in  the  anode  battery,  made  possible  the  use  of  a 
much  less  severe  exhaust,  for  at  the  lower  anode  voltage 
the  effects  on  the  characteristics  of  traces  of  residual 
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gas  are  much  less  marked.  This  imperfect  exhaust, 
again,  was  later  found  to  steady  the  emission  of  electrons 
from  the  thoriated  tungsten  filament  fitted. 

Some  of  these  virtues,  however,  were  latent  for  a  time. 
Although  a  life  of  1,500  hours  had  been  shown  to  be 
possible  by  life-tests  conducted  at  the  National  Physical 
Laboratory  on  high-vacuum  audions,  and  was  attained 
by  the  first  deUvery  of  the  R4  valves,  it  was  soon  found 
that  the  process  developed  by  the  B.T.H.  Company  for 
exhausting  French  valves  for  other  services  would 
require  jiodification  if  such  a  life  was  to  be  ensured. 
The  makers  were  not  prepared  to  make  modifications 
at  the  time,  but  preferred  to  concentrate  on  the  French 
valve.     Other  sources  of  supply  were  therefoie  sought. 

After  some  work  at  Cambridge  on  the  emitting 
properties  of  the  filament,   and   on   the  proportion   of 


Fig.  14. — French  valve. 

grid  to  anode  current,  a  specification  was  drawn  up 
and  other  lamp  makers  called  in.  The  specification  was 
a  simple  one,  the  electrical  tests  covering  first  a  satu- 
rated emission  current  some  five  times  the  normal  anode 
current,  to  be  attained  with  a  filament  voltage  not 
exceeding  the  4  volts  of  the  supply  accumulators,  and 
current  within  the  range  of  the  i  •  2-ampere  instrument 
fitted,  and  together  with  this  a  vacuum  test  permitting 
a  reverse  grid  current  of  2  micro-amperes  with  100  volts 
at  the  anode.  This  corresponds  to  a  positive  ionization 
current  of  an  order  as  high  as  i/ioooth  of  the  primary 
electron  current.  The  dimensions  of  the  cold  electrodes 
were  given  but  the  method  of  mounting  was  left  optional. 
In  the  subsequent  development  of  the  manufacture 
the  Osram-Robertson  Company,  using  the  experience 
acquired   with   the    power   valves   and    soft    recei\-ing 


valves,  made  the  most  rapid  progress.  From  observa- 
tions on  the  rapid  disappearance  of  gas  from  some  of  their 
soft  valves  on  life  test,  it  had  been  hoped  that  high- 
tension  bombardment  of  the  anode  and  consequent 
damage  to  the  filament  could  be  dispensed  with.  It 
is  now  known,  indeed,  from  recently  published  accounts 
that  many  German  receiving  valves  were  exhausted 
on  such  Unes.  However,  in  this  case  the  method  was 
found  to  be  too  sensitive  to  variations  in  the  quality 
of  the  materials  used,  and  the  process  finally  developed 
in  conjunction  with  the  Osram  works  employed  the 
minimum  bombardment  which  would  give  a  permanent 
vacuum  and  so  damage  the  filaments  as  little  as  possible. 

In  arriving  at  this  minimum,  much  information  was 
obtained  as  to  the  way  in  which  the  high  vacuum  in 
valves  is  maintained. 

If  the  bombardment  is  severe  and  the  exhaust  thorough, 
the  high  vacuum  is  permanent  and  no  softening  occurs 
until  the  electrodes  are  overheated,  as  might  occur  in 
transmitting  valves. 

With  reduced  bombardment  there  is  a  tendency  to 
a  slow  continuous  evolution  of  gas  during  working, 
favoured  by  a  high  filament  temperature.  Counter- 
acting this,  however,  there  is  a  continuous  absorption 
or  "  clean-up  "  of  gas  takuag  place  at  a  rate  dependent 
on  the  largest  potential  difference  applied  between  any 
of  the  electrodes.  The  origin  and  ultimate  destination 
of  the  gases  is  obscure,  though  the  "  clean-up  "  effect 
is  a  well-known  one,  occurring  in  lamps,  and  also  at 
much  higher  voltages  in  X-ray  bulbs. 

Thus,  for  each  particular  value  of  the  working  anode 
voltage  these  two  actions  strike  a  different  balance  ;  the 
higher  the  voltage  the  lower  is  the  equilibrium  pressure 
and  the  better  the  vacuum.  Equilibrium  is  not  in- 
stantaneously obtained  or  disturbed.  In  the  case  of 
R4  valves  running  continuously  with  the  filament  at 
normal  brilliancy  (3  -5  to  4  -o  volts)  the  vacuum  deterior- 
ates at  first,  the  valves  softening  rapidly  for  the  first 
two  or  three  hours.  After  this,  provided  they  have  not 
reached  a  state  corresponding  roughly  to  the  softness 
of  an  R2  valve,  i.e.  a  reverse  grid  current  of  i  micro- 
ampere with  only  30  volts  applied  to  the  anode,  a  pro- 
gressive hardening  begins  and  continues,  if  the  exhaust 
was  carried  sufficiently  far,  until  the  vacuum  is  much 
better  than  that  specified  as  the  limit  for  R4,  and  often 
also  much  better  than  immediately  after  the  removal 
of  the  valve  from  the  pump.  Trials  at  the  Royal  Naval 
College,  Greenwich,  established  that  a  considerable 
amoufft  of  gas  is  given  off  when  the  glass  of  the  outlet 
tube  is  heated  for  sealmg-off.  If  the  sealing  is  too  rapidly 
done  much  of  this  gas  is  left  in  the  sealed  valve. 

The  definite  nature  of  these  effects  being  established 
by  many  trials,  it  was  decided  that  the  process  of 
"  ageing  "  by  running  the  valves  at  the  works  for  a  few 
hours  between  exhaustion  and  test  was  preferable  to 
over-bombardment,  as  the  filament  was  saved  and  it  was 
also  ensured  that  each  valve  had  before  test  and  issue 
a  preliminary  run  under  working  conditions,  so  that 
greater  reliance  could  be  placed  in  its  constancy. 

In  the  course  of  these  trials  many  opportunities 
occurred  of  observing  the  connection  between  the  amount 
of  gas  present  in  a  given  valve  and  the  emissive  power 
of  the  filament  for  electrons.     It  was  clearly  established 
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that  the  greater  the  amount  of  gas  the  greater  the  watts 
expended  in  heating  the  filament  and  therefore  the  higher 
the  filament  temperature  required  to  produce  a  given 
total  electron  current,  the  effect  continuing  down  to  gas 
pressures  far  below  those  required  to  produce  any 
appreciable  cooling  of  the  filament  such  as  can  be 
detected  in  gas-filled  valves.  This  effect  is  also  a 
slow  one,  and  if  it  is  pronounced  the  emission  current 
may  take  several  minutes  to  attain  a  steady  value 
after  the  working  conditions  have  been  changed. 
This  is  one  probable  reason  for  the  lack  of  reliability 
of  the  early  "  audion  "  valves.  The  effect  is  favoured 
to  some  extent  by  a.  low  filament  temperature,  but 
more  markedly  by  the  application  of  voltages  above 
25  or  30  volts  to  either  or  both  of  the  cold  elec- 
trodes. It  is  thus  probably  a  case  of  the  electro-chemical 
contamination  of  the  surface  of  the  tungsten  by  the 
gas  ions  as  investigated  and  described  by  Langmuir 
{Physical  Review,  1913,  vol.  2,  p.  450).  If  present, 
it  makes  any  true  estimate  of  the  form  of  the  "  satura- 
tion "  portion  of  the  characteristics  difficult  to  obtain, 
the  values  of  the  currents  at  or  near  the  saturation 
value  tending  to  be  too  low  unless  taken  by  some 
instantaneous  method. 

A  kind  of  inverse  of  this  effect,  that  is  to  say  the  occur- 
rence of  cases  where  the  filament  watts  for  a  given 
total  electron  emission  were  abnormally  low,  was  in- 
vestigated at  the  Ro5-al  Naval  College,  Greenwich,  and 
shown  to  be  associated  with  the  presence  of  impurities 
derived  from  the  body  of  the  filament,  and  especially 
with  the  presence  of  thoria  added  to  the  tungsten  ore 
to  improve  the  mechanical  properties  of  the  wire.  As 
it  is  observed  to  occur  whenever  the  bombardment  of 
the  filament  by  positive  ions,  especially  those  derived 
from  volatile  metals  present  as  impurities  in  the  elec- 
trodes, is  more  than  ordinarily  violent,  it  is  supposed 
to  arise  from  the  exposure  of  thoria  or  of  thorium- 
tungsten  alloy  by  the  disintegration  of  the  filament 
surface,  and  therefore  practically  from  the  substitution 
of  another  emitting  material  for  the  pure  tungsten.  The 
effect  is  fairly  permanent  and  may  under  certain  con- 
ditions persist  during  several  hundred  hours  of  running. 

During  the  development  of  the  R4  valve,  it  was 
established  that  any  over-straining  of  the  filaments 
with  the  object  of  preserving  accurate  centering  resulted 
in  a  very  troublesome  defect.  Under  such  conditions 
a  filanient,  although  to  all  tests  perfect  and  undamaged, 
would  fail  suddenly  after  less  than  10  hours'  normal 
running  under  conditions  where  a  life  of  many  hundreds 
of  hours  was  to  be  expected.  Various  methods  of 
spiralling  or  waving  the  filament  wire  may  be  used  to 
prevent  this  effect,  but  without  them  a  very  little 
warping  of  the  supports  during  exhaust  is  likely  to 
bruig  it  on  in  a  considerable  proportion  of  the  valves. 

Some  preliminary  experiments  were  carried  out 
which  confirmed  that  it  was  desirable  to  make  the  grid 
of  the  R4  valve  consist  of  a  number  of  turns  of  fine  wire 
rather  than  fewer  turns  of  thick.  There  are  theoretical 
grounds  for  supposing  that  the  proportion  of  the  elec- 
trons leaving  the  filament  which  the  grid  does  not 
succeed  in  deflecting  as  they  pass — in  a  cylindrical 
valve  it  does  not  begin  to  attract  them  until  its  potential 
is  nearly  the  same  as  that  of  the  anode — depends  amongst 


other  factors  on  the  extent  to  which  the  grid  wires 
block  the  "  field  of  view  "  from  the  filament.  This 
may  be  measured  by  the  area  of  the  grid  "  projected  " 
on  to  the  anode. 

Experiments  were  carried  out  on  the  effect  of  different 
grids  on  the  ratio  of  the  anode  and  grid  currents.  Three 
valves  were  used,  each  fitted  with  a  different  type  of 
grid.  These  grids  all  had  the  same  effective  closeness 
{i.e.  the  same  dejde'  or  ni  defined  as  previously  de- 
scribed), but  were  made  of  wires  of  different  diameters, 
their  projected  areas  differing  in  the  extrem^  cases  in 
the  proportion  of  two  to  one.  The  valves  were  ex- 
hausted as  completely  as  possible  by  means  of  a  Gaede 
pump,  followed  up  by  liquid  air  and  charcoal,  and 
curves  were  then  drawn  for  each  valve  showing  how 
the  ratio  of  grid  current  to  anode  current  \'aried  with 
grid  and  anode  voltages.  The  curves  are  of  the  general 
form  shown  in  Fig.   15.     The  anode  and  grid  voltages 
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Fig.   15. — Curves  showing  the  voltage  adjustments  for  given 
ratios  of  grid  current  to  anode  current. 

Full  lines  are  for  coarse  grid,  o'04  cm.  wire  and  5*5  turns  per  cm. 
Broken  lines  are  for  fine  grid,  o"oi  cm.  wire  and  12  turns  per  cm. 

are  plotted  along  the  two  axes,  and  each  curve  is  a  line 
along  which  the  grid  current  is  some  constant  per- 
centage of  the  anode  current. 

It  was  found  that,  for  a  given  anode  and  grid  voltage, 
the  valve  with  the  largest  projected  grid  area  showed 
the  largest  percentage  grid  current,  as  might  be  expected. 
Further,  for  the  region  in  which  the  form  of  the  curves 
could  be  predicted  theoretically  (i.e.  the  region  where  the 
grid  voltage  is  positive,  and  fairly  large,  but  consider- 
ably smaller  than  the  anode  voltage)  it  was  found  that 
the  agreement  between  theory*  and  experiment  was  good. 

The  proportion  of  grid  current  to  anode  current 
throughout  the  range  of  working  adjustments  can  there- 
fore be  reduced  without  affecting  the  screening  effect 
of  the  grid,  measured  bv  the  value  of  //<,simpiy  by  making 
the  grid  of  a  larger  number  of  finer  wires.  This  reduces 
the  mechanical  strength  of  the  grid,  which  can,  however, 
be  restored  by  making  a  mesh  of  the  fine  wires,  this 
naturally  being  much  stiffer  than  a  helix. 

As  far  as  the  effect  of  the  form  of  the  grid  is  concerned, 
the  numerical  investigation  of  grid  currents  has  not 
been  carried  further  than  this. 

*  Due  to  Sir  J.  J.  Thomson  and  extended  by  Lieut.  Brundrett. 
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For  receiving  valves  there  is  another  factor  of  great 
importance  controlling  the  form  of  the  lower  part  of 
the  grid-current/grid-voltage  curve,  the  part  used  when 
rectification  takes  place  at  the  grid.  This  pa.rt  is,  in 
all  high  vacuum  valves  below  the  point  where  the 
traces  of  gas  cause  reversal  of  the  grid  current,  of  a  form 
such  th^.t  if  successive  equal  changes  of  the  grid  voltage 
are  made  in  the  positive  direction,  the  value  of  the  grid 
current  is  multiplied  each  time  by  the  same  amount, 
the  curve  being  therefore  an  exponential  one.  The 
reason  for  this  is  that,  although  the  electrons  do  not 
all  leave  the  filament  with  the  same  velocity,  there  is, 
nevertheless,  a  very  definite  law  connecting  the  propor- 
tion ha\ing  one  velocity  and  the  proportion  having 
another,  that  is  the  numbers  which  will  overcome  differ- 
ent degrees  of  repulsion  by  the  grid  consequent  on 
different  voltages  being  applied  to  it.  This  law  was 
established  by  O.  \V.  Richardson.  It  is  found  that 
the  observed  factor  of  multiplication  for  the  lower  part 
of  both  curves,  grid  and  anode — in  round  numbers  twice 
for  e\ery  fifth  of  a  volt — agrees  ver\'  closely  with  that 
to  be  expected  from  the  law  of  the  distribution  of 
initial  velocities. 

As  long  as  a  heated  surface  is  used  as  the  source  of 
the  electrons,  this  variation  in  initial  velocity  and  there- 
fore the  general  form  of  the  characteristics  up  to  about 
the  20  micro-ampere  point  is  uncontrollable  by  any 
simple  means. 

The  form  of  the  grid  curve  is  thus  determined  by  the 
exponential  law,  and  its  vertical  scale  by  the  projected 
area  of  the  grid.  It  is  also  observed  that  a  change  in  the 
nature  of  the  surface  from  which  the  electrons  are 
emitted  may  result  in  the  curve  being  shifted  bodily 
by  as  much  as  i  volt.  Thus,  these  thoriated  filaments 
which  give  an  abnormallj^  large  electron  emission  for  a 
given  temperature  give  rise  to  a  grid  curve  displaced 
by  anything  up  to  i  volt  in  the  negative  direction,  i.e. 
to  grid  currents  up  to  70  times  as  great  for  a  given  grid 
voltage. 


.  (7)  "  Soft  ' 


Properties 


AND    G.^S-FILLED    VaLVES, 

AND  Development. 

If  the  quantity  of  gas  in  a  valve  is  not  extremely 
minute  its  presence  gives  rise  to  certain  special  modifica- 
tions, both  in  the  characteristics  of  the  value  and  in  its 
behaviour  in  use.  0\ving  to  their  many  common 
properties  such  valves  are  often  classed  together  and 
spoken  of  as  "  soft  "  valves,  the  name  being  taken  from 
X-ray  tubes  in  a  similar  state.  The  softer  a  valve  is, 
the  more  gas  it  vvill  in  general  contain,  and,  correspond- 
inglv,  the  harder  it  is  the  more  nearly  perfect  will  be 
the  vacuum  within  it. 

A  more  coherent  explanation  of  the  special  properties 
of  soft  valves  can  perhaps  be  given  if  they  are  treated 
as  variants  on  the  high-vacuum  valve  which,  though  a 
later  development,  is  now  more  generally  understood, 
having  come  into  far  greater  prominence,  both  in  practi- 
cal use  and  in  the  literature  of  the  subject.  In  dealing 
with  soft  valves,  therefore,  departures  will  be  made  from 
the  roughly  historical  treatment  followed  in  the  rest 
of  this  paper. 

The  chief  point  of  distinction  is  that  in  the  soft  valve 
as  soon   as  the  potential  cUfference   between   filament 


and  anode,  or  between  filament  and  grid,  exceeds  a 
certain  value  characteristic  of  the  gas  present,  positive 
ions  arising  from  the  disruption  of  gas  molecules  appear 
near  the  high  potential  electrode.  These  ions  are 
directed  by  the  electric  field  towards  the  neighbourhood 
of  the  filament,  where  their  presence  tends  to  cause  a 
neutrahzation  of  the  dense  space-charge  in  that  region 
due  to  the  negative  electrons  from  the  filament.  Under 
working  conditions  the  neutralization  is  usually  only 
partial,  and  the  result  is  simply  that  the  applied  field 
tending  to  draw  the  electrons  away  from  the  filament 
has  less  space-charge  to  contend  with  and,  consequently, 
is  competent  to  produce  a  larger  electron  current  than 
if  no  positives  were  there.  As  the  positive  ions  owe 
their  origin  to  the  colUsion  of  electrons  with  gas  mole- 
cules, such  adjustments  of  the  voltages  as  produce  no 
space-current  in  a  high-vacuum  will  produce  none  when 
the  gas  is  present.  As  regards  the  position  of  its  foot, 
therefore,  the  characteristic  curve  will  be  unaltered,  but 
as  one  follows  the  curve  it  will  sooner  or  later  be  found 
to  depart  from  the  form  which  it  would  have  in  the 
high-vacuum  case.  Take,  for  instance,  the  curve  con- 
necting anode  current  and  grid  voltage,  for  an  anode 
voltage  of  about  30.  This  .will  become  steeper  and 
steeper,  and,  unless  either  the  effect  of  the  gas  is  small 
or  the  saturation  value  of  the  current  low,  a  point  of 
discontinuity'  of  the  curve  will  be  reached  corresponding 
to  an  instantaneous  rise  of  the  current  to  a  value  several 
times  at  least  larger  than  that  immediately  preceding, 
and  often  reaching  the  full  saturation  value  at  one  leap. 
If  after  passing  the  point  of  discontinuity  the  potential 
is  reduced  again,  the  former  characteristic  is  not  usually 
retraced,  but  the  high  value  of  the  current  persists 
and  the  point  of  discontinuity  comes  at  a  lower  potential 
than  the  corresponding  discontinuous  rise.  Tliis  is 
sometimes  spoken  of  as  a  "  hysteresis  "  effect,  and  its 
appearance  renders  the  valve  either  inactive  or  very 
difficult  to  adjust. 

The  possibihty  of  this  effect,  which  might  easily 
escape  the  notice  of  an  operator,  was  a  source  of  much 
trouble  in  the  earlier  soft  valves.  \Ve  shall  return  to 
it  in  connection  with  the  steps  by  means  of  which  it  was 
eliminated.  The  essential  properties  distinguishing  a  less 
pronouncedly  soft  valve  are,  however,  more  regular  and 
more  capable  of  prediction  than  this,  and  in  general 
considerably  extend  the  possibiUties  of  a  particular 
arrangement  of  electrodes.  In  a  triode  valve  the 
appearance  of  the  positives  results  merely  in  a  more  or 
less  marked  increase  in  the  anode  current,  owing  to  the 
partial  neutralization  of  the  space-charge.  The  effect  on 
the  grid  current  is,  however,  less  simple.  If  the  grid 
is  the  most  negative  bv  one  or  two  volts  of  the  three 
electrodes,  no  electrons  can  reach  it,  but,  on  the  other 
hand,  a  considerable  proportion  of  the  positives  are 
arrested  bj'  the  grid,  either  in  transit  towards  the 
filament,  or  after  missing  it  owing  to  the  small  target 
which  it  presents.  This  influx  of  positives  produces 
a  grid  current  in  the  reverse  direction  to  that  observed 
when  the  grid  is  picking  up  electron's.  If  now  the 
potential  of  the  grid  is  changed  in  the  positive  direction 
until  it  repels  the  electrons  less  completely,  so  that  in 
the  high-vacuum  case  it  would  pick  up  an  appreciable 
number  of  them,  this  number  may  be  increased  by  the 
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presence  of  the  positives,  somewhat  in  the  same  pro- 
portion as  the  total  number  of  electrons  escaping  from 
the  filan^ent  is  increased.  If  the  grid  is  made  sufficiently 
positive  to  the  filament,  this  effect  may  mask  the  pick- 
ing up  of  positives  and  the  direction  of  the  current 
may  become  the  same  as  in  the  high  vacuum. 

These  effects  are  well  illustrated  by  means  of  a  particu- 
lar method  of  plotting  the  characteristics,  the  use  of 
which  had  some  value  in  throwing  light  on  the  physical 
actions  described  as  underlving  the  modifications  of 
the  currents  observed  to  occur  when  gas  was  present. 

Instead  of  plotting  to  a  horizontal  axis  of  grid  voltage 
with  a  vertical  axis  of  current,  niake  both  axes  represent 
\'oltage,  the  horizontal  for  the  grid,  and  the  vertical 
for  the  anode.  The  various  values  of  the  current  have 
then  to  be  indicated  by  means  of  lines  of  constant 
current,  like  the  isothermals  on  an  indicator  diagram 
or  the  contour  lines  on  a  map.  The  characteristics 
indeed  take  the  form  of  a  contour  map  of  a  surface  of 
which  the  more  usual  curves  of  current  against  grid 
voltage  are  sections  in  vertical  planes.  When,  there- 
fore, the  difference  in  current  between  successive  Imes 
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i6  (a)  and  (f;). — General  characteristics  of  high-vacuum 
valve. 


amplification  factor  m  at  the  point  considered.  Their 
straightness  and  parallelism  is  therefore  a  very  clear  and 
striking  expression  of  the  fact  already  mentioned,  that 
in  this  region  m  is  sensibly  independent  of  the  value  of 
either  grid  or  anode  voltage,  and  that  the  current  is  a 
function  of  ejm  -f  e' . 

As  would  be  expected  also,  the  anode  current  becomes 
vanishingly  small  to  the  left  of  the  line  e/m  -f  e'  =  o, 
the  crossing  of  which  implies  the  reversal  of  the  field 
at  the  surface  of  the  filament. 

The  lines  of  grid  current,  also,  as  long  as  the  current  is 
small,  are  straight  and  parallel  to  the  axis  of  anode 
voltage,  the  grid  current  being  then  independent  of  the 
anode  voltage.  For  larger  values  of  the  current  they 
approximate  to  radial  lines  spreading  out  from  the 
origin. 

If  secondary  emission  of  electrons  from  either  of  the 
cold  electrodes  occurs,  as  for  "  dynatron  "  adjustments, 
the  surfaces  illustrate  the  progress  of  the  effect  very 
clearly  but  become  rather  complicated. 

The  general  differences  between  the  characteristics 
drawn  in  this  way,  for  high-vacuum  and  for  gas-filled 


is  large,  or  the  distance  between  them  small,  a  steep 
slope  of  the  sectional  characteristic  is  indicated.  It  is 
generally  as  well  to  show  the  grid  current  and  the  anode 
current  on  separate  diagrams.  Intersecting  curves, 
which  cause  some  confusion  in  sectional  characteristics 
of  soft  valves,  are  thus  entirely  a\-oided.  Further,  as 
the  successive  intervals  of  current  can  be  selected  at 
will,  it  is  possible  by  using  small  inter\-als  where  the 
currents  are  small,  and  increasing  the  intervals  more  or 
less  m  proportion  to  the  currents,  to  give  an  equally 
faithful  rendering  of  all  parts  of  the  surface.  This  is 
particularly  useful,  for  it  is  generally  necessary  to  trace 
the  variations  of  a  current  from  a  fraction  of  a  micro- 
ampere to  lo  milliamperes  or  more. 

In  the  case  of  the  high-vacuum  valve  both  surfaces 
depicted  in  this  manner  are  sin^ple,  that  of  anode  current 
particularly  so.  Figs.  i6  (a)  and  i6  (6).  For  all  the  region 
where  the  grid  current  is  much  the  smaller  of  the  two, 
that  is,  for  all  but  the  right-hand  bottom  corner  of  the 
diagram,  the  lines  of  constant  anode  current  are  nearly 
straight  and  nearly  parallel.  Now  the  inclination  of 
the  Imes  to  the  horizontal — measured  as  a  slope  of  n  to 
I — is  the  measure  of  the  effective  value  of  the  grid  or 
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Figs.  1 7  [a)  and  17  (i). — General  characteristics  of  soft  valve. 
Minute  currents  are  shown  by  broken  lines. 

valves  is  illustrated  by  comparison  of  Figs.  16  and 
17.  The  soft  valve  is  clearly  not  so  simple  as  the  hard, 
but  it  is  noteworthy  that  up  to  the  point  B  there  is 
little  difference  between  a  valve  with  the  highest  vacuum 
and  one  which  is  filled  with  gas  to  the  maximum  practic- 
able extent.  At  A  on  the  diagrams,  where  most  of 
the  current  is  going  to  the  grid,  the  anode  current  varies 
little  with  the  grid  voltage,  rather  more  between  A 
and  B,  but  very  little  again  beyond  B.  B  is  a  point 
at  which  the  gas  begins  to  ionize.  The  ionization,  which 
is  consequent  on  the  anode  voltage  exceeding  the  ioniza- 
tion value,  causes  a  large  increase  of  both  anode  and  grid 
current,  and  so  both  sets  of  current  contours  swing  off 
sharply  to  the  left,  the  horizontal  direction  of  the  lines 
indicating  that  the  valve  is  in  this  region  much  more 
sensitive  to  the  value  of  the  anode  voltage  than  to  that 
of  the  grid  voltage. 

The  curve  marked  O  on  the  grid-current  diagram  is 
the  line  of  zero  grid  current,  whilst  the  curves  to  the  left 
of  this  near  the  point  C  represent  reverse  grid  currents 
or  "  backlash."  The  curve  E  F  is  drawn  for  a  very 
small  anode  current  (e.g.  10  micro-amperes).  It  is  a 
nearl)'  straight  Ime,  and  the  slope  of  the  lower  part  of 
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it  is  of  importance,  as  it  gives  a  close  approximation 
to  the  value  of  m  for  high-vacuum  conditions.  It  is 
only  the  lower  contours  like  E  F.  that  can  be  used  thus 
for  measuring  the  effective  closeness  of  the  grid  fitted, 
the  others  such  AB,  CD,  are  profoundly  modified  by  the 
presence  of  gas. 

Extending  the  diagram  in  the  direction  of  increasing 
positive  grid  voltage,  until  the  grid  voltage  exceeds 
the  ionization  value,  the  grid  current  is  found  to  rise 
very  steeply,  and  there  appears  in  the  anode  surface  a 
bulge  or  shoulder  G,  followed  by  a  hollow  indicating  a 
reversal  of  the  anode  current,  just  as  pre\-iouslj'  described 
for  the  grid  current  at  high  anode  voltages.  That  the 
functions  of  the  two  electrodes  should  be  thus  inter- 
changed even  in  the  soft  valve,  simply  by  making  a 
suitable  transposition  of  their  voltage  adjustments, 
is  remarkable,  and  pro\-ides,  when  all  parts  of  the  com- 
plete surfaces  are  passed  in  review,  a  great  variety  of 
combinations  of  characteristic  slopes,  ver\'  few  of  which 
have  as  yet  been  utilized  in  practice. 

This  conception  of  the  generalized  characteristics 
of  the  soft  valve  as  distinct  from  the  hard  owed  its 
full  development  to  the  study  of  an  experimental  valve 
sent  by  Professor  F.  Horton  in  October  1916.  This 
valve  was  filled  with  helium  which  was  and  remained 
very  pure,  so  that  the  valve  was  very  steady,  and  the 
appearance  of  the  ionization  effects  as  either  voltage 
attained  the  critical  value  of  21  volts  was  very  sharply 
defined.  Shortly-  afterwards  similar  observations  were 
made  on  some  experimental  valves  received  from 
Professor  O.  W.  Richardson.  These,  together  with  a 
re-plotting  on  the  contour  system  of  Stead's  charac- 
teristics of  valves  with  movable  electrodes,  both  plane 
and  cylindrical,  all  confirmed  the  general  form  of  the 
soft  valve  characteristics  shown  in  Figs.  17  (a)  and  (fc). 

Richardson's  valves  were  exhausted  for  many  hours 
in  a  vacuum  furnace,  and  were  beautiful  instruments 
for  expeiimental  investigation.  The  ionizable  atmo- 
sphere consisted  of  mercury  vapour  from  a  reservoir 
containing  mercury.  By  enclosing  the  valve  in  an 
oven  and  suitably  warming  it,  standard  characteristics 
at  any  desired  degree  of  softness  could  be  obtained. 
It  is  interesting  that  when  discontinuities  began  to 
occur  as  the  valve  was  softened,  they  were  limited  at 
first  to  a  small  enclosed  region  just  above  the  shoulder 
of  the  anode  surface  at  C,  disappearing  again  when  the 
anode  voltage  was  sufiiciently  raised.  Richardson's 
series  of  valves  of  this  kind  completely  bridged  the  gap 
between  the  audion  and  the  Round  vahe,  indicating 
that  the  general  effects  of  the  admission  of  gas  were 
the  same  in  both  of  them,  but  were  essential  in  the  close 
grid  valves  if  reasonably  steep  characteristics  were  to 
be  obtained. 

Of  all  the  combinations  of  characteristic  slopes  which 
a  soft  valve  can  give,  those  used  in  practice  seem  to 
have  been  confined  to  the  area  near  the  point  C  on  the 
general  diagram,  which  lies  on  the  shoulder  of  the  anode 
surface  where  the  slope  is  steep,  but  the  run  of  the  con- 
tours has  swung  back  almost  to  its  original  direction, 
bringing  the  factor  m  back  to  something  approaching 
its  value  for  the  same  valve  with  a  high  vacuum. 

On  the  grid-current  surface  the  corresponding  area 
comes  at  the  head  of  the  hollow  representing  the  reversal 


of  the  grid  current  due  to  the  positive  ions.  Here  the 
curvature  in  the  direction  of  grid  voltage  is  often 
particularly  sharp,  giving  good  rectification  in  circuits 
where  a  condenser  is  included  in  the  grid  connection 
to  receive  the  rectified  charge. 

On  the  current-contour  form  of  diagram  simultaneous 
variations  of  grid  and  anode  voltage,  such  as  occur  in 
practice  in  almost  all  circuits,  can  readily  be  followed. 

The  course  of  a  cycle  of  voltage  variation  can  be 
shown  as  a  closed  curve  described  on  the  surface.  The 
successive  intersections  of  this  curve  with  the  current 
contours  indicate  the  current  variations  during  the 
various  parts  of  the  cycle.  For  a  valve  which  is  generat- 
ing oscillations  of  measured  amplitude  in  a  circuit 
the  dimensions  of  all  components  of  which  are  known, 
the  form  of  the  ellipse  depicting  the  simultaneous 
voltage  variations  can  be  calculated  bj'  means  of  vector 
diagrams. 

A  mathematical  theorj'  of  a  soft  triode  valve  idealized 
as  regards  the  structure  of  the  grid  and  filament,  but 
showing  how  for  any  gas  there  would  be  an  upper 
Umit  of  the  pressure,  and  voltage  adjustments,  at  which 
indefinitelv  steep  characteiistics  would  be  obtained, 
and  showing  further  the  relative  behaviour  of  different 
gases  in  this  respect,  was  communicated  by  Sir  J.  J. 
Thomson  early  in  1916.  An  extension  of  this  showed 
that  the  more  open  the  grid  the  lower  would  be  the 
limiting  pressure,  and  gave  some  approach  to  the 
observed  form  of  the  characteristic  surface  for  anode 
current  in  the  region  of  negative  grid  voltage,  indicating, 
for  instance,  that  the  increase  in  velocity  of  the  positive 
ions  \vith  increase  in  anode  voltage  would  have  the 
eSect  of  increasing  m  above  its  liigh- vacuum  value, 
as  actually  observed. 

The  general  investigation  of  the  characteristics  and 
behaviour  of  soft  valves  had  progressed  almost  to  the 
extent  covered  by  the  preceding  sections,  when  serious 
difficulties  in  the  manufacture  of  audions  began  to  be 
encountered  by  the  B.T.Ii.  Company  early  in  1917. 

The  audion  suffers  very  much  from  discontinuities 
in  its  characteristics,  and  the  point  of  discontinuity  is 
particularly  susceptible  to  change  in  the  pressure  or 
composition  of  the  contained  gas,  the  limiting  quantity 
of  which  is  in  any  case  small  with  so  open  a  grid.  As 
the  best  working  adjustment  came  only  too  close  to  the 
point  where  a  general  glow  diffused  throughout  the 
bulb  appeared,  accompanied  by  a  break  in  the  charac- 
teristics, which  made  the  valve  either  inactive  or  at 
least  ver}-  erratic,  such  faults  could  be  verv'  trouble- 
some, particularly  to  those  who  were  not  used  to  them 
or  content  with  less  sensitive  adjustments. 

The  glow  point,  indeed,  was  at  first  actually  used  to 
indicate  the  degree  of  softness  in  manufacture,  but 
proved  an  erratic  and  unsatisfactory  guide,  the  per- 
formance of  the  test  itself  giving  rise  to  changes  of  the 
nature  and  quantity  of  the  gas  sufficient  to  alter  the 
properties  of  the  valve. 

A  deliberate  attempt  at  so  modifying  the  design  of  the 
audion  as  to  make  its  characteristics  specifiable  and 
reproducible  was  begun  in  the  spring  of  1917.  The 
question  of  the  glow  point  was  dealt  with  first.  In 
experimental  soft  cyUndrical  valves  made  by  the 
B.T.H.  Company-  it  was  found  to  be  practically  non- 
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existent.  This  makes  it  appear  that  the  geneial  glow 
is  due  to  ionization  along  the  tracks  of  electrons  which 
travel  from  the  filament  to  the  anode  by  long  paths 
outside  the  electrodes.  The  grid  has  no  control  over 
what  occurs  in  these  regions.  The  probability  of  such 
paths  is  greatly  diminished  by  adopting  a  cvlindrical 
construction  for  the  electrodes,  and  it  has  been  found 
possible  by  this  means  to  use  much  higher  gas  pressure 
than  before.  To  test  this  point  further  a  special  valve 
was  constructed  in  which  the  anode  consisted  of  a 
cylinder,  one  end  being  permanentlv  closed  and  the 
other  end  capable  of  being  closed  when  desired  b\'  means 
of  a  cup  carried  on  a  stem  floating  in  mercury.  Observa- 
tions were  made  on  tills  valve  with  the  anode  open  and 
closed,  and  it  was  found  that  by  closing  the  anode  the 
general  glow  could  be  entirely  eliminated  and  "  kinks  " 
in  the  characteristics  avoided. 

In  other  respects  besides  this  matter  of  the  glow- 
point  manufactuiing  considerations  were  much  in 
favour  of  the  cylindrical  construction  as   used  in  the 
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Fig.  iS. — "R2"  valve,  filled  with  nitrogen  at  01  mm.' 
pressure, 

French  valve.  In  particular,  this  construction,  like 
that  of  the  ordinarj'  incandescent  lamp,  allowed  all 
adjustment  of  the  electrodes  to  be  made  before  they 
were  put  in  the  bulb,  and  involved  no  hand  glass- 
blower's  work. 

The  possibilit}'  of  reproducing  the  audion  charac- 
teristics with  this  construction  had  therefore  now  to  be 
investigated.  Four  cylindrical  valves  were  taken  as  a 
preliminary  and  characteristics  were  taken  in  a  nitrogen 
atmosphere  at  pressures  ranging  from  o-oi8  mm.  to 
0-056  mm.  These  indicated  that  much  higher  pressures 
were  practicable  with  these  valves  than  with  those  of 
the  audion  type  with  flat  anodes  and  zigzag  grids. 
It  was  hoped  that  greater  constancy  would  residt  from 
the  presence  of  so  much  more  gas,  and  trials  of  a  sub- 
stitute for  the  audion  were  decided  upon. 

Three  cylindrical-type  valves,  \vith  different  grids, 
and  two  audion-type  valves,  also  with  different  grids, 
were  then  sealed  on  to  the  pump  and  exhausted,  and  a 
long  series  of  trials  were  carried  out  in  nitrogen  at  various 


pressures.  These  trials  involved  tests  of  the  working  of 
the  valves  in  circuits  of  the  ultraudion  type,  the  upper 
and  lower  limits  of  anode  voltage  for  which  the  valves 
would  produce  oscillations  being  determined  for  a  series 
of  pressures  between  0-007)  nim.  and  o-6  mm.  In 
most  cases  these  oscillations  were  produced  under  diffi- 
cult conditions  with  an  inductance  of  1,000  micro- 
henries and  a  capacity  of  0-005  nifd.,  together  with  an 
additional  resistance  of  2  ohms  in  the  oscillating  cir- 
cuit, though  other  wave-lengths  and  other  resistances 
were  also  tried. 

Characteristics,  e.g.  Fig.  18,  were  drawn  iov  the  differ- 
ent valves  and  different  pressures,  for  anode  voltages 
chiefly  in  the  neighbourhood  of  the  upper  and  lower 
limits  for  which  oscillations  were  possible. 

The  trials  in  the  ultraudion  detector  circuit  showed 
that  a  cylindrical  valve  with  a  thick  wire  grid  was  the 
most  sensitive,  and  this  construction  has  been  adopted 
in  valve  No.  lii,  the  grid  of  which  is  of  0-4  mm.  wire 
in  a  spiral  of  5-5  funis  per  cm.  and  mean  diameter  4-5 
mm.  Full  characteristics  were  therefore  drawn  for 
reference  purposes  for  this  type  of  valve,  using  a  nitrogen 
atmosphere  at  various  pressures  between  0-0045  nim. 
and  0-5  mm. 

As  a  result  of  these  experiments  a  pressure  of  a  lout 
0-06  mm.  waj  adopted  for  the  nitrogen-filled  R2 
valves.  It  was  a  ma,tter  of  great  importance  for  the 
manufacturer  of  valves  to  be  able  to  get  an  estimate  of 
this  pressure  easily,  before  sealing  off  the  valves  from 
the  pump.  It  was  also  highly  desirable  to  have  some 
method  of  estimating  the  pressure  in  a  valve  after  it 
had  been  sealed  oS.  The  method  which  has  been  adopted 
for  estimating  the  pressure  in  a  valve  while  still  on  the 
pump  was  to  have  a.  special  "  vacuum  tube  "  attached 
to  the  apparatus  and  measure  the  \\'idth  of  the  "  cathode 
dark  space." 

The  electrodes  of  the  tube  were  of  aluminium,  the 
cathode  being  a  large  disc.  When  a  discharge  from  an 
induction  coil  is  passed  through  the  tube,  there  is  a 
glow  separated  from  the  cathode  by  a  dark  space  of 
sharply  defined  width.  This  width  increases  as  the 
pressure  diminishes,  and  also  depends  somewhat  on 
the  current  density  through  the  tube.  The  latter  effect 
is  sufficiently  eliminated  by  using  a  tube  of  standard 
dimensions,  and  an  induction  coil  of  a  definite  size. 
Curves  were  drawn  showing  the  connection  between  the 
pressure  and  the  width  of  the  dark  space  for  nitrogen, 
hydrogen,  helium,  argon,  and  carbon  monoxide.  This 
was  the  method  used  in  adjusting  the  gas  pressure  in 
the  first  6,000  R2  valves  containing  mixed  nitrogen 
and  electrode  gas. 

In  order  to  estimate  the  pressure  in  a  closed  valve, 
use  has  been  made  of  the  variation  in  the  amount  of 
"  backlash  "  with  the  pressure.  When  the  grid  is 
one  or  two  volts  negative  to  the  negative  end  of  the 
filament,  a  reverse  grid  current  is  obtained  as  soon  as 
the  anode  potential  exceeds  the  ionization  potential 
of  the  gas,  and  this  increases  as  the  anode  potential  is 
further  increased,  owing  to  the  increase  in  the  number 
of  positive  ions  present.  The  anode  voltage  required 
to  produce  any  particular  backlash  current  increases 
as  the  pressure  diminishes,  and  this  is  used  to  give  an 
estimate  of  the  pressure.     For  this  purpose,  curves  were 
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drawn  showing  the  relation  between  the  pressure  and 
the  anode  voltage  required  to  give  a  backlash  current 
of  I  micro-ampere,  the  grid  being  1-5,  2-0  or  2-5  volts 
negative  to  the  negative  end  of  the  filament.  Curves 
of  this  kind  are  now  available  for  nitrogen,  hydrogen, 
helium,  argon,  and  carbon  monoxide.  Fig.  19  shows 
the  curves  for  pure  helium  and  for  helium  contaminated 
by  a  considerable  amount  of  electrode  gas. 

The  dimensions  of  the  electrodes,  vacuum-tube  tests, 
and  a  curve  of  pressure  and  reverse  grid  current  were 
all  embodied  in  an  outline  specification  of  the  R2 
valve,  together  with  suggestions  as  to  the  method  of 
exhaust,  and  were  communicated  to  several  lamp- 
making  firnrs.  As  before  in  the  case  of  the  high-power 
transmitting  valves,  the  Osram-Robertson  works  were 
the  first  to  begin  production  in  quantity,  and  fron^  this 
point,  June  191 7,  there  was  never  any  fcute  shortage 
of  recei\ing  valves  for  the  naval  sets  in  use. 

The  first  nitrogen-filled  R2  valves  were  found  in 
practice  to  have  one  serious  defect — the  nitrogen 
gradually  disappeared  during  the  running  of  the  valves, 
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Pressure  of  helium     ■    mm.  of  nercury 
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presumably  being  absorbed  in  the  electrodes.  For  this 
reason  it  was  thought  that  a  chemically  inert  gas 
might  be  more  satisfactory.  Argon  was  first  tried 
and  experiments  on  oscillating  points  were  carried  out, 
thoroughly  satisfactory  result":  being  obtained.  Charac- 
teristics were  also  obtained  for  various  pressures.  It 
was  found,  however,  that  tungsten  filaments  disinte- 
grated rapidly  in  an  argon  atmosphere,  probably 
owing  to  the  large  mass  of  the  positive  ions,  the 
life  being  so  short  that  the  use  of  this  gas  had  to  be 
abandoned. 

'Helium  was  next  tried,  for  reasons  which  had  gradu- 
ally been  coming  to  light. 

Experiments  had  been  carried  out  with  an  audion 
\alve  containing  hydrogen  at  various  pressures  between 
o-o^i  ram.  and  0-0025  mm.  and  characteristic  curves 
obtained.  Similar  experiments  were  made  for  a 
nitrogen  atmosphere  over  a  range  of  pressures  from 
0-038  mm.  to  0-0005  mm.  Special  attention  was  paid 
to  the  small  reverse  grid  current,  often  referred  to  as 
"  backlash,"  obtained  when   the  grid  is  made  slightly 
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negative  to  the  negative  end  of  the  filament.  The 
\'ariation  of  the  backlash  current  with  the  pressure 
and  the  nature  of  the  gas  was  studied,  and  it  was  found 
that  in  nitrogen,  and  still  more  in  hydrogen,  the  effect 
is  much  greater  (at  a  given  pressure)  than  in  mercury 
vapour,  which  had  been  previously  studied. 

In  a  theoretical  investigation  of  the  "  ideal  "  case 
communicated  by  Sir  J.  J.  Thomson,  it  was  shown  that 
the  characteristics  of  a  valve  in  which  gas  was  being 
ionized  would  become  extremely  steep  whenever  the 
produc't 

mass  of  positive  ion  from  gas 

X  (current  of  positive  ions)^ 

became  greater  than  the  corresponding  product 

mass  of  negative  electron  from  filament 

X  (current  of  negative  electrons) - 

This  conclusion  is  confirmed  by  the  results  obtained 
with  actual  valves. 

In  hydrogen,  where  the  positive  ion  is  light,  a  large 
positive  current  is  required.  The  presence  of  this  is 
shown  by  the  large  "  backlash  "  in  hydrogen.  To 
supply  the  ions  for  this  current  a  correspondingly  large 
quantity  of  gas  is  necessary,  i.e.  very  much  more  of 
a  light  gas  like  hydrogen  or  helium  is  required  to  pro- 
duce a  given  steepness  of  anode  characteristic  than  of 
a  heavy  gas  like  mercury  vapour. 

This  method  of  obtaining  corresponding  pressures 
was  successfully  applied  to  the  purpose  of  obtaming 
from  the  known  pressure  of  nitrogen  a  first  estimate 
of  the  pressure  of  helium  which  would  give  a  satis- 
factory R2  valve. 

Now  Morton's  experimental  valve  with  helium  filling 
had  shown  the  advantage  of  this  gas  in  giving  constancy 
of  beha\dour,  and  he  had  also  used  it  in  many  other 
experimental  valves  both  before  and  after  the  one  we 
examined.  Advantages  on  the  theoretical  side  had,  as 
described,  become  obvious  in  the  meantime.  His 
advice  was  therefore  sought  on  the  question  of  convert- 
ing the  R2  valve  to  a  helium  filling,  in  particular  as 
regards  the  supply  of  gas,  which  turned  out  to  be  by 
no  means  so  rare  in  the  eyes  of  Messrs.  Tyrer,  from 
whom  we  obtained  it,  as  we  had  imagined.  He  also 
refilled  several  R2  valves  with  helium  at  pressures 
indicated  by  the  theory  as  corresponding  to  the  pressure 
of  nitrogen  previously  used  ;  and  these  valves  were 
found  to  be  as  constant  as  had  been  hoped  throughout 
tests  of  several  hundred  hours'  duration. 

The  experiments  originally  carried  out  for  nitrogen,  as 
described  above,  were  repeated  for  helium.  It  was 
found  to  give  most  satisfactory  results,  and  it  was 
adopted  in  R2  valves  in  place  of  nitrogen.  It  is  not 
absorbed  by  the  electrodes,  like  nitrogen,  nor  docs  it 
cause  disintegration  of  the  filament,  as  in  the  case  of 
argon.  For  a  given  pressure  a  helium  valve  is  much 
harder  than  a  nitrogen  valve  ;  in  other  words,  a  much 
higher  pressure  of  helium  must  be  used  to  obtain  given 
characteristics  than  is  required  in  the  case  of  nitrogen. 
Roughly,  the  pressure  of  helium  required  is  about 
10  times  the  corresponding  pressure  of  nitrogen.  In 
R2  valves  the  pressure  adopted  for  the  helium  is 
about  0-6  mm.     As  in  the  case  of  nitrogen,  standard 


688 


GOSSLING:   THE    DEVELOPMENT   OF 


characteristics,  e.g.  Fig.  20,  at  various  measured 
pressures  of  helium  between  0-05  and  4-0  mm.  were 
examined. 

Manufacture  of  Iielium-iilled  R2  valves  was  begun  in 
September  1917,  but  owing  to  the  same  changes  in  tlie 
gas-content  of  the  metal  parts  as  had  given  trouble  in 
the  development  of  the  R4  valve,  they  did  not  all 
behave  as  helium  valves.  In  some  the  working  anode 
voltage  was  lowered  by  contamination  of  the  helium 
by  more  easily  ionizable  gases — one  of  the  few  diffi- 
culties special  to  helium.  These  valves  had  merely 
the  same  exhaust  as  a  vacuum  lamp,  mechanical 
pumps  only  being  used.  All  diffusion  pumps  and  bom- 
bardment installations  were  at  this  time  required  for 
the  supply  of  "  R  "  valves  to  the  Army,  which  was  then, 
and  for  some  months  after,  a  pressing  need.  To  expel  the 
electrode  gases  the  filaments  were  somewhat  overburnt, 
and  it  was  difficult  to  avoid  shortening  the  lives  by  so 
doing.  On  the  other  hand  it  was  necessary  to  expel 
enough  gas  for  the  valves  to  be  constant.     There  were. 
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20. — -"  R2  "  valve,   filled  with  helium  at  o-6  mm. 
pressure. 


however,  many  good  valves  giving  lives  of  about  1,000 
hours. 

The  final  step  of  exhausting  the  valves  as  if  they  were 
to  have  a  permanent  high  vacuum,  and  then  admitting 
the  helium,  was  not  taken  until  about  a  year  later.  By 
this  process,  provided  that  precautions  against  the  intro- 
duction of  mercury  vapour  were  observed,  valves  are 
obtained  which  are  all  as  constant  throughout  their 
life  as  are  high  vacuum  valves.  Like  them  also,  they 
differ  amongst  themselves  somewhat,  but  to  the  same 
extent,  and  apparently  for  the  same  reasons. 

Thus  the  reliable  soft  valve,  the  evolution  of  which 
began  before  that  of  the  high-vacuum  valve,  and 
finished  later,  attained  reasonable  perfection  and  equally 
reasonable  obsolescence  at  very  nearly  the  same 
moment. 

The  soft  valve,  however,  divides  the  honours  of 
service  actually  done  during  the  war  in  naval  in- 
stallations on  equal  terms  with  its  high-vacuum 
rival,  the  R4,  which  ultimately  accompanied  it  into 
obsolescence. 


(8)  Later  Receiving  Valves. 

It  was  the  extension  of  the  use  of  valves  to  other 
receiving  instruments  besides  the  simple  heterodyne 
that  made  the  R4  valve  obsolete.  Multiple-valve 
amplifier  sets  were  on  trial  for  special  purposes  in 
1917,  and  the  properties  of  valves  suitable  for  use 
in  them  were  made  the  subject  of  general  inquiry 
next  after  the  power  valves.  The  chief  result  of  this 
work  was  to  illustrate  the  difficulty  of  designing  small 
valves.  For  instance,  if  the  formulae  already  given 
for  power  valves  are  applied  to  receiving  valves,  and 
further  compact  formute  evolved  embodying  the 
essential  properties  of  a  valve  for  use,  for  example, 
in  a  resistance  amplifier,  the  results  arc  of  far  less 
practical  value  than  had  been  found  in  the  more  for- 
tunate previous  case  of  the  power  valve,  for  the  very 
good  reason  that  the  simple  formuhu  correspond  to 
characteristics  dift'ering  too  widely  from  those  actually 
observed  in  small  valves.  The  discrepancy  is  due,  in 
the  first  place,  to  doubt  as  to  the  effective  length  of  the 
filament.  Given  the  diameter  of  a  filament  the  tem- 
perature of  its  central  portion  corresponding  to  a 
particular  value  of  the  heating  current  can  readily  be 
determined,  and  thence  also  the  saturated  electron 
emission  per  unit  length  of  the  filament  in  question. 
If  now  the  length  which  would  give  the  observed  total 
emission  is  taken  as  the  effective  length,  it  is  found  that 
in  filaments  working  at  4  volts  or  so  the  cori'ection  thus 
made  amounts  to  a  verj'  large  fraction  of  the  total 
length  of  the  actual  filament. 

Again,  in  most  receiving  valves  the  filament  voltage 
is  of  the  same  order  as  the  potential  difference  e/w  -f  e' 
between  the  negative  end  of  the  filament  and  the  region 
of  the  grid.  Hence  it  becomes  necessary  to  know,  not 
only  the  number  of  electrons  which  each  small  section 
of  the  filament  is  capable  of  emitting,  but  also  its 
potential  relative  to  the  negative  end  in  order  to  correct 
the  value  before  assigned  to  the  field  tending  to  remove 
the  electrons.  For  any  exact  knowledge  of  the  effects 
responsible  for  the  observed  form  of  the  characteristics 
of  small  valves,  a  previous  determination  of  the  distri- 
bution of  temperature  along  the  filament  was  required. 
Mr.  Stead  undertook,  and  verj^  soon  completed,  an 
experimental  investigation  of  this,  adding  a  theoretical 
extension  enabling  the  temperature  distribution  to  be 
calculated  for  filaments  of  any  dimensions.  This  work 
has  already  been  fully  described  in  a  paper  pubhshed 
in  the  Journal  of  this  Institution.* 

As  a  result,  apart  from  the  light  thrown  on  the  origins 
of  the  characteristics,  it  became  possible  to  design 
alternative  filaments  without  experimental  trial,  just 
as  previously  with  alternative  grids  by  the  use  of  Sir 
J.  J.  Thomson's  formula.  For  example,  given  the 
filament  supply-voltage  as  determined  by  the  accumu- 
lators fitted  in  an  existing  set,  and  the  desired  value 
of  the  saturation  current,  it  became  possible  to  cal- 
culate the  dimensions  of  a  whole  series  of  alternatives 
ranging  from  cold,  thick,  and  long  filaments  on  the 
one  side  to  short,  thin  and  hot  ones  on  the  other. 
The  members  of  such  a  series  differ  in  heating  current 
and  in  life. 

•  Stead:  Journal  I. E.E.,  1920,  vol.  58,  p.  107. 
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Fig.  2 1  gives  a  set  of  curves  so  calculated  for  filaments 
all  of  which  will  give  a  saturated  emission  current  of 
So  milliamperes,  and  require  a  (>  volts  suppiv  for  the 
heating  current.  The  extent  to  which  reduction  of 
heating  current  has  to  be  paid  for  by  sacrifice  of  working 
life  is  here  clearly  shown.  This  series  refers,  it  should 
be  said,  to  the  design  of  small  transmitting  valves. 
The  Army  B  valve  comes  near  the  low-current  end, 
and  the  results  of  the  hfe  tests  were  the  basis  of  the 
design  of  the  filaments  of  the  R.A.F.  F  valve  which 
comes  near  the  middle,  and  of  the  naval  T5  which, 
in  order  to  obtain  a  longer  life  still,  was  given  a  current 
a  little  above  the  highest  shown. 

Similar  series  of  receiving  valves  were  worked  out 
and  tested,  and  a  substitute  for  the  R4  valve  known  as 
R4.\  having  little  more  than  one-half  the  filament 
current,  and  therefore  better  suited  to  double-valve 
sets  were  selected.  In  this  case  the  diameter  was 
actually  selected  so  as  to  give  a  reasonable  margin  of 
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Fig.  21. — Alternative  filaments,   o-volt  supply,   80  m.a. 
emission. 

mechanical  strength,  and  the  life  obtained,  some  1,500 
hours,  was  still  reasonably  long. 

During  the  life  tests  referred  to,  steady  potentials 
approximating  as  closely  as  possible  to  those  experienced 
by  the  valve  under  working  conditions  were  appUed, 
and  the  valves  re-tested  at  intervals  of  one  to  seven 
days.  The  average  life  was  determined  from  a  batch 
of  at  least  five  valves,  and  the  longest  life  was  commonly 
observed  to  be  about  twice  as  long  as  the  shortest. 
Many  tests  of  this  kind  were  carried  out  at  the  Signal 
School  during  1917-18,  involving  a  very  large  amount 
of  careful  work,  the  results  of  which  were  of  the  greatest 
value  in  setting  a  proper  standard  of  reliability  in 
worldng,  and  also  making  correct  estimates  of  suppUes 
required  for  naval  purposes. 

As  in  other  similar  cases  the  trials  of  cascade  circuits 
of  high  amplifying  power  soon  made  conspicuous  the 
existence  of  "valve  noises  "  ascribable  to  rapid  variation 
in  the  action  of  the  valve.  The  deleterious  effects  of  the 
presence  of  thoria  in  the  "  tungsten  "  filament  were 
studied  by  Dr.  Hodgson,  Capt.  Mullard,  and  Prof.  G.  B. 


Bryan  in  connection  with  the  R  valve  at  the  end  of 
1917.  Almost  all  filaments  are  noisy  if  the  temperature 
is  sufficiently  raised.  In  the  R4  the  working  temperature 
is  so  low  that  in  many  cases  the  crackling  noise  char- 
acteristic of  thoria  is  absent  although  thoria  was  actually 
present.  In  the  R4A,  the  reduced  diameter  was  accom- 
panied by  a  rise  of  temperature  sufficient  to  make  most 
R4-\  valves  too  noisy  for  use  in  amplifiers. 

For  some  ampUfiers  a  similar  valve,  called  "  R4B," 
was  used  having  a  filament  of  unalloyed  tungsten. 
The  R4B  filament  thus  arrived  at  has  practically  the 
same  dimensions  as  that  of  the  original  French  valve, 
but  is  somewhat  quieter  in  working,  because  the  slightly 
smaller  grid  diameter  makes  the  working  ctnode  current 
of  the  R4B  distinctly  the  smaller.  The  saturation 
current,  and  therefore  the  filament  temperature  can 
thus  be  lower,  and  the  noises  are  consequently  reduced. 
The  change  from  thoriated  to  pure  tungsten  made  no 
appreciable  difference  to  the  working  life.  E\-idently 
the  temperature  is  not  high  enough  for  the  special 
advantages  of  thoriated  tungsten  to  appear.  In  all 
later  receiving  valves,  therefore,  pure  tungsten  was 
used,  and  it  was  found  that  silence  was  generally  obtained 
up  to  a  working  temperature  of  2,300°  K.  on  Stead's 
scale,  and  with  selected  specimens  of  metal  up  to 
2,600°  K.  The  conditions  for  noise-testing  were  par- 
ticularly severe,  all  extraneous  disturbances,  acoustic 
and  electrical,  being  ehminated  by  most  elaborate 
screening,  and  amplification  of  the  order  of  at  least 
three  stages  at  audio  frequency  being  employed. 

During  the  early  part  of  19 18  the  trials  of  the  various 
valves  mentioned  in  the  preceding  paragraphs  absorbed 
the  available  facihties  for  experimental  work  on  small 
valves.  It  was,  however,  sufficiently  clear  that  an 
ampUfjang  valve  should  have  a  filament  working  below 
j  the  noise  point,  and  that  its  response  to  changes  in  the 
combined  voltage,  ejm  -~  e',  should  be  as  large  as 
possible  while  keeping  down  the  power  expended  in 
heating  the  filament,  the  anode  voltage,  and  also, 
particularly  where  the  anode  circuit  was  to  include  a 
high  resistance,  the  anode  current.  A  further  attempt 
was  therefore  made  at  selecting,  on  theoretical  grounds, 
a  combination  of  electrode  dimensions  so  as  to  obtain 
some  approach  to  an  optimum  in  respect  of  these 
essentials. 

In  order  to  trace  the  several  effects  of  the  different 
factors,  the  theory  was  idealized  to  a  considerable 
extent,  the  stage  of  approximation  corresponding  to 
curve  4  in  Fig.  22,  as  described  later.  It  became  clear 
that  the  distance  between  grid  and  filament  was  the 
chief  controlhng  factor,  and  that  no  very  marked 
improvement  on  existing  valves  was  therefore  hkelj', 
though  some  reduction  in  the  various  currents  and 
voltages  was  possible  without  spoihng  the  character- 
istics. 

The  results  when  valves  came  to  be  made  up  were 
somewhat  disappointing,  and  showed  that  such  experi- 
mental confirmation  of  the  theory  as  had  been  available 
was  spurious  as  regards  the  average  valve,  being  based 
on  freak  observations  such  as  are  usually  obtained  in  a 
small  proportion  of  cases,  as  explained  later  in  connection 
with  the  standardization  of  small  valves.  That  the 
optimum  was  not  reached  at  the  first  attempt  was  only 
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too  clear,  for  the  characteristics  obtained  were  not  so 
good  as  those  of  Round's  "  V24  "  until  the  filament 
had  been  re-designed  so  as  to  give  a  saturation  current 
four  times  the  working  current  instead  of,  as  expected, 
about  twice. 

F"ortunatelv,  the  margins  allowed  in  respect  of 
noisiness  and  life  both  permitted  the  change  without 
marked  disadvantage. 

Witli  this  modification  these  valves,  called  "  R.')," 
showed  'only  one  advantage  in  working  over  their 
collateral  relatives,  the  "  V24."  They  gave  generally 
equal  results  in  operation  with  a  filament  voltage  just 
within,  instead  of  just  outside,  the  capabihties  of  a  j 
4 -volt  accumulator. 

The  theory  had  thus  been  simphfied  to  too  great  an 
extent  and  the  final  design  of  the  R5  was  really  empirical. 


filament  is  incandescent.  It  could,  however,  be  further 
reduced  by  about  0-5  cm.  if  the  anode  and  grid  con- 
nections were  not  taken  out  side  by  side  through  the 
stem. 

The  R5  among  high-vacuum  receiving  valves,  and  the 
R2A  among  the  gas-filled  types,  mark  the  final  stage 
of  development  as  far  as  valves  actually  used  in  naval 
installations  during  the  war  are  concerned. 

There  was  another  and  very  different  type,  however, 
the  evolution  of  which  was  all  but  completed.  This  was 
a  valve  distinguished  by  having  a  grid  consisting  of  a 
Hat  plate  close  to  the  filament  and  on  the  opposite 
side  from  the  anode,  also  a  plate,  it  was  the  outcome 
of  a  long  series  of  trials  undertaken  by  I^rofessor  O.  W. 
Richardson  and  Mr.  F.  S.  Robertson  at  King's  College 
at  the  invitation  of  the  Admiralty  rather  more  than  a 
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but  the  nature  of  the  discrepancy  between  calculation 
and  observation  showed  that  eithe."  of  these  va,lves 
represented  some  approach  to  finality  in  valves  of  this 
tj'pe.  All  the  small  vaK'es  developed  in  the  period 
covered  by  this  paper,  whether  French,  English, 
American,  or  German  stopped  at  points  not  far  from 
that  here  reached. 

In  standardizing  these  valves  it  was  decided  to 
adopt  the  bulb  and  cap  developed  by  Captain  Mullard 
for  the  Royal  Air  Force  shortly  before,  at  a  time  when 
it  appeared  that  the  demand  for  a  rapid  acceleration  of 
output  could  not  be  met  by  the  V24  owing  to  the  manual 
skill  required  in  its  construction.  The  anode  of  the 
R5  was  made  short  and  wide  in  order  to  reduce  the 
electrostatic  capacity  between  anode  and  grid,  a  matter 
of  great  importance  in  high-power  amplifiers.  The 
actual  capacity  is  2-0  cm.,  and  is  less  still  when  the 


year  before.  It  gave  characteristics  identical  in  the 
usual  working  region  with  those  of  the  "  R  "  valve, 
thereby  demonstrating  that  the  cylindrical  construction 
with  grid  interposed  between  filament  and  anode  is 
more  conventional  than  necessary. 

(9)  Valves  with  Low  Operating  Voltages, 
Calculation  of  Characteristics. 

That  it  is  possible  to  build  up  a  theory  which  accounts 
with  some  approach  to  completeness  for  the  several 
parts  played  by  the  various  factors  influencing  the 
passage  of  current  through  a  small  valve  may  be  illus- 
trated by  comparing  an  observed  characteristic  with 
characteristics  calculated  using  successive  stages  of 
approximation. 

Curve  I  in  Fig.  22  shows  the  curve  connecting  space- 
current   and   anode  voltage  plotted   from   observations 
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on  a  small  diode  valve  which  was  well  exhausted  and  had 
a  cylindrical  anode  of  diameter  0-45  cm.,  i.e.  the  same 
as  that  of  the  grid  of  an  "  R  "  valve.  The  filament  also 
w-as  near  to  that  of  the  "  R  "  in  diameter,  0-0037  cm., 
but  its  length  was  greater,  3-05  cm.  instead  of  2  cm. 
Each  end  of  this  filament  would  show  an  appreciable 
temperature  gradient  due  to  conduction  to  the  supports 
for  a  lengtfi  of  o-8  cm.,  leaving  i  •  45  cm.  in  the  middle 
at  a  uniform  temperature,  which  could  be  calculated 
from  the  diameter  and  the  heating  current. 

In  attempting  to  reproduce  this  observed  curve  by 
calculation  we  may  start  with  the  extreme  assumption 
that  the  whole  3-05  cm.  of  the  filament  is  active,  and 
is  all  at  the  same  potential,  which  we  will  take  as  that 
of  the  centre  of  the  real  filament,  i.e.  T-g\  volts,  from 
the  conventional  zero  at  the  negative  end.  Using 
Langmuir's  formula  we  have 

I  =  2-95  X  10-5  (/^/da)  (e  -  1-91)3/" 

and  obtain  curve  2.  Simplification  to  this  extent 
clearly  takes  away  all  value  from  the  calculation  here, 
although  in  most  power  valves  it  would  have  been  quite 
legitimate. 

As  a  next  step,  recognizing  the  extent  of  the  end 
cooling  given  above,  we  may  substitute  for  the  full 
3  -05  cm.  length  of  the  wire  the  length  of  an  equivalent 
filament,  obtained  by  dividing  the  observed  saturated 
space-current  by  the  emission  per  unit  length  of  a 
filament  of  the  given  diameter  maintained  throughout 
at  the  full  central  temperature.  The  revised  length 
is  I  -g  cm.,  and  curve  3  shows  the  effect  of  the  reduction. 
The  approximation  is  closer,  but  not  yet  near  enough 
for  practical  use,  particularly  as  regards  the  top  and 
bottom  sections  of  the  curve. 

The  largest  stride  comes  with  the  next  stage,  where 
we  allow  for  a  uniform  potential  gradient  along  this 
equivalent  filament,  retaining  the  uniform  electron 
emission. 

Curve  4  is  the  result.  Here  Stoekle's*  modification 
of  Langmuir's  formula  would  apply  to  the  central 
portion,  where  the  electrons  constituting  the  space- 
current  are  drawn  from  all  points  of  the  filament,  but 
it  fails  v>-hen  any  point  is  saturated,  or  is  still  inactive 
because  its  potential  is  positive  to  that  of  the  anode. 
The  method  of  obtaining  the  full  curve,  as  shown, 
requires  more  detailed  explanation. 

In  the  method  now  to  be  described  the  temperature  of 
the  equivalent  filament  is  supposed  to  Tise  to  its  full 
value  at  a  negligibly  small  distance  from  the  filament 
end.  Such  a  filament  is  alike  at  all  points  along  its 
length.  If.  therefore,  we  plot  distance  from  the  negative 
end  against  the  supply  of  electrons  available  according 
to  the  temperature  at  each  distance,  we  get  a  very 
simple  diagram  [Figs.  23  (a)  and  23  (i)].  In  this  diagram 
the  ordinate  gives  the  total  number  of  electrons  which 
can  be  emitted  by  a  small  element  di\-ided  by  the 
dimensions  of  the  element  measured  along  the  axis  of 
the  filament.  As  the  voltage  gradient  along  this  ideal 
filament  is  the  same  at  all  points,  the  horizontal  distances 
on  the  diagram  can  be  taken  as  representing  either 
centimetres  from  the  negative  end.  or  volts  from  the 
negative  end.     In  the  first  case  [Fig.  23  (a)  j.  the  ordinate 

•  E.  R.  Stoekle  :  Physical  Review,  1916.  vol.  8,  p.  535. 


is  simply  the  total  emission  per  unit  length  of  the 
filament,  i.e.  in  the  usual  notation,  i'dy ;  in  the  second. 
Fig.  23(6),  it  is  the  emission  per  unit  voltage  displacement 
along  the  filament.  Now  the  voltage  per  unit  length 
is  E'/df,  where  E',  like  i'  above,  is  a  specific  function  of 
the  ternperature.     Hence  in  Fig.  23  (6),  the  ordinate  is 


i'  d/ 
WJVdf 


E' 


In  both  cases  the  value  of  a  current  is  indicated  bv 
an  area  on  the  diagram. 

This,  then,  is  the  distribution  of  the  available  supply 
of  electrons  in  this  simplified  case.  It  is  to  be  remarked, 
however,  that  the  same  form  of  diagram  is  equally 
applicable  and  very  convenient  in  the  case  where 
allowance  is  made  for  a  progressive  fall  of  temperature 
as  either  end  is  approached.  Stead's  work  on  the- 
design  of  short  filaments  can  therefore  be  applied 
directly  to  the  extension  of  the  methods  here  developed. 
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Fig.  23. 


In  a  valve  which  is  not  entirely  inactive  throughi 
saturation,  the  whole  of  the  available  electrons  do  not. 
of  course,  take  part  in  the  space  current.  How  many 
of  them  do  so  is  a  question  of  the  field  available  for 
remo\dng  them  from  their  starting-point  on  the  filament. 

As  the  voltage  variation  along  the  filament  is  not 
negligible,  this  field  w-ill  be  greater  at  the  negative  end- 
than  at  the  positive  end,  and  as  the  voltage  variation 
is  assumed,  for  the  present,  to  be  ideally  uniform,  the 
field  will  decrease  as  in  Figs.  24  (a)  and  24  (6).  If  the- 
applied  potential  is  small,  the  field  may  be  reversed, 
at  the  positive  end,   Fig.   24  (6). 


Anode 


Fig.  24 


fi/dment    + 
Fig.  25. 


Ivnowing  the  field  at  each  point  of  the  filament,  we 
can  construct  diagrams  on  the  same  lines  as  Figs.  23  (a) 
and  23  (6),  but  showing  the  distribution  of  the  possible- 
emission  as  lunited  by  the  field  available  at  each  point. 
Take  an  element  of  the  filament  distant  A  cm.  from 
the  end  and  therefore  at  a  potential  Ey,  where 

E\  =  E'A/Vrf,  =  AE///y 

If  the  potential  of  the  collecting  electrode  is  e,  the 
field  at  our  element  will  be  due  to  the  potential  difference 
e  —  Y.-y,  or  very  nearly  so,  provided  the  lines  of  force  run 
straight  across  and  do  not  bend  appreciably  towards 
either  end   (Fig.  25). 
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If  the  length  of  the  element  is   SA,  the  maximum 

electron    current    which    this    potential    difference    will 

remove  will  be 

A(«-EJ3/2S;\ 

i.e.  the  ordinate  in  Fig.  26  (a),  where  the  horizontal  dis- 
tances denote  actual  distances  from  the  iilament  end, 
will  be 

A  {e  -  ■E^)il'  .  SA/SA,     i.e.     A  {e  -  Ey)il' 

The  constant  A  depends  on  the  form  of  the  electrodes, 
for  a  cylindrical  valve  it  will  be 


2-92  X  io~5 


in  amperes  and  cm. 


The  corresponding   ordinate   for   Fig.    24    (b)   with   a 
Jiorizontal   scale  of  volts,    is   obtained   by  dividing  by 
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§Ey,   the    voltage    drop    ii\    the    element 
^'  hXl^/dj,  and  is  therefore 


8 A,    i.e.    by 


Kie 


E' 


It  must  be  noted  that  it  is  only  because  the  voltage 

variation    is    uniform,  i.e.  because  dK^^/dX  is    constant 

.all  along  the  filament,  that  the  two  curves  of  Fig.  26  [a) 

and  Fig.  26  (6)  have  the  same  form.     Otherwise  Fig.  26  (a) 

would  be  a  more  or  less  distorted  copy  of  Fig.  26  [b). 

From  this  point  we  will  use  the  horizontal  scale  of 
voltage  only,  as  in  Fig.  26  [b). 

If  the  field  reverses  before  the  positive  end  is  reached,, 
as  in  Fig.  24  (6),  part  of  the  filament  will  be  idle 
.(Fig.  27). 

We  are  now  in  a  position  to   show  by  superposing 


Fig.   j;. 

"Figs.  23  (6)  and  26  (6)  the  contribution  of  each  element 
of  the   filament  to   the  total   space  current. 

Several  cases  arise. 

In  each  case  the  proportion  which  the  anode  current 
actually  flowing  under  the  conditions  shown  bears  to  the 
total  available  supply  of  electrons  is  given  by  the 
relative  sizes  of  the  shaded  area  and  the  full  rectangle. 

Of  these  cases,  those  shown  in  Figs.  28  (a)  and  28  (c)  must 
clearly  occur  in  all  valves.  Fig.  28  (a)  at  the  very  bottom 
-of  the  characteristic  curve,  Fig.  28  (c)  just  before  satura- 
tion is  reached.  Whether  the  intermediate  condition  is 
that  of  Fig.  28  (b)  or  Fig.  28  (d),  will  depend  on  the  propor- 


tion of  the  strength  of  the  field  to  the  total  suppl)'  of 
electrons.  In  a  good  receiving  valve  when  the  field  can  be 
strong,  owing  to  the  small  grid  diameter,  and  space- 
currents  are  small,  we  should  expect  Fig.  28  (b)  ;  in  a 
power  valve  where  the  currents  are  large  and  the  anode 
voltage  has  to  be  very  considerably  greater  than  the 
filament  voltage  before  saturation  is  attained.  Fig.  28  {d) 
will  be  the  rule. 

As  the  voltage  applied  to  the  collecting  electrode  is 
increased,  the  curve  of  limited  emission  [Fig.  26  (fc)]  will 
be  displaced  in  the  positive  direction,  and  the  shaded 
area  correspondingly  increased. 


Part  idle, 

none 

Sdturdtec/ 

(a) 


Part  Idle, 

part 
Sdturdted 

(b) 


None  idle, 

part 
saturated 

(c) 


No  part 
Idle  or 
^saturated 

(d) 


Fig.   28. 

The  mcrease  in  the  shaded  area  for  a  given  voltage 
displacement  will  be  the  measure  of  the  slope  of  the 
characteristic. 

Figs.  29  (a)  and  29  (6)  show  by  direct  iixspection  the 
value  of  the  slope  under  any  conditions,  because  the  height 
of  the  point  of  intersection  of  the  two  curves,  or  the 
difference  of  the  two  heights  if  there  are  two  points  of 
intersection,  can  be  shown  to  be  a  nieasure  of  the  slope. 
For,  smce  the  curve  of  limited  emission  is  displaced 
without  change  of  form,  the  increase  of  area  [shaded  in 


N  N' 


(a) 


Fig.  29. 


Fig.  29  {a)  ]  may  be  supposed  to  be  that  included  between 
the  new  ordinate  of  intersection,  P,  N,  and  the  displaced 
old  one.  Pi  N'.  As  the  actual  displacement  employed 
is  made  less  and  less,  this  area  becomes  more  and  more 
indistinguishable  from  the  product  of  either  ordinate, 
new  or  old,  and  the  displacement.*     Hence  we  have  : — 

Slope,  A,  =  dljde 

Increase  of  area 


Voltage  displacement 

Area  PoNN'Pi  between  ordinates  of  intersection 
"  Voltage  displacement  NN' 

=  Ordinate  of  intersection,  P,  N 

•  It  has  been  pointed  out  to  the  author  by  Mr.  A.  C.  Bartlctt  that  when 
P  D  becomes  sensibly  horizontal  the  difference  of  the  ordinates  can  no  longer 
be  "taken  to  represent  the  slope;  the  efiects  of  the  hlameat  voltage  are  then, 
however,  all  negligible. 
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If  an  intersection  occurs  on  the  right-hand  vertical, 
the  change  of  area  will  be  less  than  expected  by  the 
area.  Q,  M  M' Qj,  Fig.  29  (6).  In  this  case  then  the 
slope  is  given  by  the  difference  between  the  ordinates 
P,  N  -  Q,  M. 

We  can  now  write  down  expressions  for  dl/de  in  the 
various  sections  of  the  characteristic  curve,  beginning 
from  the  bottom  : — 

(a)  Lower  curved  section  : 


dl/de  = 


^^^t.e^l-     Fig. 


E' 


28  (a). 


The  3/2  power  of  e  appears  because  the  length  of 
the  filament  in  action  is  proportional  to  «  ;  E'  is  a 
specific  function  of  the  filament  temperature  as  before. 

(6)  Central  straight  section  : 


dllde=—.dy 


Fig.  28  [b). 


(An  approximately  straight  central  section  for  a 
very  hot  filament  has  another  explanation,  see  next 
paragraph.) 

This  expression  for  d  Ijd  e  does  not  involve  the 
dimensions  of  the  collectmg  electrode,  and  holds  for  all 
valves,  actual  as  well  as  ideal,  provided  that  the  filament 
temperature  and  the  applied  field  are  both  low  enough 
for  the  single  intersection  in  the  central  constant  tem- 
perature region  to  be  obtainable  [Fig.  28   (6)]. 

(c)  Central  section,  not  quite  straight  : 


dllde  =  |,  Wdi)  {e^r-  -{e-  E^)3/^} 


F 


Fig.28{rf). 


As  already  stated,  this  expression  applies  to  the 
case  of  a  hot  filament  in  a  weak  field. 

If  E/  is  at  all  small  compared  with  e,  we  have  approx- 
imately, 

dl/de  =  ^,  i^/dy)  TZf  •  ^^  ■  e'l' 

But  Ey  =  E' .  If/Vdf,  so  dljde^  (3/2)  Kl/e^l-,  just  as 
in  the  simple  case  of  high-voltage  valves  where  E/  is 
negligible.  Curves  have  been  calculated  for  intermediate 
cases  where  Ey  and  e  are  comparable  in  size. 

(d)  Upper  comer  : 

dllde=  '-  d}'~A  Wdf)  [e  -  Ef)ll-  [Fig.  28(c)] 

and  diminishes  to  zero  when  the  intersection  has  passed 
beyond   the   upper  right-hand   comer  of  the   diagram. 

Returning  to  the  case  under  consideration,  curve  4 
(Fig.- 22)  was  obtained  by  means  of  Figs.  28  (a),  (c), 
and  (d).  The  two  corners,  upper  and  lower,  show 
some  approach  to  the  observed  form,  and  this  approxi- 
mation, imperfect  as  it  still  is,  naay  perhaps  be  taken 
as  the  nearest  likely  to  be  of  use  in  actual  design,  for 
at  the  next  stage  one  can  hardly  avoid  departing  from 
algebraic  formulre  and  resorting  to  graphical  methods. 

As  might  be  expected,  one  does  come  closer  to  the 
ttuth  if  one  substitutes  for  the  uniform  em.ission  and 
potential  gradient  assumed  for  curve  4  the  distribution 
Vol.   .58. 


of  temperature,  and  corresponding  distributions  of 
emission  and  potential  gradient  along  the  length  of 
the  filament  obtained  by  Stead's  method. 

For  our  case  this  gives  the  emission  diagram  shown 
by  the  full  line  in  Fig.  30  plotted  with  a  horizontal 
scale  of  voltage.  From  this  successive  values  of  the 
space-current  are  obtained  by  placing  the  curve  of 
self-limited  emission  (dotted  lines)  successively  in  the 
proper  positions  corresponding  to  the  selected  values 
of  the  voltage  e  and  counting  the  squares  under  the 
dotted  line  and  the  parts  of  the  full  line  which  it  cuts 
off.  Curve  5  thus  obtained  is  better  than  curve  4, 
though  it  is  only  at  the  bottom  end  that  the  unprove- 
ment  is  worth  the  trouble.  At  the  top  end  the  departure 
is  considerable,  largely  owing  to  the  gradual  approach 
to  saturation  shown  by  the  observed  curve.  This 
effect  is  not  covered  by  any  existing  thermionic  theorj^, 
and  has  not  been  allowed  for  in  our  calculation.  The 
error  at  the  top  of  the  curve  is,  however,   somewhat 


I 


Displdcement  dlon^  fildment  in  volts 
Fig.  30. 


exaggerated  in  appearance  owing  to  a  false  verisimilitude 
at  the  lower  end,  where  some  important  effects  have 
been  left  out  of  account. 

In  the  first  place,  it  is  knowTi  that  the  extreme  foot 
of  the  curve  has  an  extension  beyond  the  origin  in  the 
direction  of  the  negative  voltages.  The  scale  of  the 
diagrams  is  not  suitable  for  showing  this,  but  it  has  an 
exponential  form  and  the  current  increases  with  change 
of  voltage  at  the  rate  which  would  be  expected  if  the 
distribution  of  velocities  of  projection  of  the  electrons 
as  they  leave  the  filament  is  supposed  to  be  the  ruling 
factor.  To  make  allowance  for  the  velocity  distribu- 
tion in  attempting  to  approximate  further  is  therefore 
sound,  though  the  rough  method  used  in  obtaining 
curve  6  is  perhaps  open  to  criticism.  This  was  to 
suppose  that  the  electrons  leaving  any  particular 
portion  of  the  filament  with  a  high  velocity  behave  in 
every  respect  as  if  they  came  from  a  point  nearer  the 
negative  end  by  the  fraction  of  a  volt,  by  falling  tlirough 
which  they  would  acquue  this  velocity.  It  is  assumed 
that  the  proportion  of  the  electrons  from  any  point 
which  have  a  given  velocity  is  given  by  Maxwell's 
distribution  law. 

The  second  point  is  that  curve  6  is  displaced  to  the 
left  of  the  observed  curve  by  almost  the  same  amount 
as    the   upper  part  of   curve   5   into  which  it  merges. 

4(3 
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This  means  that  we  have  now  obtained  a  curve  of 
nearly  the  right  shape,  except  at  the  extreme  top, 
but  referred  to  a  zero  of  potential  which  is  displaced 
a  few  tenths  of  a  volt  with  respect  to  the  negative  end 
of  the  filament.  It  seems  reasonable  to  refer  a  zero 
displacement  of  this  order  of  magnitude  to  the  contact 
potential  difference  between  the  body  of  the  hot  tungsten 
filament  and  that  of  the  cold  nickel  anode,  especially 
since  the  zero  displacement  varies  from  valve  to  valve 
and  the  contact  potential  is.  well  known  to  be  very 
sensitive  to  changes  iia  the  surface  condition  of  the 
metal  electrodes. 

In  extending  this  theory  to  triode  valves  by  substi- 
tuting for  the  single  anode  voltage  e  the  expression 
e/m-fe',  combining  the  effects  of  the  grid  voltage  e' 
with  those  of  the  anode  voltage  e,  it  must  lie  remembered 
that  in  most  small  valves  the  value  of  m  is  by  no  means 
constant  all  along  the  filament,  particularly  when  the 
ends  of  the  filament  are  not  sufficiently  covered  by 
the  grid. 

(lo)  Spfxification  of  a  Standardized  Valve. 

It  was  always  the  practice  to  test  each  valve  indi- 
vidually before  issue.  Uniformity  as  between  one 
valve  and  another  is  a  thing  obviously  desirable  of 
attainment,  seeing  that  the  duties  of  an  operator  on 
service  lie  in  other  directions  than  the  investigation 
of  troublesome  individual  peculiarities  in  the  valves 
issued  to  him.  At  first,  when  the  action  of  valves  was 
little  understood,  the  test  took  the  form  of  an  actual 
trial  in  a  receiver.  This  single  comprehensive  test 
was,  no  doubt,  ideally  satisfactory  as  long  as  the  flexi- 
bility of  the  receiver  and  the  simplicity  of  requirements 
make  it  a  test  which  all  of  the  valves  pass  ;  but  it  is 
often  the  reverse  of  illuminating  when  rejections  begin 
to  appear.  Experience  showed  more  than  once  that 
unless  the  phj'sical  cause  of  failure  was  explored  and 
eradicated  on  its  first  appearance,  the  proportion  of 
defective  valves  was  liable  to  grow  at  an  alarming 
rate.  Testing  by  the  pragmatic  method  also  becomes 
impracticable  as  valves  come  to  be  used  in  different 
instruments. 

The  alternati\-e  of  taking  steady  current  conditions 
and  making  tests  which  amount  to  observing  a  few 
suitable  points  in  the  working  region  of  the  character- 
istics under  standard  conditions  of  filament  adjustment, 
was  gradually  substituted,  tests  in  a  receiver  being 
confined  to  special  or  doubtful  cases,  and  ultimately 
eliminated. 

A  set  of  essential  test  conditions  for  a  valve  for 
general  use  in  recei\-ing  instruments,  amplifiers,  hetero- 
dynes, or  detectors  was  ultimately  arrived  at  bv  summing 
up  the  experience  of  the  members  of  a  small  committee 
which  jointly  represented  the  Admiraltv,  War  Office, 
and  Royal  \\x  Force  in  furthering  the  rapid  expansion 
of  valve  production  in  this  country  which  took  place 
during  1918.  The  committee  was  very  fortunate  in 
its  composition,  and  the  respective  shares  of  the  members 
in  the  details  of  the  outline  specifications  which  summed 
np  the  technical  aspects  of  their  work  would  be  difficult 
to  estimate.  What  follows  is  an  account  of  methods 
which  the  author  found  useful  in  exhibitmg  the  results 
of  tests  and  trials  during  the  transition  from  the  easy 


specifications  of  the  early  days  of  simple  heterodynes 
to  the  stricter  requirements  of  amplifiers  and  other 
later  types  of  instrument. 

For  the  purpose  of  scrutinizing  test  results,  observa- 
tions on  valves  were  considered  under  two  heads. 
First,  there  were  the  current  and  voltage  adjustments 
required  to  produce  a  specified  saturation  current  of 
electrons  from  the  filament,  and  secondly  there  were 
observations  indicating  the  form  of  the  characteristics 
in  the  working  region  when  the  filament  had  been  so 
adjusted. 

Taking  the  case  of  the  filaments,  the  current  and 
voltage  adjustments  for  100  valves  may  be  shown 
together  by  representing  each  valve  by  a  dot  on  a 
diagram  such  as  Fig.  31  where  the-  horizontal  axis 
represents  "  volts  "  and  the  vertical  "  amperes."  The 
figure  gives  an  actual  case  for  100  filaments  of  fairly 
pure  tungsten.  The  diagonal  line  is  added  to  show, 
for  an  average  valve  in  the  centre  of  the  group,  the 
normal  course  of  current  variation  as  the  voltage 
adjustment   is   changed.      Any  valve   appearing  below 
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Fig.  31. — Filament  adjustments  for  2  m.a.  saturated 
emission. 

this  line  requires  abnormally  high  voltage  for  a  given 
current,  and  is  therefore  probably  either  longer  or  else 
thinner  than  the  average,  the  latter  defect  being  usually 
traced  to  damage  during  bombardment.  Similarly 
points  above  the  line  represent  filaments  either  thicker, 
or,  more  probably,  shorter  than  the  average.  As 
each  valve  is  adjusted  to  a  given  emission,  points 
occurring  in  positions  close  to  the  line  represent  differ- 
ences in  electron-emitting  properties.  The  extent  of 
the  differences  in  the  batch  shown  is  indicated  by  the 
crosses  on  the  line  giving  the  adjustments  of  the  average 
filament  for  1  and  for  5  milliamperes  as  well  as  for 
the  usual  2  milliamperes. 

The  best  emitters  are  seen  to  give  2  milliamperes 
where  the  average  would  give  it,  and  the  worst  2 
instead  of  4. 

The  diagram  thus  illustrates  how  the  variations  of 
the  thermionic  property  which,  not  so  very  long  ago, 
was  regarded  as  very  fickle,  have  been  brought  within 
bounds.  With  specially  selected  specimens  of  metal 
target,  diagrams  covering  one-third  of  the  range  shown 
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have  been  obtained.  A  tendency  for  the  group  to 
extend  upwards  in  the  direction  of  poor  emission  is 
found  to  be  associated  with  inrperfect  exhaust  (cf. 
Langmuir's  work  on  the  effects  of  residual  gases,  thus 
statistically  confirmed),*  and  on  the  other  hand  exten- 
sions in  the  opposite  direction  indicate  impuritj'  of  the 
tungsten,  and  are  especially  well  shown  where  thoria 
is  present,  and  also  give  warning  of  probable  noisiness 
in  amplifiers. 

The  earlier  observations  of  standard  points  on  the 
characteristics  made  very  conspicuous  the  fact  that 
the  characteristic  "  constants  "  of  small  high-vacuum 
valves  differ  among  themselves  very  widely.  This  is 
so  even  when  the  valves  are  all  well  exhausted  and  to 
outward     inspection     well    made.     The     factors     most 
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•observed,    the    records    covering    many    thousands    of 
valves,  were 

Anode-current/grid-voltage  slope,  Aj. 
Anode-current/anode-voltage  slope,  k^. 
Grid  closeness  factor  tn^kilk^. 

In  any  batch  of  100  valves  or  so  the  lowest  value  of 
any  of  the  above  quantities  is  commonly  as  low  as 
one-half  of  the  highest  value  observed  in  the  same 
batch. 

The  characteristics  are  thus  actually  almost  as  variable 
as  the  life  of  the  valves. 

Fig.  30,  in  which  each  dot  gives  simultaneous  values 
of  A[  and  k^  for  a  particular  valve,  shows  the  range  of 
variation  occurring  in  an  ordinary  batch  of  valves. 
The  diagrams  for  all  types  of  high-vacuum  valves  of 
which  sufficient  numbers  have  been  available — R4, 
R4A,  R4B,  R5,  R,  and  V24 — show  the  same  degree  of 
variation,  and  gas-filled  valves  still  show  the  same 
effect  even  when,  as  in  R2A,  which  is  a  true  high- 
■vacuum  valve  before  the  gas  is  admitted,  there  is  no 

*  Langmuir  :  Physical  Review,  1913,  vol.  2,  p.  450. 


question  of  variation  in  the  quantity  or  nature  of  the 
gas. 

One  of  the  first  uses  to  which  these  diagrams  were 
put  was  in  making  minor  modifications  in  the  construc- 
tion of  valves  by  different  makers  so  as  to  bring  the 
average  in  each  case  midway  between  the  specified 
limits. 

In  determining  the  linaits  of  the  permissible  range 
of  variation  in  respect  of  a  particular  characteristic 
quantity  for  a  particular  receiver  in  which  the  valves 
are  to  be  used,  subsidiary  diagrams  of  the  same  type 
were  used. 

In  Fig.  33,  for  example,  each  pair  of  dots  shows 
horizontally  the  anode-current/anode-voltage  slope  k^ 
for  a  pair  of  valves  used  together  in  a  two-valve  audio- 
frequency amplifier.  The  two  valves  of  each  pair 
were  selected  as  having  as  nearly  as  possible  the  same 
^2,  but  in  respect  of  all  the  other  characteristic  quanti- 
ties all  the  valves  taken  were  allowed  to  vary  in  an 
arbitrary  manner.  The  vertical  scale  of  Fig.  33  gives 
an  inverse  estimate  of  the  sensitivity  of  the  combination, 
the  quantity  represented  being  the  coupling  required 
for  obtainhag  a  signal  of  standard  strength,  so  the 
smaller  the  coupling  the  greater  is  the  sensitivity. 

The  way  in   which  the  dots  arrange  themselves,   in 
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Fig.  33. — Effect  in  amplifier  of  changes  in  a 
characteristic. 


an  elongated  diagonal  group,  indicates  that  the  anode- 
current/anode-voltage  slope  has  a  very  marked  influence 
on  the  sensitivity  independently  of  all  other  factors, 
but  that  the  two  combinations,  themselves  somewhat 
unlikely,  of  a  pair  of  good,  and  a  pair  of  bad  valves, 
differ  in  respect  of  the  necessary  coupling  in  a  ratio 
of  no  more  than  two  to  one,  which  represents  with  the 
apparatus  used  about  one  signal  "  strength."  Con- 
sidering that  the  range  of  variation  of  k,  covered  by 
the  group  is  nearly  two  to  one,  this  observed  effect  is 
somewhat  surprisingly  small.  This  is,  however,  just 
as  well,  for  reference  to  the  full  test  diagram  (Fig.  32) 
shows  that  it  would  have  been  possible  to  find  worse 
valves  in  either  direction  of  variation.  The  fixing  of 
specified  limits  for  ft^  at  0-0225  ^nd  0-012  milhampere 
per  volt,  finally  decided  upon  from  trials  in  this  and 
other  pieces  of  apparatus,  involved  a  considerable 
proportion  of  rejections,  but  practice  in  manufacture 
ultimately     gave     some     improvement.     In     all    cases 
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where  the  valves  were  intended  for  multiple-valve 
receivers  it  was  decided  that  the  probabilities  were 
so  much  against  an  operator  being  forced  to  use  a 
combination  of  valves  all  differing  to  a  marked  extent 
in  the  same  direction  from  the  average,  that  tolerances 
giving  extensions  in  respect  of  the  limits  for  a  limited 
proportion  of  the  valves  were  permitted  in  some 
cases. 

In  some  of  these  trials  it  was  found  that  the  quantity 
under  observation  had  no  direct  influence  on  the  effec- 
tiveness of  the  receiver,  the  form  of  the  group  on  the 
diagram  being  either  circular,  or  a  circle  distorted 
by  purely  vertical  or  horizontal  elongation.  This 
was  the  case,  it  is  of  interest  to  note,  with  the 
anode-current/grid-voltage  slope  in  the  audio-frequency 
amplifier. 

The  narrowest  limit  required  for  each  characteristic 
quantity  by  the  most  exacting  receiver  can  be  shown 
by  a  line  on  Fig.  32,  and  the  size  of  the  group  relatively 
to  the  frame  of  lines  so  formed  indicates  the  strictness 
of  the  specification  or,  conversely,  the  quality  of  the 
■manufacture.  A  general  displacement  of  the  group 
shows  by  its  direction  which  factors  tend  to  be  at 
fault,  and  the  effects,  often  unexpected,  of  steps  taken 
to  remedy  such  faults  can  readily  be  followed.  It  is 
apparently  established  that  variations  of  m  are  caused 
more  by  differences  in  the  extent  of  exposure  of  the 
filament  ends  than  by  irregularities  in  the  convolutions 
of  the  grid  itself,  and  that  simultaneous  low  values 
of  both  anode-current  slopes,  kj  and  k^,  are  due  to  a 
specially  large  change  of  contact  potential  in  the 
direction  of  retarding  the  electron  flow. 

The  electrical  tests  decided  to  be  necessary  for  receiv- 
ing valves  were  as  follows  : — 

Filament. — An  upper  limit,  imposed  by  the  supply 
arrangements,  for  the  current  and  voltage  for  a 
specified  saturated  electron  current,  and  a  lower 
limit  of  voltage  if  great  uniformity  is  required, 
or  valves  are  used  with  a  common  filament  control. 

Characteristics. — Anode  current  observed  at  two 
stated  grid  voltages  and  two  or  three  anode  voltages, 
the  differences  of  readings  indicating  the  values 
of  the  characteristic  slopes  and  of  their  ratio  m. 
Lower  limits  are  specified  for  both  slopes,  and 
for  )«,  but  an  upper  limit  for  the  anode  voltage 
slope  only. 

The  value  of  the  reverse  grid  current,  if  any, 
at  a  stated  negative  grid  potential  is  taken  as 
indicating  the  degree  of  exhaustion  of  the  valve, 
and  the  direct  grid  current  at  the  working  grid 
potential  as  indicating  the  damping  effect  of  the 
valve  on  the  input  circuit. 

Life. — Sufficient  information  for  rigid  life-test  clauses 
was  not  available  at  the  time  considered. 

For  power  valves  the  filament  specification  followed 
the  same  lines.  A  power-dissipation  test  of  a  few 
minutes'  duration  for  the  anode  was  included,  and 
this  was  to  be  carried  out  under  such  conditions  that 
the  space  current  actually  flowing  was  less  than  the 
saturation  current  which  the  filament  had  been  pre- 
viously adjusted  to  give,  and  was  therefore  controlled 


by  the  voltages  of  the  other  electrodes  and  by  the  space 
charge,  that  is,  by  the  state  of  exhaustion. 

A  dissipation  test  so  carried  out  gives  a  clear  indication 
of  the  stability  of  the  valve  as  regards  the  vacuum. 

The  testing  of  each  individual  v-alve  on  these  lines 
was  quickly  learnt  by  previously  untrained  testers, 
and  was  carried  out  with  very  satisfactory  accuracy, 
with  the  result  that  complaints  of  electrical  misbehaviour 
of  valves  became  very  rare. 

In  conclusion,  the  author  desnes  to  express  his  thanks 
to  the  Captain  of  H.M.  Signal  School  for  assistance 
in  the  preparation  of  the  paper.  It  is  impossible  to 
indicate  how  much  the  author's  own  share  in  the 
work  described  has  benefited  throughout  so  long  a 
period  by  the  co-operation  of  Professor  Fortescue,  of 
Mr.  Stead,  and  of  the  various  members  of  the  wireless 
telegraph  departments  of  H.M.S.  "  Vernon  "  and  of  H.M. 
Signal  School,  particularly  by  that  of  Mr.  T.  E.  Goldup, 
late  Lieutenant  R.M.,  and  Mr.  C.  O.  Moss,  late  Warrant 
Telegraphist  R.N.R.,  in  their  unfailing  help  m  the 
work  of  standardization  described  in  the  later  sections. 

He  wishes  also  to  make  some  acknowledgment, 
however  inadequate,  of  the  ready  kindness  on  all 
occasions  of  those  with  whom  he  has  been  privileged 
to  confer,  whether  in  the  discussion  of  physical  princi- 
ples, or  of  the  action  of  circuits,  or  of  practical 
considerations  in  manufacture. 


APPENDIX. 

(Received  4  October,  1920.) 

When  the  paper  was  read  before  the  Institution 
use  was  made  of  a  three-dimensional  model  to  illus- 
trate certain  internal  actions  of  the  valve.  The  object 
was  to  represent  to  the  eye  the  motions  of  electrons 
in  an  electric  field  by  the  analogy  of  those  of  a  ball 
rolling  on  an  undulating  surface,  the  differences  of 
level  on  which  reproduce  potential  differences  between 
the  corresponding  points  in  a  longitudinal  section  of  a 
cylindrical  valve.  The  actions  resulting  in  the  control 
of  the  space-current  through  the  valve  are  essentially 
dynamical,  and  it  is  necessary  to  adopt  some  such 
representation  as  this  in  which  allowance  is  readily 
made  for  the  niomentum  of  the  electron  which  prevents 
it  following  a  curved  line  of  force. 

The  ordinary  line-of-force  representation  of  the 
field  shows  directly  only  those  lines  along  wliich  an 
electron  in  free  space  will  certainly  not  move,  for  the- 
electron  will  only  follow  the  line  of  force  in  the  excep- 
tional case  when  this  is  perfectly  straight.  A  diagram 
of  equipotential  lines  is  more  useful,  but  even  so  it  is 
necessary  to  visualize  the  surface  of  which  it  is  a  contour 
map. 

By  imagming  such  a  surface  one  can  readily  trace 
out  the  effects  of  a  change  in  the  potential  or  in  the 
shape  of  an  electrode.  The  composite  potential  function 
ejm  +  e'  in  the  triode  acquires  a  more  concrete  signifi- 
cance as  the  level  of  the  sinuous  equipotential  which 
winds  in  and  out  of  the  row  of  grid  wires  and  indicates 
what  is  for  the  other  electrodes  the  average  or  effective- 
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potential  in  the  plane  of  the  grid.  The  partition  of  the 
electrons  between  anode  and  g^id  is  also  sufficiently 
e.vplained  without  recourse  to  the  mathematical  analysis 
of  central  forces,  smd  the  effects  of  the  velocities  of 
projection   of   the   electrons   and   of  the   space   charge 


can  be  allowed  for,  but  the  effort  of  viewing  the  surface 
as  it  were  from  the  other  side,  or  alternately  of  reversing 
the  supposed  direction  of  gravity,  in  order  to  represent 
the  field  from  the  standpoint  of  a  positive  ion  is  unfor- 
tunately usually  too  much  for  the  imagination. 


Discussion  at  a  Wireless  Sectional  Meeting  of  The  Institution,  23  June,  1920. 


Professor  C.  L.  Fortescue  :  Problems  which,  in  the 
early  days,  seemed  formidable  now  appear,  as  we  look 
back  upon  them,  quite  simple,  but  at  the  time  we  were 
struggling  with  them  they  were  very  real,   and  such 
success  as  we  achieved  was  due  in  no  small  measure 
to  the  persistent  zeal  with  which  the  author  attacked 
them.     In  the  course  of  investigating  these  problems 
it  was  interesting  to  note  the  extent  to  which  we  reached 
at  times  the  hmits  of  knowledge.     A  lot  of  the  work 
done   on   the   valve   was   really  almost   pure   research, 
and  the  valve  actually  produced  was  a  good  example 
of  pure  research  running  in  parallel  with  its  immediate 
appUcation.     Almost  any  paragraph  of  the  paper  would 
prp\dde  a  text  for  a  long  discussion,   and   I  propose 
therefore  to  deal  with  only  three  points.     The  first  is 
the  question  of  the  contour  diagrams  on  page  684.    This 
method  of  delineating  the  characteristics  of  the  valve 
was  de\'ised  by  the  author  of  the  paper  and  has  proved 
to  be  very  useful,  and  I  know  of  no  other  method  of 
bringing  out  so  compactly  and  clearly  the  whole  of  the 
necessary  properties  of  the  valve,  either  from  the  point 
of  view  of  the  physics  of  the  valve  itself  or  from  that 
of  the  circuits   associated  with  it.     They  have  many 
other   advantages,    particularly   as   regards    the   trans- 
mitting valve.     In  the  great  majority  of  transmitting- 
valve  circuits  the  trace  of  the  variation  of  the  grid  and 
anode  voltages  becomes  merely  a  straight  line  drawn 
across  these  contours,  and  they  tell  immediately  what 
the   nature   of   the   currents   wiM   be,    what   conditions 
will  lead  to  the  presence  of  harmonics  in  the  make-up 
current,   and   so   on.     They   also   have   the   advantage 
that  they  can  be  actually  obtained  in  practice.     If  one 
takes  Fig.  16  (a),  for  example,  a  very  few  points  on  all 
those  straight  lines  are  all  that  are  necessary.     Next  I 
will  consider  the  target  diagrams.     I  think  those  who 
are  incUned  to  regard  the  valve  as  hav-ing  very  definite 
constants  should  consider  Fig.  32  carefuU)^     There  is 
no  doubt  whatever  that  the  range  of  variation  actually 
found    in    practice    explains    many    of    the    difficulties 
wliich  have  been  met  in  high-power  amplifiers.     There 
are  amplifiers  where  a  small  percentage  change  at  one 
of  the  steps  will  cause  either  oscLUations  or  a  falling-off 
of    the    amplification.     The    standard    of    uniformity 
necessary  is  higher  than  shown  in  these  diagrams,  and 
steps  will  have  to  be  taken,  perhaps  as  one  of  the  im- 
mediate lines   of   research,   to   secure   a   higher   degree 
of  uniformity.     The  last  point  I  propose  to  mention  is 
with    reference    to    the    question    of    symbols.     Every 
worker  on  valves  seems  to  have  adopted  a  notation 
of  his  own.     It  is  time  that  this  Wireless  Section  settled 
whether   they  are  going  to  keep  to  the  k^.  k^,  etc.,  as 
adopted  in  this  paper,  or  to  use  Dr.  Eccles's  notation, 
or  to  adopt  the  American  notation.     I  suggest  that  the 
Wireless  Sectional  Committee  should  take  the  matter 


in  hand  and  at  any  rate  decide  it  provisionally.  It  is 
not  necessaiy  to  reach  a  final  decision,  but  we  can 
come  to  some  temporary  agreement  until  something 
better  is  put  forward.  Leaving  the  actual  subject 
matter  of  the  paper,  I  should  also  like  to  refer  to 
the  Valve  Committee.  That  was  formed  in  1918  under 
rather  adverse  conditions  at  a  time  when  the  supply 
of  valves  for  the  various  Services  was  far  from  sufficient. 
It  took  up  the  matter  of  the  supply  of  valves,  and  had 
a  lot  of  difficulties  to  overcome,  as  there  was  a  certain 
amount  of  opposition.  But  after  its  formation  the 
supply  of  valves  never  actually  failed,  although  perhaps 
there  was  not  alv/ays  a  big  reserve.  The  Committee 
did  not  do  everj-thing  that  was  expected  of  it,  but  it 
certainly  did  what  was  wanted.  The  wireless  branches 
of  the  different  Services  are  indebted  to  that  N'alve 
Committee  to  no  small  degree. 

Mr.  C.  C.  Paterson  :  This  paper  shows  how  very 
good  is  the  historical  method  of  presenting  any  subject. 
The  author  has  described  all  the  stages  of  pioneer  work 
in  their  chronological  order  up  to  the  time  when  v-alves 
of  all  types  were  turned  out  on  a  production  scale, 
but  he  has  said  very  little  about  his  own  work  in  con- 
nection with  tills  matter,  although  the  results  achieved 
were  largely  due  to  his  tact  and  originality.  As  one 
who  saw  a  good  deal  of  this  work  from  the  m.inufacturing 
point  of  view,  but  who  was  not  in  any  way  responsible 
for  it,  I  would  say  that  this  whole  subject  of  the  pro- 
duction of  the  vals-e  from  its  early  stages  is  of  <piite  as 
much  interest  from  the  poi.nt  of  view  of  industrial 
research  as  it  is  from  that  of  radio  research.  One  first 
of  aU  appreciates  that  it  was  only  acliieved  by  both 
the  technical  people  who  were  responsible  for  the 
development  of  the  valve,  and  the  manufacturers  who 
were  responsible  for  its  production,  each  appreciating 
the  difficulties  which  the  other  found.  There  were 
many  difficulties  to  surmount  on  both  sides.  The  tech- 
nical staff  of  the  Services  were  being  pressed  hard  all 
the  time  to  produce  something  w-hich  would  work. 
The  manufacturers  were  up  against  enormous  difficulties 
in  production  under  war  conditions.  They  were  having 
to  use  substitutes  in  a  large  portion  of  their  manu- 
factures, and  men  on  whom  they  depended  were  being 
taken  away  from  them  for  war  service.  Yet,  in  spite 
of  all  this,  this  countr}'  undoubtedlj'  led  the  way  in 
development  and  progress  in  connection  with  thermionic 
valves.  I  think  it  is  very  much  to  the  credit  of  this 
country,  and  also  of  those  who  had  any  share  in  the  work, 
that  this  result  was  achieved.  Another  moral  to  be 
drawn  from  this  is  that,  as  Professor  Fortescue  has 
said,  the  development  of  the  valve  v.as  not  the  result 
of  research  handed  over  to  the  manufacturer  to  get 
into  production,  but  the  fundamental  research  had  to 
proceed  in  parallel   with  the  actual  effort  to  produce 
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something.  The  manufact'jrer  had  to  adopt  the  hit- 
or-miss  method  to  trj-  to  get  something  going,  but  he 
was  supported  throughout  by  the  more  fundamental 
research  which  followed  but  seldom  preceded  the  pro- 
duction of  the  actual  result.  That  is  the  waj'  in  which, 
in  my  experience,  industrial  research  verj'  frequently 
proceeds. 

Professor  G.  W.  O.  Ho'we :  This  paper  emphasizes 
a  remark  that  I  made  at  a  previous  meeting  of  the 
Wireless   Section.     Many   of   us   thought  in   the   early 
days  after  the  war  how  little  had  been  done  in  this 
country  compared  with  other  countries,  but  the  papers 
which   have   been   read    before   this   Wireless   Section 
during  the  last  year,  and  this  paper  to-night,  show  that 
we  were  in  no  way  behind,  and  that  an  enormous  amount 
of  valuable  research  work  was  being  done  under  very 
trying  conditions.     I  should  like  to  express  mj-  appre- 
ciation of  the  ingenious  model  which  the  author  has 
prepared.     There  is  one  point  about  it  which  I  think 
might  be  made  a  little  clearer  in  explanation  of  the 
action    of   the   space   charge.     Many   people    probably 
experience  the  same  difficulty  as   I  had  when  I  firet 
studied  the  subject.     If  the  electrons  are  emitted  from 
the  filament  into  a  field  which  tends  to  repel  them 
back  to  the  filament,  one  would  exp)ect  that  either  one 
would   get  no  current  due  to  the  electrons   all  being 
driven  back  to  the  filament,  or  else  one  would  imme- 
diately get  the  saturation  current.     I  do  not  think  it 
is  usually  sufficiently  appreciated  that  the  value  given 
for  the  velocitv  of  the  electron  emitted  from  an  incan- 
descent filament  is  only  an  average,  and  that  the  electrons 
are  emitted  at  very  different  velocities.     The  distribu- 
tion of  the  velocities  follows  a  well-knowTi  law,   and 
although  the  electron  has  an  average  velocity  of  the  value 
quoted  by  the  author  from  J  volt  to  i  volt,  some  of  the 
electrons  are  ejected  from  the  filament  with  a  much 
lower  velocity,  and  some  with  a  velocity  of  4  or  5  volts. 
What  actually  happens  is  this  :  if  the  height  of  that 
little  hill  in  front  of  the  filament  on  the  model  repre- 
sent J  volt,  it  is  only  those  electrons  which  are  emitted 
with  a  greater  velocity  than  ^  volt  that  succeed  in  getting 
over,  and  all  those  below  ^  volt  fall  back  again.      If  the 
voltage  of  the  grid  is  raised  a  little  the  height  of  that 
hill  will  be  altered,  in  fact  will  be  lowered,  and  now  a 
greater   proportion    of    the    electrons    emitted    will    be 
enabled   to   get   over   the   hill.     By   altering   the    grid 
voltage  we  vary  the  height  of  the  hillock  and  thus  alter 
the   proportion   of   the   constant   number   of   electrons 
emitted  that  are  capable  of  getting  over  and  thus  avoid- 
ing being  returned  to  the  filament. 

Mr.  J.  St.  Vincent  Pletts  :  I  was  very  interested 
in  the  model.  The  chances  seem  to  be  very  much 
against  the  marble  getting  into  the  grid,  but  I  should 
have  thought  that  manv  more  would  have  gone  in  than 
appears  to  be  the  case.  I  doubt  if  in  that  model  even 
one  in  a  thousand  would  get  in. 

Mr.  J.  Scott-Taggart  :  The  design  of  valves  may  be 
classed  into  mechanical  and  electrical  design,  the  former 
being  almost  as  important  as  the  latter.  Figs.  9  and  10 
show  two  very  ingenious  methods  of  constructing 
valves  of  high  power.  The  problem  in  the  case  of  these 
valves  is  chiefly  the  method  of  supporting  the  electrodes 
within  a  tube.     There   are   two  re-entrant   tubes,   one 


at  each  end  of  the  bulb,  and  to  these  tubes  are  attached 
the  supporting  wires  which  hold  the  electrodes.  Two 
methods  are  shown  in  this  paper.  One  consists  of  metal 
bands  which  grip  a  stem,  and  in  the  other  the  anode 
is  supported  by  means  of  springs  which  expand  inside 
the  tube  and  so  hold  the  electrodes.  There  are  one  or 
two  points  to  consider  when  choosing  a  method  of 
supp>oiting  electrodes  within  the  valve.  The  different 
electrodes  should  be  so  arranged  that  the  insulation 
between  them  is  exceedingly  high,  with  a  \-iew  to  pre- 
venting leakage  when  high  voltages  are  used.  Another 
point  is  the  rigidity-  of  the  electrodes.  This  is  of  special 
importance  with  valves  which  have  to  be  transhipped. 
The  rough  treatment  in  the  handUng  of  the  goods 
naturally  requires  the  utmost  rigidity  of  the  internal 
structure  of  the  vaJv^es.  Again,  in  connection  with 
the  design  of  the  valve  from  the  structural  point  of 
\-iew,  there  is  the  necessitj'  of  avoiding  any  glass-work 
which  is  liable  to  crack.  Consequently,  the  ordinary 
arrangement  wherebj'  the  supporting  wires  are  fused 
into  the  glass  stem  cannot  be  emplo3-ed  on  the  higher- 
power    valves,   but    some    method    must    be    devised 


Fig.  a. 

wherebj-  the  structure  is  extremely  strong  without 
employing  any  glass-work.  Again,  there  is  the  ease 
and  cheapness  of  manufacture.  Still  another  point  of 
importance  is  that  the  metal  parts  inside  the  valve 
should,  during  the  bombardment  of  the  electrodes,  be 
also  bombarded,  so  that  no  portions  of  metal  which 
do  not  have  the  occluded  gases  remo\-ed  should  be 
inside  the  tube.  When  I  had  to  design  the  internal 
structure  of  the  valves  made  by  the  Ediswan  Company, 
several  methods  occurred  to  me,  but  I  found  that 
practically  all  of  them  had  alreadj-  been  patented  bj' 
the  Osram  Compan^^  I  eventually  thought  of  the 
arrangement  shown  in  Fig.  A  herewith.  The  upper 
figure  shows  a  glass  funnel  wliich  is  sealed  into  one 
end  of  the  bulb,  and  it  is  to  this  funnel  that  the  elec- 
trodes are  to  be  attached.  The  method  that  is  being 
used  is  to  take  a  number  of  small  U-shaped  wires,  as 
shown,  made  of  nickel-iron  alloy  ha\'ing  the  same 
coefficient  of  expansion  as  glass,  and  dip  them  just 
below  the  surface  of  the  glass.  Being  arranged  in  the 
manner  shown,  the  supporting  %vires,  which  should 
preferably  be  of  channel  cross-section,  are  then  slipped 
in  between  the  wires.     The  two  ends  of  each  wire  are 
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then  twisted  together  and  thus  firmly  tie  the  supporting 
wire   to   the   glass.     The   completed  stem   showing   an 
anode   mounted   is   seen   in   the    bottom   figure.     This 
construction   has   been  found   extremely  strong,  much 
stronger  than  would    appear  from   the   diagram,   and, 
moreover,  the  chances  of  cracking  are  extremely  remote. 
Out  of  hundreds  of  these  valves  that  have  been  manu- 
factured there  have  been  no  cases  of  cracking  of  the 
glass,  and  no  particular  precautions  for  annealing  are 
necessary.     Another  advantage  of  this  arrangement  is 
that  the  anode  is  very  securely  attached.     There  is  no 
fear  of  its  slipping  round,  and  no  complicated  arrange- 
ments are  neces.sary.     Another  point  is  that  there  are 
no  metal  bands  or  large  surfaces  of  metal  which  do  not 
actually    come    under    the    influence    of    the    electron 
bombardment.     There  is  only  a  short  distance  which 
is  not  actually  exposed  to  the  influence  of  the  electron 
bombardment,   and    consequently   a    higher    degree    of 
exhaustion  is  possible,  or,  alternatively,  the  same  pre- 
cautions are  not  necessary  in  the  manufacture  of  a  valve 
designed   on   this    principle.      The   lantern   slide   illus- 
trates an  arrangement  whereby  the  filament  of  a  valve 
may  be  supported.     This  is   a   very  difi&cult  problem 
in  a   valve,   and   the   usual  arrangement   has   been  to 
support  the  top  end   of  the  filament  from   the  other 
end    of    the    tube.     This    necessitates    a    rather    more 
difficult  method  of  manufacture,  and  at  the  same  time 
there  is  a  liabiht\-  of  leakage  from  the  top  end  round 
to  the  electrode  which  is  attached  to  the  stem  at  that 
end.     In  this  arrangement  I  have  used   a  supporting 
wire  tied  to  the  glass  stem  which  holds  the  filament 
wires,  thus  producing  a  very  strong  and  efficient  method 
of  supporting  filaments   for  rectifiers   and   high-power 
three-electrode    valves.     It   is   to    be   noted    that    this 
supporting  wire  is  usually  of  nickel,  while  at  the  very 
top  I  use  a  small  piece  of  molybdenum  wire  to  prevent 
damage  to  the  filament  when  the  latter  is  incandescent. 
Another  shde  shows  a  small-power  rectifier  capable  of 
dissipating  about  250  watts.     It  will  be  seen  that  the 
anode   and  filament  are  mounted  at  the  same  end  of 
the  bulb.     The  anode  is  attached  to  the  stem  before  the 
latter  is  sealed  into  the  bulb.     Consequently,  the  manu- 
facture is  very  much  cheaper  and  it  is  quite  suitable 
up  to  comparatively  high  voltages.     The  danger  is  that 
sparking   may  take   place   through   the   glass   between 
the  anode  supports  and  the  filament  wires.     To  prevent 
that,   the  filament  wires   are  covered  with   very  thick 
glass  tubing,  and  this  arrangement  has  been  found  very 
much   cheaper   to   construct   than   the    usual    type   in 
which  the  anode  is  mounted  at  the  other  end  of  the 
bulb.     Mention    has    been    made    of    the    difficulty   of 
manufacturing    the    V24    valve    designed    by    Captain 
Round.     This  difficulty.  I  think,  has  been  very  largely 
exaggerated.     This  type  of  valve  is,  from  the  point  of 
view  of  the  manufacturer,  probably  one  of  the  best  that 
has  been  produced,   and   the  breakage  is  exceedingly 
small.     The   valve  is  e.xtremely  light,   and  if  dropped 
suffers  very  little.     The  connections  are  made  at  the 
sides  of  the  tube,  and  so  there  is  an  infinite  resistance 
between  the  anode  and  filament  and  between  the  grid 
and  filament.     This  is  a  most  important  point  in  valve 
construction,  and  a  considerable  number  of  valves  of 
the  four-pin  t\-pe,  and  also  of  the  Air  Force  "  C  "  and 


the  Na\-y  "  R5  "  types,  are  rejected  at  the  works  on 
account   of   leakage   between   the   diSerent   electrodes, 
not  inside  the   bulbs   but   between   the   leads   outside. 
The  caps  used  are  attached  by  means  of  cement,  which 
is  naturally  moisture-absorbing,   and  after  a  time  the 
insulation  is  liable  to  deteriorate.     Another  advantage 
is  that  the  capacity  of  the  electrodes  is  probably  less 
than  in  any  other  type  of  valve.     The  leads  are  taken 
direct  to  the  outside  and  do  not  run  parallel,  as  is  the 
case   in   other   types.     A  further  slide  shows   a   valve 
(known    as    the    R'V3o)    somewhat    on    the    lines    of 
the  V24,  which  possesses  all  the  advantages  due  to  the 
absence  of  leakage  and  to  minimum  capacity  of  the 
electrodes.     There   are   one  or  two  points  of  interest. 
First,  the   anode   support   is   fixed  to    a    glass  cup  by 
means  of  the  tie-on  construction  which  I  have  explained. 
Another  point  is   the  nature  of  the  glass  cup,   which 
pro\-ides  a  very  long  leakage  path  between  the  anode 
to  the  filament  and  between  the  grid  to  the  filament. 
The  leakage  path  between  the  grid  and  anode  is  also 
long.     Turning  to  the  original  paper,  there  are  one  or 
two  features  in  some  of  the  designs   which  could   be 
improved.     The    supporting    of    the    filament    of    R5 
valves  is  inadequate.     The  thin  spring  wire  gets  heated 
throughout   its    whole   length   and   loses    its    elasticity. 
During  the  manufacture  of  these  valves,  this  lack  of 
efficient  filament  springing  causes  a  considerable  amount 
of  breakage  when  on  the  pumps.     If  the  spring  is  too 
tight  the  filament  on  shrinking  is  liable  to  snap  ;  if  too 
loose,  the  filament  is  liable  to  touch  the  grid  ;  in  each 
case,  valves  are  spoilt.     The  tension  on  the  R5  filament 
appears  to  be  too  critical.     As  the  end  of  the  spring  wire 
is  pulled  down  the  tension  increases.     If,  however,  the 
flat  spring  wire  is  given  a  double  loop  and  thus  made 
about  twice  as  long,  the  tension  on  the  filament  is  less 
dependent    on    the    adjustment    of    the    spring    during 
manufacture.     A  trial  of  200  valves  %vith  such  filament 
springs  showed    a   sa\'ing   of    15    per  cent  in   filament 
breakage.     It  was  also  found  on  other  valves  that  an 
additional    spring    wire    at    the    bottom    still    further 
reduced  the  breakage  during  manufacture  and  also  in 
transit.     With  regard  to  the  grid  of  the  R5  valve,  it 
appears  to  be  of  a  smaller  diameter  than  necessary. 
Decreasing    the    grid    diameter    may    even    lower    the 
amplification  factor,  and  certainly  does  increase  the  cost 
of  manufacture,  as  does  also  the  asymmetrical  placing 
of   the   grid   and   anode  with  respect  to   the  filament. 
The  backlash  test  for  vacuum  is  not  infalhble.     The 
current  to  the  grid  is  the  algebraic  sum  of  the  electrons 
and  positive  ions  striking  the  grid.     A  "  hard  "  valve 
in  which  the  electron  current  to  the  grid  was  below 
normal  might  thus  be  considered  "soft."     It  is  to  be 
regretted  that  in  this  paper  no  mention  has  been  made 
of    rectifying    three-electrode    valves.     From    the    title 
of  the  paper  one  would  have  expected  some  description 
of  the  design  of  valves  for  purposes  other  than  ampli- 
fication. 

Dr.  W.  H.  Eccles  :  One  of  the  most  noteworthy  of 
the  numerous  details  of  information  in  the  paper  is 
the  formula  for  the  voltage  factor.  I  have  myself 
worked  out  a  formula  for  another  type  of  grid  and 
this  formula  is  identical  with  the  one  in  the  paper, 
when  Maxwell's  analysis  of  the  plane  problem  is  extended 
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to  determine  an  undetermined  constant  in  my  formula. 
It  is  to  be  hoped  that  the  method  of  obtaining  the 
formula  in  the  paper  will  be  divulged  some  day.  In 
answer  to  a  question  by  one  of  the 'speakers,  I  might  men- 
tion that  the  Wireless  Sectional  Committee  have  several 
times  had  under  consideration  the  possibility  of  doing 
something  towards  standardizing  notation  and  symbols. 
It  is,  however,  a  difficult  problem.  The  fact  is  that 
wireless  telegraphy  and  telephony  are  developing  so 
rapidly  that  any  nomenclature  suggested  might  soon 
become  obsolete.  We  have  seen  that  happen  in  the 
history  of  other  electrical  ap  aratus.  The  present  chaos 
is  a  kind  of  preliminary  stage,  but  in  another  few  years 
I  believe  we  shall  have  a  better  chance  of  getting  agree- 
ment between  the  people  who  have  to  use  these  symbols. 
I  think  that  is  the  view  of  the  Wireless  Committee. 
For  my  own  part  I  think  it  would  be  lost  labour  to  go 
far  at  present.  As  an  instance  of  the  difficulty  of 
persuading  people  to  use  standard  symbols,  the  authors 
of  English  textbooks  and  papers  use  the  letter  "  m  " 
to  stand  for  metre,  or  milli,  or  micro-,  or  mega-,  indis- 
criminately. We  often  see  microfarads  written  "  mfds," 
contrary  to  the  recommendations  of  the  International 
Electrotechnical  Commission.  The  same  author  in  the 
next  line  will  write  "  mhy  "  for  millihenry,  "  m  "  in 
one  line  standing  for  "  micro-,"  and  in  the  next  for 
"  milli."  I  suggest  that  "  wireless  "  authors  might 
begin  disciplining  themselves  by  using  the  International 
Electrotechnical  Commission's  recommendations.  Mean- 
while the  Committee  will  keep  the  matter  before  them 
and  decide  when  the  time  is  npe  for  action. 

Mr.  H.  M.  Dowsett  (comnnmicated)  :  Having  regard 
to  the  series  of  processes  to  wliich  the  gas  atoms  are 
subjected  in  a  "  soft  "  valve,  it  is  a  noteworthy  achieve- 
ment to  have  developed  the  theory  of  this  valve  to 
such  a  point  that  it  is  possible  to  predetermine  the 
characteristics  of  a  given  design.  To  enumerate  these 
processes  :  (i)  There  is  first  of  all  the  break-up  of  the 
neutral  molecule  and  the  surrender  by  it  of  as  many 
electrons  as  correspond  to  the  atomic  number  of  the 
element  concerned.  (2)  The  bombardment  of  the 
anode  by  the  negative  ions  and  the  passage  towards 
the  filament  of  the  positive  ions.  (3)  The  entry  of  the 
positive  ions  into  the  space  charge  and  their  reaction 
on  it.  {4)  The  bombardment  of  the  filament  by  these 
atoms  and  their  reflection  from  it  as  negative  ions  to- 
wards the  anode  or  the  walls  of  the  valve.  Thei^e  are 
two  of  these  states  which  call  for  some  further  remark. 
It  is  an  accepted  fact  that  the  positive  ion  is  able  to 
neutralize  much  of  the  effect  of  the  space  charge.  How 
it  does  so  is  a  moot  point.  As  the  atom  is  travelling 
towards  the  filament  it  is  probable  that  it  fails  to  hold 
any  electrons  which  are  proceeding  towards  the  anode, 
but  they  stream  through  it  until  it  strikes  the  filament. 
At  the  same  time,  as  the  axis  of  the  atomic  magnetic 
field  corresponds  to  its  axis  of  translation,  the  space- 
charge  electrons  which  are  moving  crraticall}'  and  not 
towards  the  anode  will  be  caused  to  whirl  in  spirals 
round  the  atom,  forming  a  funnel  up  the  centre  of  which 
the  newly  expelled  electrons  from  the  filament  will  find 
an  unimpeded  path.  After  the  atom  has  struck  the 
filament  and  its  direction  has  been  reversed,  it  will 
take  up  its  full  complement  of  electrons  or  an  excess 


depending  on  the  space  potential,  as  it  will  now  be 
proceeding  in  the  same  direction  as  the  electrons,  and 
in  this  way  it  will  tend  to  reduce  the  space  charge.  All 
these  electrostatic  and  magnetic  effects  arc  fortunately 
proportional  to  the  atomic  weight  or  the  atomic  number, 
and  this  must  be  held  to  explain  why  predetermination 
is  not  a  more  difficult  matter. 

Captain  H.  J.  Round  (communicated)  :  The  author 
has  brought  together  in  this  paper  a  very  large  amount 
of  information  on  the  details  of  design  and  construction 
of  valves  which  has  been  in  the  last  few  years  both 
secret  and  scattered.  Although  a  few  of  us  have  had 
access  to  some  of  the  work  recorded  in  the  paper  a  great 
deal  of  it  is  quite  new  to  me,  particularly  the  splendid 
series  of  soft-valve  characteristics.  The  paper,  in  fact, 
records  such  a  mass  of  work  that  a  satisfactory  discussion 
of  it  would  take  up  much  more  space  than  the  paper 
itself.  I  find  that  I  have  had  to  concentrate  on  one 
or  two  parts  of  the  paper  and  leave  the  rest  for  reference 
when  the  subjects  referred  to  become  of  interest.  I 
think  it  is  rather  a  pity  that  any  space  at  all  is  given 
to  the  American  ultraudion  circuit.  To  synthesize 
a  good  circuit  is  far  more  useful  than  to  analyse 
and  patch  up  such  an  arrangement.  In  connection 
with  this  ultraudion  circuit,  E.  A.  Armstrong  gave 
a  similar  analysis  of  it  in  a  communication  to  the  Radio 
Institttlc  Journal  about  two  years  ago.  Mr.  Gossling's 
paper  teems  with  characteristics  of  various  valves, 
but  the  relation  of  these  to  circuits,  and  an  indication 
why  such  and  such  characteristics  are  valuable,  would 
add  to  the  completeness  of  the  paper.  Perhaps  I  am 
asking  too  much,  as  I  am  aware  that  the  paper  was 
written  with  the  idea  that  it  is  generally  known  what 
characteristics  are  wanted.  How  these  characteristics 
were  obtained  by  theory  and  experiment  and  reproduced 
on  a  manufacturing  scale  is  the  author's  special  pro- 
vince. I  think  we  are  waiting  for  our  Chairman  or 
another  to  collect  together  into  one  comprehensive 
book  or  paper  all  the  specialist  papers  on  valves  and 
valve  circuits.  The  collected  work  on  soft  valves  is 
a  very  valuable  contribution,  and  most  of  it  is  quite 
new  to  me.  I  should  like  to  know  to  what  extent 
the  static  characteristics  are  relevant  in  high-frequency 
work.  The  paper  still  leaves  me  in  doubt  as  to  whether 
magnification  by  ionization  is  possible,  and  up  to  what 
order  of  frequenc)^  and  whether  it  occurs  to  any  practical 
extent  in  soft  valves.  One  can  feel  fairly  sure  that 
with  frequencies  such  as  50,000  ro  per  second  hard  valves 
obey  the  static  characteristic  laws,  but  is  this  true  with 
soft  valves  ?  I  am  strongly  of  the  opinion  that  prac- 
tically all  the  advantages  of  a  soft  valve  are  obtained, 
due  to  the  neutralization  of  the  space  charge  and  the 
consequent  lowering  of  the  resistance  of  the  valves. 
Static  characteristics  would,  by  showing  the  sum  of  the 
negative  and  positive  currents,  give  a  false  idea  of  the 
operating  characteristic.  Wherein  lies  t)ie  value  of 
a  soft  valve  ?  This  qiiestion  of  course  introduces 
the  additional  question  :  For  what  use  do  we  require  the 
valve — as  a  rectifier  or  a  magnifier  ?  I  can  answer  the 
last  part  of  the  question  by  making  the  practical  state- 
ment that  a  soft  valve  has  nearly  all  the  properties  of 
a  bank  of  hard  valves  in  parallel.  In  other  words,  the 
soft  vah-e  has  for  its  "  m  "  value  a  very  low  resistance 


THERMIONIC    VALVES    FOR    NAVAL   USES:    DISCUSSION. 


701 


compared  \vith  the  hard  valve.  The  "  m  "  value  of  a 
valve  can  be  defined  as  the  maximum  voltage  amplifica- 
tion possible  when  using  a  resistance-drop  amplifier, 
when  the  resistance  and  the  plate  voltage  are  both 
infinite.  If  we  replace  the  resistance  by  a  resonant 
circuit  and  consider  the  voltage  amplification  when 
using  fve<iaencies  exactly  in  tune  with  this  circuit,  we 
can  say  that  the  "  m  "  value  is  now  the  voltage  ampli- 
fication when  the  damping  of  the  circuit  is  zero.  The 
plate  potential  now  of  course  need  not  be  infinite. 
Suppose,  however,  that  damping  is  now  applied  to  the 
circuit ;  the  actual  "  m  "  value  is  then  less  than  the 
maximum  by  a  factor  depending  upon  this  damping 
and  upon  the  resistance  of  the  valve.  In  general,  the 
lower  the  resistance  of  the  valve,  if  its  maximum  "  m  " 
value  is  kept  constant,  the  nearer  the  practical  "  m  " 
approaches  the  maximum  "  tn."  The  value  of  damping 
in  the  plate  resonant  circuit  is  well  known  in  "  quasi- 
aperiodic  "  amplifiers.  Again,  in  "  quasi-aperiodic  "  low- 
frequency  magnifiers  where  a  ratio  transformer  is  used 
to  the  next  valve  grid,  the  lower  the  resistance  of  the 
valve  the  higher  is  the  ratio  of  step-up  transforma- 
tion that  can  be  used — depending  on  the  efiective  losses 
in  these  transformers.  AJl  these  advantages  are  of 
course  dependent  upon  the  fact  that  the  internal  capaci- 
ties of  the  valves  do  not  exhibit  such  low  impedances 
that  applied  voltages  on  grids,  for  instance,  are  appre- 
ciably lowered.  The  real  point  in  the  soft  valve  is 
this  :  that  at  reasonable  plate  voltages  high  practical 
magnifying  power  can  be  obtained.  The  actual  working 
capacities  of  soft  valves  do  not  seem  to  have  been 
determined,  but  there  is  probably  a  considerable  increase 
over  the  static  capacities  of  the  tubes.  General  con- 
sensus of  opinion  seems  to  indicate  that  with  hard 
valves  the  working  capacit3'  is  not  appreciably  different 
from  the  static  capacity'.  Recent  work  has  enabled  us 
to  obtain  with  the  four-electrode  hard  valve  all  the 
advantages  of  the  soft  valve  with  the  dimensions,  fila- 
ment and  plate  voltages,  and  filament  current  of  the 
V24  valve.  One  set  of  hard  valves  which  we  are  now 
manufacturing  andshortly  intend  to  place  on  the  market 
has  the  same  internal  resistances  as  a  V24,  but  with 
an  "  m  "  v-alue  of  30  instead  of  6  as  in  the  V24.  The 
benefit  of  this  on  a  cascade  resistance-drop  amplifier 
can  be  at  once  seen.  The  capacities  of  these  valves 
are  still  small  compared  with  those  of  clips,  leads, 
and  windings.  I  should  like  to  note  that  in  the 
use  of  Sir  J.  J.  Thomson's  formula  for  the  "  m  "  value 
it  is  usually  sufficient  to  use  a  value  it  dn,  where  d  is 
the  grid  diameter,  and  n  =  no.  of  turns  per  cm.  length  ; 
or,  in  the  case  of  a  square  mesh,  2  tt  d  n;  providing 
always  that  the  diameter  of  the  wire  is  small  compared 
with  the  spaces.  This  value  is  obviously  the  amount 
of 'wire  per  cm.  length  of  grid.  Further  correction  is 
best  done  experimentally  by  testing  a  number  of  valves. 
Mr.  B.  S.  Gossling  [in  reply,  communicated]  :  More 
than  one  contributor  to  the  discussion  has  remarked 
upon  the  general  characteristics  of  research  in  such 
subjects  as  that  with  which  the  paper  deals.  It  is 
a  fact  that  the  greater  part  of  the  work  there  recorded 
is  of  a  nature  essentially  analj^ical.  Here  is  an  instru- 
ment which  works — sometimes  at  least — in  such  and 
such  a  manner.     \Miat  is  reallj'  going  on  ?     The  attempt 


to  answer  such  a  question  is  a  necessary  part  of  the 
work  of  institutions,  such  as  H.M.S.  "  Vernon,"  to  which 
in\entions  are  referred,  and,  again,  as  ^Ir.  Paterson 
says,  such  work  is  more  often  subsequent  than  pre- 
cedent to  actual  manufacture.  In  both  cases  it  is  the 
hand  which  has  been  dealt  that  has  to  be  played,  and 
the  unexpected  usually  happens.  ^Vhat  methods  will 
be  necessary,  and  mto  what  fields  of  knowledge  it 
will  be  necessary  to  make  excursion,  it  is  difficult  to 
predict.  Professor  Fortescue  will  agree  that  a  con- 
scientious analysis  of  the  commonest  of  phenomena 
is  liable  somewhere  to  touch  the  confines  of  knowledge. 
Encyclopaedic  minds  being  too  rare  to  count  upon, 
and  usually  otherwise  engaged,  the  most  promising 
course  is  for  a  number  of  specialists  who  cover  between 
them  all  likely  fields  to  agree  to  pick  one  anothers' 
brains.  Such  collaboration  was  one  of  the  common- 
places of  the  war.  The  cultivation  of  the  surviving 
relics  of  this  spirit  is  a  present-day  problem.  The 
analytical  nature  of  the  work  recorded  is  well  shown 
by  the  fact  that,  although  many  fundamental  physical 
principles  underlying  the  beha\-iour  of  valves  there 
become  recognized,  no  new  principle  not  operative 
in  one  or  other  of  the  valves  of  1914  has  beer  enlisted 
during  the  period  covered.  However,  one  is  entitled 
to  hope  that  the  analytical  work  of  the  past,  besides 
leading  up  to  rational  standardization  and  dehberate 
design,  may  have  resulted  also  in  an  enlargement  of 
the  opportunity  for  work  of  a  different  order. 

Synthetic  research  in  applied  science  (if  I  may  borrow 
Captain  Round's  wording)  requires  a  wide  knowledge 
of  the  art  in  question  such  as  comes  slowly  and  to  few, 
although  direct  and  preferably  untrammelled  contact, 
alike  with  operators,  manufacturers,  and  inventors,  is 
an  invaluable  aid  and  a  never-failing  stimulus  to  the 
imagination.  The  synthetic  attitude  of  mind  is  rot 
quite  that  of  the  inventor,  as  the  analj^tical  is  not  quite 
that  of  the  consultant,  but  the  distinction  is  at  least 
of  the  same  order.  The  purely  scientific  equipment 
required  may  be  the  same  in  both  cases,  just  as  the 
possession  of  a  common  language  has  its  uses,  but  the 
differences  are  differences  of  method  and  object,  and 
more  may  be  heard  of  them  in  the  future,  when  a  precise 
definition  of  the  nature  of  professional  research  work 
is  attempted. 

The  s^Tnbols  employed  in  the  paper  are  the  same  as 
those  used  by  Professor  Fortescue  in  his  own  published 
work.  I  do  not  doubt  that  we  are  equally  aware  of 
their  drawbacks,  but  I  gather  that  he,  like  myself, 
has  felt,  in  the  absence  of  an  authoritative  pro- 
nouncement, transcription  would  be  wasted  labour. 
Adoption  of  recognized  conventions  may  call  for  some 
additional  alternatives  to  standard  symbols.  For 
instance,  the  chief  expression  in  the  theory  of  the  dis- 
tribution of  electron  velocities  involves  the  "  expo- 
nential e,"  the  electronic  charge,  and  a  symbol  repre- 
senting volts.  For  work  in  this  field  each  of  these 
quantities  must  have  a  different  symbol.  Which  is  to 
be  called  "  e  "  7 

The  lack  of  uniformity  amongst  different  specimens 
of  small  valves  of  the  same  design  can  be  ascribed  in 
large  measure  to  variations  in  contact  potential,  which 
result  in  the  field  experienced  by  the  electron  near  an 
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electrode  being  different  from  that  which  would  be 
expected  from  the  indications  of  a  voltmeter  connected 
to  that  electrode.  These  effects  usually  show  them- 
selves as  a  bodily  movement  of  the  current/voltage  char- 
acteristics without  change  of  form,  and  in  diagrams 
of  the  type  of  Fig.  32  by  motion  of  the  indicating  dots 
towards  or  away  from  the  origin.  The  use  of  a  grid- 
leak  largely  compensates  such  variations.  Research  on 
so  important  a  point  is  certainly  needed,  more  particu- 
larly as  the  subject  of  contact  potential  is  still  in  the 
same  nebulous  state  as  were  thermionics  at  the  time 
when  valves  were  first  invented. 

The  point  about  the  space-charge  raised  by  Professor 
Howe  is  of  vital  importance.  The  reason  why  currents 
are  observed  which  are  less  than  the  saturation  current 
is  to  be  sought  in  the  fact  that  the  electrons  possess 
inertia  and  therefore  require  time  for  their  transit, 
howe\'er  great  the  attraction  to  which  they  are  sub- 
jected. At  any  instant,  therefore,  between  the  present 
position  and  the  ultimate  goal  of  an  electron  which 
has  but  just  left  the  filament  there  will  be  found  a 
number  of  other  electrons  which  have  preceded  it  but 
have  not  yet  completed  their  path.  The  first  electron 
is  subject  to  repulsive  forces  due  to  these  preceding 
electrons  m  addition  to  the  attraction  of  the  anode, 
and  the  greater  the  space-current  the  greater  will  be 
the  number  of  electrons  in  transit  and  the  less  the 
resultant  attraction  on  those  near  the  filament.  If 
the  attractive  field  is  brought  right  down  to  a  zero 
value  in  this  way,  as  at  the  summit  of  the  little  hill 
to  which  he  refers,  the  condition  will  have  become 
stable,  and  the  current  will  not  increase  further  e\'en 
though  it  has  not  reached  its  saturation  value,  unless 
conditions  are  changed  by  increasing  the  potential  of 
the  anode  so  that  more  current  has  to  flow  to  counter- 
balance the  increased  attraction.  Ihis  is  the  main 
effect  responsible  for  the  form  of  the  characteristics  of 
a  high-^'acuum  valve,  and  it  holds  even  when  the 
applied  voltages  are  such  that  the  velocity  of  emission 
of  the  electrons  is  quite  negligible.  Professor  Howe's 
account  is  a  true  explanation  of  the  origin  of  the  parts 
of  the  characteristic  curve  nearest  the  foot,  where 
the  currents  are  so  small  that  the  field  due  to  the  space- 
charge  is  unimportant  compared  with  the  velocities 
of  emission.  The  anode  voltage  is  then  so  low  that 
the  reverse  slope  of  the  little  hill  extends  right  out 
to  the  anode,  and  the  space-current  consists  of  those 
few  electrons  which  start  with  sufficient  speed  to  sur- 
mount it.  As  he  says,  there  are  some  to  which  a 
potential  difference  of  4  or  5  volts  does  not  present  an 
unsurmountable  obstacle. 

The  impression  which  the  model  has  given  to  Mr. 
Pletts  is  not  at  all  incorrect.  In  actual  fact  it  is  very 
common  for  a  grid  current  of  i  micro-ampere  to  corre- 
spond to  an  anode  current  of  i  milliampere,  a  state 
of  affairs  where  only  one  electron  in  a  thousand  does 
succeed  in  reaching  the  grid. 

The  bulk  of  Mr.  Scott-Taggart's  remarks,  though 
interesting,  concerns  recent  work  which  I  have  had 
to  consider  outside  the  scope  of  the  paper.  I  agree  that 
filament-springing  is  a  very  important  point  in  small 
valves,  and  we  cannot  be  content  until  a  solution  has 
been   found  as  satisfactory  as  the  normal  practice  in 


metal-filament  lamps,  in  some  of  which  the  filaments 
are  very  much  finer  than  those  at  present  used  in  valves. 
The  system  adopted  in  the  V24  valve  is  unsatisfactory 
owing  to  the  loading  of  the  free  end  of  the  spring  with 
a  sprung  mass  far  greater  than  that  of  the  filament 
to  be  supported  ;  this  results  in  transverse  strains  on 
the  filament  of  a  type  which  it  is  peculiarly  unfitted  to 
withstand.  The  small  diameter  of  the  R5  grid  fa\'ours 
the  short,  steep  characteristic  which  enables  that  valve 
to  work  on  a  4-volt  filament  accumulator,  an  advantage 
which  certainly  had  to  be  bought  at  a  price.  By  a 
suitable  readjustment  of  the  grid  spacing  the  amplifi- 
cation factor  can  always  be  restored  to  the  desired  value 
after  a  change  in  the  grid  diameter.  In  interpreting 
"  backlash  "  observations  as  indicating  the  degree  of 
evacuation  it  must  be  borne  in  mind  that  the  electronic 
component  of  the  grid  current  decreases  as  the  grid 
is  made  negative  far  more  rapidly  than  the  positive 
ionic  component  which  bears  a  roughly  constant  pro- 
portion to  the  anode  current.  Mr.  Scott-Taggart's 
criticism  would  therefore  apply  only  to  observations 
on  that  side  of  the  maximum  of  reverse  grid  current 
on  which  the  electronic  component  is  gaining  on  the 
ionic,  and  specifications  must  be  so  drafted  as  to  rule 
out  such  observations.  Rectification  at  the  grid  of  a 
high-vacuum  triode  is  considered  in  the  paper  in  the 
paragraphs  preceding  and  following  Fig.  15.  For  the 
less  common  case  of  rectification  at  the  lower  corner 
of  the  anode  curve  (Fig.  22,  curve  6),  the  physical  prin- 
ciples involved  are  the  same  ;  the  statement  as  to  the 
fixity  of  the  form  of  the  curve  below  the  20-micro- 
ampere  point  applies  to  grid  and  anode  curves  alike. 
The  upper  comer  of  the  anode  curve  can  be  treated, 
though  somewhat  roughly,  by  the  method  illustrated 
in  Fig.  30  ;  but  the  treatment  for  the  rectifying  property, 
while  fully  as  cumbrous  as  that  for  the  amplifying, 
is  more  seriously  affected  by  the  imperfect  or  gradual 
saturation  which  occurs  in  practice.  As  regards  the 
grid  characteristics  of  soft  valves,  however,  I  share 
Mr.  Scott-Taggart's  disappointment.  The  difficulty 
here  is  that  one  can  by  no  means  neglect  the  proba- 
bility that  a  given  ion,  after  missing  one  grid  wire,  will 
ultimately  strike  another  and  so  make  a  contribution 
to  the  grid  current,  and  yet  this  probability  would  be 
extrenioly  difficult  to  compute. 

The  whole  field  of  valve  research  at  the  present  time 
seems  to  be  strewn  with  cases  of  discovery  and  re- 
discovery such  as  that  of  the  formula  for  the  voltage 
factor  or  amplification  constant  remarked  upon  by 
Dr.  Eccles.  Captain  Round  mentions  another.  I 
have  always  understood  that  Sir  J.  J.  Thomson's  ex- 
pression is  obtainable  by  a  method  similar  to  that 
employed  by  Maxwell  for  the  plane  case,  but  is  actually 
simpler  owing  to  the  higher  synimetry  of  the  cylindrical 
arrangement  of  the  electrodes. 

The  neutralization  of  the  space-charge,  as  the  term  is 
used  in  the  paper,  is  a  matter  of  electrostatics,  or  "  pith- 
ball  electricity,"  rather  than,  as  some  of  Mr.  Dowsett's 
remarks  seem  to  imply,  of  the  inner  physics  of  the 
atom.  It  is  effected,  not  by  any  close  contact  of  positive 
and  negative  ions,  but  by  the  interpenetration  of  a  cloud 
of  negative  electrons  by  a  cloud  of  positive  ions.  Taking 
the  simple  case  of  an  ion  situated  between  two  electrons. 
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the  presence  of  a  positive  charge  so  placed  will  neces- 
sarily reduce  the  repulsion  between  the  two  negatives, 
i.e.  will  tend  to  "neutralize  the -space-charge." 

Captain  Round's  summarj'  criticism  of  the  ultr- 
audion  circuit  carries  one  back  in  a  flash  to  the  days 
when  most  circuits  merited  a  similar  description. 
Nevertheless  they  did  work  in  their  several  ways.  It 
may  fairly  be  contended,  however,  that  the  severe 
simplicity,  both  theoretical  and  practical,  of  the  circuit 
of  Fig.  5  was  the  result  of  intelligent  pruning  rather 
than  improvised  patchings.  The  question  of  the  reli- 
abiliti,-  at  radio  frequencies  of  statically  determined 
characteristics  is  a  matter  of  present-day  interest  and 
worthy  of  special  research.  It  is  perhaps  because  the 
available  evidence  is  somewhat  indirect  that  Captain 
Round  sets  his  limiting  frequency  for  the  hard  valve 
so  low  as  50,000  r\j  per  second.  He  no  doubt  knows 
of  many  cases  like  that  of  the  simple  Lieben  circuit  of 
Fig.  I  in  which  variations  of  the  resistance  of  the  oscil- 
lation circuit  agree  with  the  corresponding  variations 
in  the  critical  slope  of  the  characteristic  with  some 
approach  to  numerical  accuracy-  at  much  higher  fre- 
quencies. Again,  observations  of  correlation  between 
statical  characteristics  and  circuit  perforniances  on  the 
lines  of  Fig.  33,  but  relating  to  radio  frequencies,  are 
available.  Hov/cver,  the  question  has  never  been 
thoroughly  answered,  and  in  some  minds  the  charac- 
teristics are  still  suspect.  Considering  the  internal 
phj-sics  of  the  valve,  I  am  inclined  to  go  very  much 
further  than  Captain  Round.  With  one  exception, 
the  various  phenomena  which  it  is  necessarj-  to  take  into 
consideration  in  accounting  for  the  characteristics  of 
low-voltage  valves  are  instantaneous  in  comparison 
with  periods  longer  than  the  very  brief  tune  of  flight 
of  an  electron  across  the  valve.  The  exception  is  the 
contact  potential.  This  is  dependent  on  the  condition 
of  the  electrode  surfaces,  and  the  formation  of  surface 
laj'crs  is  not  instantaneous.  But  on  following  up 
Captain  Round's  query  as  to  the  soft  valve  one  finds 
a  verj'  different  story.  The  time  of  flight  of  an  electron 
between  plane  electrodes  5  mm.  apart  and  at  50  volts 
potential  difference  is  2  X  io-9  second,  which  is  the 
time-period  of  a  cjxle  at  a  wave-length  of  only  f  metre. 
The  movement  of  the  positive  component  of  the  space 
curent  will,  however,  be  much  more  sluggish  for  positive 
ions  are  thousands  of  times  heavier  than  electrons, 
and  for  atomic  hydrogen,  helium,  and  mercury  respec- 
tively the  critical  wave-lengtM  will  be  in  the  proportion 
of  30,  60,  and  400  on  the  same  scale  as  before,  the 
time  of  flight  when,  as  here,  the  forces  are  equal,  being 
proportional  to  the  square  roots  of  the  mcisses.  As 
the  positive  ions  cannot  be  allowed  as  much  as  a  full 
cycle  for  their  motion,  the  effects  of  their  slowness 
may  well  become  pronounced  at  wave-lengths  of  150, 


300  and  1,000  metres  for  the  three  gases  mentioned, 
and  it  should  therefore  be  possible  to  observe  differ- 
ences between  valves  filled  with  equivalent  atmospheres 
of  helium  and  mercury.  The  effect  on  the  character- 
istics of  a  proportion  of  positive  ions  sufficient  to  produce 
neutralization  of  the  negative  space-charge  is  certainly 
very  pronounced,  although  their  direct  contribution 
to  the  total  space  current  may  be  quite  negligible,  and 
it  is  possible  that  there  is  little  further  advantage  to 
be  gained  by  producing  ions  and  electrons  from  the 
gas  in  number  comparable  with  the  primary  electrons 
emitted  from  the  filament.  Figs.  iS  and  6  {a)  illustrate 
the  Lwo  cases.  The  reverse  grid-current  shows  approxi- 
mately the  number  of  positive  ions  and  the  corre- 
sponding anode  current  shows  the  number  of  electrons. 
The  secondary-  electrons  from  the  gas  will  be  equal  in 
number  to  the  positive  ions,  and  it  will  be  seen  that 
in  Fig.  6  (a),  where  the  saturated  emission  from  the 
filament  is  onl}^  about  200  micro-amperes,  they  make 
a  contribution  of  one-third  to  the  anode  current,  whereas 
in  Fig.  18  they  are  relatively  negligible. 

Soft  valves  are  in  general  better  rectifiers  than  the 
corresponding  hard  \-alves.  For  amplif^Tng  purposes 
it  would  certainly  be  possible,  and  indeed  it  would  be 
no  novelty,  to  make  a  reliable  soft  valve  ha\Tng  the 
characteristics  of  Captain  Round's  four-electrode  valve. 
Incidentally,  might  not  tins  latter  be  called  a  "  tetrode  " 
according  to  Dr.  Eccles's  euphonious  nomenclature  ? 

On  what  evidence  the  internal  capacities  of  soft 
valves  when  working  are  expected  to  bs  high  I  do  not 
know,  but  some  soft  valves  were  included  in  the  deter- 
minations mentioned  at  the  end  of  Section  S,  and  showed 
a  particularly  marked  decrease  in  the  effective  capacity 
between  their  electrodes  on  incandescing  the  filament. 
In  making  such  observations  it  is  essential  to  ensure 
that  the  effect  is  not  masked  by  any  increase  in  the 
damping  of  the  resonant  circuit,  and,  in  the  light  of  this 
discussion,  not  to  employ  frequencies  too  high  for  the 
positive  ions  to  follow. 

As  regards  the  relations  between  characteristics  and 
circuits  I  regret  that  I  am  unable  to  add  to  what  has 
already  been  written  on  this  subject.  Sj^stematic  work 
on  the  verification  of  these  relations  was  not  under- 
taken until  late  in  the  period  considered,  and  naturally 
so,  because  it  does  in  fact  represent  a  climax  both  in 
valve  making  and  in  the  study  of  circuits,  requiring, 
on  the  one  hand,  a  sufficient  selection  of  suitable  valves, 
and,  on  the  other,  access  to  sufficient  information  as  to 
the  true  action  of  the  circuits  in  which  they  are  used. 

As  long,  however,  as  the  terminals  of  the  valve  are 
so  many  boundary  posts  between  the  students  of  its 
internal  action  on  the  one  hand  and  those  of  its  external 
capabilities  on  the  other,  so  long  will  the  characteristtcs 
be  the  accustomed  meeting-point  of  the  two  schools. 
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Preface. 

Practically  every  branch  ot  the  engineering  trades 
has,  during  the  past  few  years,  opened  its  doors  to  the 
electrical  system,  of  power  application,  quite  irrespective 
of  whether  such  trades  were  or  were  not,  either  directly 
or  indirectly,  in  competition  with  the  electrical  industry. 

Amongst  a  host  of  other  purposes  electrical  power 
has  been  extensively  adopted  for  the  operation  of  the 
various  units  of  plant  on  the  works  of  the  principal 
gas  undertalcings  in  this  country,  on  the  Continent, 
and  in  the  United  States  of  .-\merica.  In  view  of  the 
special  conditions  which  have  to  be  catered  for  in  con- 
nection with  such  plants,  there  are  few  purpos  .s  for 
which  the  electric  motor  is  more  admirably  adapted, 
and  no  greater  compliment  has  ever  been  paid  to  it 
on  the  ground  of  reliability  than  that  implied  by  the 
readiness  with  which  gas  engineers  have  adopted  it  for 
driving  their  most  important  units  of  plant. 

In  the  past,  and  to  a  certain  extent  at  the  present 
time,  there  has  been,  and  is,  an  unfortunate  tendency 
on  the  part  of  gas-undertaking  officials  to  treat  the 
fact  that  they  themselves  are  users  of  electric  power 
as  a  great  secret,  and  to  adroit  it  only  in  a  shamefaced 
apologetic  sort  of  manner.  Such  an  attitude,  in  the 
author's  opinion,  is  wholly  illogical  and  indicates  a  lack 
of  confidence  in  one's  convictions.  Indeed,  the  pro- 
gressive gas  engineer  has  no  cause  whatever  to  be 
ashamed  of  the  fact  that  he  uses  electrical  power  on  his 
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works,  nor  need  he  fear  that  by  so  doing  he  is  playing 
into  the  hands  of  his  competitors.  Living  in  a  pro- 
gressive age,  liis  training  and  experience  teach  him  that 
"  the  old  order  changeth,  yielding  place  to  new,"  and 
he  uses  that  power  which  his  knowledge  of  modem 
methods  convinces  him  will  best  meet  his  particular 
requirements.  In  short,  he  simply  justifies  his  claim 
to  the  title  of  an  engineer  in  the  true  sense  of  the  word  : 
"  One  who,  by  the  judicious  selection  and  the  intelligent 
application  of  the  forces  of  Nature  achieves  a  given 
object  with  the  least  expenditure  of  energy." 

By  introducing  electrical  power  on  a  large  scale  irtto 
his  works  the  gas  engineer  demonstrates  his  acquaint- 
ance with  the  subject  of  the  economical  distribution  of 
power  and  of  those  principles  by  which  power,  con- 
verted to  a  suitable  form,  may  be  economically  applied 
over  a  wide  area. 

The  question  has  been  raised  whether  it  is  a  wise 
policy  for  an  undertaking  in  active  competition  with 
an  electrical  supply  authority  to  introduce  electrical 
power  into  its  own  works  processes,  and  there  are  to-day 
gas  undertakings  on  which  the  works  power  costs  are 
kept  unduly  high  by  the  unfortunate  deference  on  the 
part  of  those  in  authority  to  this  prejudiced  and  wholly 
illogical  view.  Such  a  policy  is  manifestlj'  unfair  both 
to  the  shareholders  and  the  consumers  of  the  under- 
taking pursuing  it,  and  is  against  the  interests  of  the 
gas  industry  as  a  whole.  Incidentally  the  onty  body 
which  is  ever  likel)'  to  benefit  by  it  is  the  competing 
electric  supply  authority. 

A  still  more  absurd  phase  of  the  question  is  to  be 
found  in  works  which  go  to  the  expense  of  installing 
the  most  modern  type  of  stoking  and  handling  plant, 
and  then,  in  fanatical  adherence  to  such  old-time  pre- 
judices, handicap  that  plant  from  its  start  by  the  appli- 
cation of  some  other  form  of  power  motors  to  machines 
which  were  expressly  designed  for  electrical  operation 
and  which  m  this  manner  are  rendered  hicfficient, 
costly  to  maintain,  unreliable  and,  in  some  instances, 
distinctly  dangerous. 

Introduction  of  Electrical  Power. 

In  the  majority  of  works  using  electrical  power  the 
installation  of  an  electrically-operated  stoking  machine 
(of  the  "  Y)q  Brouwer  "  type  in  the  case  of  m^ost  of  the 
earlier  installations!  indicated  the  necessity  for  using 
a  certain  amount  of  electrical  power,  and  from  such 
small  beginnings  have  sprung  the  large  plants  which 
to-day  generate  perhaps  half  a  million  B.O.T.  units 
per  annum  in  even  a  moderate-sized  provincial  works, 
soleh-  for  use  on  the  various  units  of  gas-manufacturing 
plant. 

No  unit  of  plant  in  the  equipment  of  the  modern 


MODERN    GAS    UNDERTAKINGS. 


705 


gas-works  has  made  such  rapid  strides  into  favour 
duriiij;  the  past  lo  or  15  years  as  has  the  electiically- 
operated  stoking  machine  whose"  advent  has  largelj' 
been  the  means  of  sweeping  away  old  prejudices  and 
conservatisms  and  of  marking  the  commencement  of 
a  new  era  in  gas-works  practice. 

The  electric  driving  of  machinery  has  been  described 
as  one  of  those  methods  the  advantages  of  wliich  always 
turn  out  to  be  greater  than  anticipated,  owing  to  the 
fact  that  the  benefits  which  accrue  to  the  power  user 
by  their  adoption  are  made  up  of  a  number  of  small 
conveniences  and  time-savings  which  are  difficult  to 
enumerate  effectively. 

It  is  generally  recognized  that  the  first  steps  towards 
economj'  and  efficiency  in  working  in  all  industries 
lie  in  the  abolition  of  isolated  power  plants,  wfiich 
are  scattered  about  a  works  (particularly  where  such 
plants  are  steam-driven),  and  the  production  in  bulk 
of  all  the  power  required  at  a  centrallj'-situated  power 
house  from  which  it  could  be  economically  distributed 
to  those  points  at  which  a  demand  for  power  existed. 

.\  modem  gas-works,  \vith  its  many  power-using  units 
of  plant  scattered  over  a  wide  area,  offers  ideal  facilities 
for  the  practical  demonstration  of  this  principle,  the 
soundness  of  which,  within  the  last  10  years,  has  been 
realized  bv  a  large  number  of  gas  undertakings  after 
what  can  only  be  described  as  a  period  of  stagnation. 
The  lethargy  of  gas  officials  in  respect  to  their  works 
j)ower-costs  may  have  been  largely  due  to  conservatism, 
but  it  can  also  be  accounted  for  in  the  following  manner  : 

On  all  gas-works  a  continuous  supply  of  steam  is  essen- 
tial for  the  processes  of  coal-gais  and  water-gas  manu- 
facture, and  for  the  operation  of  the  chemical  process 
plants  which  are  to  be  found  on  all  works  of  any  size. 
These  requirements  naturally  lead  to  the  necessity  of 
keeping  a  considerable  amount  of  boiler  plant  in  com- 
mission, and  the  ample  supply  of  steam  which  is  thus 
available  accounts  for  the  large  number  of  single-cylinder 
non-condensing  steam  engines  and  pumps  which  up 
to  a  short  time  ago  were  to  be  found  scattered  about 
the  works  of  most  undertakings. 

Supplied  with  steam  from  an  arterial  system  of  mains 
running  all  over  the  works,  through  draughty  stores 
auid  inaccessible  places,  the  pipes  often  being  untagged, 
such  engines,  of  course,  were  wildly  extravagant,  using 
very  probablj'  something  like  100  lb.  of  steam  per 
b  h.p.-hour  ;  but  in  spite  of  th^ir  drawbacks  they  were 
reliable,  and  this  is  the  sole  reason  which  can  be  advanced 
for  their  continued  employment. 

It  must  be  explained  that,  consequent  upon  the 
development  of  labour-saving  machine^^^  there  are  now 
a  far  greater  number  of  points  on  a  gas-works  at  which 
a  demand  for  power  exists  than  there  were,  say,  lo  or 
15  'years  ago,  and  when  an  attempt  was  made  to  meet 
such  growing  demands  by  this  tj-pe  of  engine  it  was 
found  that  additional  boiler  power  would  have  to  be 
laid  down  or  an  entire  change  made. 

As  has  already  been  mentioned,  the  installation  of 
an  electrically-operated  stolang  plant  together  with 
perhaps  a  small  telpherage  led,  in  the  majority  of  cases, 
to  the  employment  of  electrical  power,  generated  usually 
by  means  of  a  gas  engine  and  d^-namo  of  just  sufficient 
capacity  to  meet  the  demands  of  the  new  plant.     After 


this,  however,  it  is  a  fact  that  electricity  was  often 
looked  upon  as  a  necessary  evil,  necessary  because  of 
the  use  of  an  electrically-operated  stoking  machine  for 
which  power  had  to  be  pro\  ided,  and  for  a  long  time  no 
effort  was  made  to  utilize  it  in  other  directions  until 
the  increasing  demands  of  the  steam-eaters  (to  which 
allusion  has  already  been  made)  indicated  the  necessity 
of  installing  additional  boiler  power  or  of  using  the 
existing  steam  supply  in  a  more  economical  manner. 

The  situation  thus  created,  helped  perhaps  by  the 
persistence  of  contracting  firms  in  pressing  the  claims 
of  the  electric  motor  when  tendering  for  new  plant, 
resulted  in  a  broader  and  more  reasonable  view  being 
taken  of  the  whole  subject  of  electrical  power  appli- 
cation, and  gas  engineers,  realizing  its  many  conveniences 
and  economies,  applied  this  form  of  power,  with  very 
few  exceptions,  for  the  operation  of  all  units  of  their 
plant. 

In  connection  with  the  earlier  installations  on  gas 
undertakings  it  must  be  confessed  that  the  responsible 
engineers  had  a  very  rudimentary  knowledge  of  electrical 
science  and,  in  consequence,  the  general  tj-pe  of  plant 
laid  down  was  in  a  great  measure  left  in  the  hands  of 
the  contractors  who  were  supplying  the  machinery'  for 
which  electricity  was  required.  Their  interests,  natur- 
ally enough,  did  not  extend  beyond  the  particular 
machinery  for  which  they  were  contracting,  and  the 
plant  installed  was  rated  more  or  less  upon  the  demand 
created  by  that  machinery.  Had  a  contractor  ventured 
to  suggest  that  generating  plant  of  a  higher  rating  be 
installed,  with  a  view  to  future  demands  coming  on  it, 
there  is  no  doubt  that  his  reception  would  have  been 
the  reverse  of  cordial.  Thus,  there  is  little  doubt  that 
the  contractors  did  their  best,  and  things,  on  the  whole, 
went  very-  well,  except  that  in  most  cases,  owing  to  the 
poorness  of  the  load  factor  (equivalent  to  that  of  a  crane 
installation  in  the  earlier  gas-works  plants)  the  plant 
did  not  operate  with  that  degree  of  efficienc}'  which  a 
new  order  of  things  has  brought  about. 

It  was  only  when  the  question  of  extending  the 
scope  of  the  electrical  plant  came  up  for  consideration 
that  the  limitations  of  the  existing  generating  sets 
became  apparent,  and  where  new  plant  had  to  be 
installed  it  was  usually  rated  upon  the  basis  of  all  those 
purposes  for  which  it  had  become  apparent  that  elec- 
tricity could  advantageously  be  applied. 

Later  in  this  paper  the  author  proposes  to  deal  with 
the  low  rate  at  which  steam  can  be  raised  on  most  gas 
undertakings.  In  some  cases  when  it  came  to  the 
question  of  installing  new  and  larger  generating  sets 
it  was  found  advantageous  to  abandon  the  small  gas- 
dri\en  sets  which  had  carried  the  works  through  the 
first  stage,  and  to  install  high-speed  engines  of  the  Bellis 
type  supplied  with  steam  raised  by  the  burning  of  low- 
grade  fuel,  namely  coke-breeze,  which  on  most  gas- 
works is  a  drug  in  the  market  but  makes  a  very 
good  steam-raising  fuel  if  burnt  under  proper  condi- 
tions. One  of  the  most  curious  facts  in  connection 
with  the  development  of  electrical  driving  on  gas-works 
is  the  time  that  in  most  cases  elapsed  between  the 
initial  installation  of  a  small  set  for  working  a  stoking 
machine  and  the  extended  application  of  this  power  to 
the  man}'  other  units  of  plant. 
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The  last  decade  has  sounded  the  knell  of  the  single- 
cylinder  steam  engine  so  largely  used  on  gas  under- 
takings, and,  unit  by  unit,  most  of  the  plant  on  manj' 
of  our  large  works  has  been  turned  over  to  electric 
driving. 

To  a  great  extent,  however,  gas  engineers  have,  wisely 
on  the  whole,  resisted  the  temptation  to  throw  out 
well-maiirtained  and  valuable  units  of  plant  simply 
because  it  was  considered  that  thay  were  not  adapted 
for  electrical  driving.  In  some  instances  in  which  the 
change-over  from  a  gas  or  steam  engine  to  an  electric 
motor  has  not  been  successful  this  is  the  explanation 
that  has  been  ad\-anced,  but  the  author's  experience 
shows  that  the  only  way  to  ensure  a  satisfactory  job 
IS  for  the  resjjonsible  engineer  to  possess  intimate  know- 
ledge, not  onlv  of  the  electrical  side  of  the  question, 
but  of  the  characteristics  of  the  plant  he  is  modernizing 
and  of  the  conditions  under  which  it  operates.  Under- 
rating, unsuitable  selection  of  n^otors  and  control  gear, 
and  ignorance  of  the  conditions  which  have  to  be  ful- 
filled, are  responsible  for  95  per  cent  of  such  failures. 

Generally  speaking,  units  of  plant  which  for  years 
have  been  rim  satisfactorily  by  either  a  steam,  or  a  gas 
engine,  will  run  just  as  well,  and  probably  better,  when 
motor  driven,  always  provided  tliat  the  man  who  carries 
out  the  alteration  understands  both  ends  of  the  plant 
thoroughly.  One  of  the  most  interesting  aspects  of  the 
work  of  an  engineer  who  is  engaged  in  a  modernizing 
programme  is  the  scope  which  exists  for  the  exercise 
of  ingenuity  in  adapting  old  but  reliable  plant  for 
working  under  newer  conditions  and  in  carrying  out 
such  alterations  with  a  minimum  of  delay.  In  many 
units  of  plant  modernized  in  this  nianner  bv  the  author 
one  day  was  the  maximum  time  during  which  that  plant 
could  be  spared  out  of  commission. 

Amongst  the  purposes  for  which  electrical  power  is 
to-day  employed  on  an  up-to-date  gas  undertaking  are 
the  following  :  — 


Charghig  macloines. 

Discharging  machines. 

Conveyors. 

Elevators. 

Exhausters. 

Gas  compressors. 

Disintegrators. 

Washers. 

Cranes. 

Telphers. 


Agitators. 
Hydro  extractors. 
Air  compressors. 
Electro-tinning  plants. 
Macliine  tools. 
Woodworking  tools. 
Blowing  fans. 
Boosting  fans. 
Hoists. 
Pumps. 


The  author  proposes  to  deal  with  those  of  the  above 
applications  which  he  has  reason  to  tliink  may  be  of 
-interest  to  the  members. 

Charging  and  Discharging  Machines. 

Under  this  heading  fall  the  most  interesting  units 
of  plant  on  the  entire  works,  but  before  going  into  the 
question  of  development  and  type  of  tlie  various  stoking 
machines  it  may  not  be  out  of  place  to  devote  a  little 
time  to  a  description  of  those  requirements  which  render 
the  use  of  such  machines  necessary. 

For  the  benefit  of  those  who  may  not  be  familiar 
with  the  interior  of  a  retort  house  the  section  in  Fig.  t 


has  been  prepared.  This  is  a  section  through  a  modern 
five-tier  retort  house  of  the  horizontal  type.  For  some 
years  opinion  in  the  gas  industry  has  been  divided 
as  to  the  respective  merits  of  the  vertical  and  the 
horizontal  type  of  retort-setting,  each  type  of  plant 
having  its  own  adherents.  Had  it  not  been  foi  the 
development  of  the  stoking  machine  for  the  charging 
and  discharging  of  horizontal  retorts,  there  is  little  doubt 
that  this  class  of  setting  could  not  have  survived,  but 
with  modern  charging  and  discharging  machines  which 
allow  of  heavy  charges  being  worked  the  horizontal 
setting  more  than  holds  its  own,  and  in  the  United 
States  has  been  developed  on  a  scale  never  attempted 
in  England. 

No  further  mention  will  be  made  in  this  paper  of  the 
vertical  retort  installation,  as  this  typa  does  not  necessi- 
tate the  use  of  any  type  of  machine  which  is  not  included 
in  the  above  list. 

In  a  modern  retort-house  installation  the  brickwork 
setting  in  which  the  retorts  are  installed  is  built  longi- 
tudinally through  the  centre  of  the  house,  the  space 
between  the  sides  of  the  setting  and  the  walls  of  the 
house  being  known  as  the  charging  and  discharging 
stages  respectively.  These  stages  are  on  about  the 
level  of  the  top  of  the  regenerative  furnace  under  the 
retorts,  and  about  a  foot  below  the  level  of  the  floor  of 
the  bottom  retort. 

In  the  case  of  a  typical  modern  English  installation 
each  setting  consists  of  10  retorts  each  20  feet  long 
having  a  deep-sided  D-section  arranged  in  two  vertical 
tiers  of  five.  Each  end  of  the  vertical  retort  is  fastened 
into  a  cast-iron  mouthpiece  of  similar  section,  which 
is  furnished  with  a  sealing  door,  making  a  gastight  and 
airtiglit  joint.  The  gas  freed  during  the  process  of 
distillation  within  the  retort  passes  through  an  outlet 
cast  in  the  mouthpiece,  and  rises  through  ascension 
pipes  to  a  common  maui  running  longitudinally  above 
the  setting.  The  gas  passes  into  this  main  via  a  water 
seal,  each  ascension  pipe  termmating  in  a  dip  pipe 
whose  end  is  sealed  under  the  surface  of  the  liquor  in 
this  main,  which  is  generally  known  as  the  hydraulic 
main.  These  seals  act  as  non-return  valves,  and  prevent 
gas  from  the  hydraulic  main  escaping  through  the 
mouthpiece  when  the  retorts  are  opened  for  charging 
or  repairs. 

Each  setting  of  10  retorts  has  its  own  coke-fired 
regenerative  furnace  situated  at  the  foot  of  the  setting, 
by  which  means  the  retorts  are  maintained  at  a  uniform 
temperature  of  about  2,000°  F.  The  products  of  com- 
bustion from  these  furnaces  after  heating  the  retorts 
pass  into  a  common  main  flue  running  the  whole  length 
of  the  settings. 

By  means  of  exhausting  machinery  placed  exterior 
to  the  retort  house  the  interior  of  the  hydraulic  main 
is  niaintained  in  a  state  of  slight  vacuum,  and  under 
the  influence  of  the  "  pull  "  so  exerted  the  gases  freed 
from  the  coal  during  the  process  of  distillation  are 
drawn  forward  out  of  the  retort  house  in  the  direction 
of  the  purifying  plant. 

An  installation  of  horizontal  retorts  capable  of  car- 
bonizing, say,  150  tons  of  coal  per  day  would  consist 
of  10  settmgs  of  the  type  described  built  in  a  con- 
tinuous  line,    the   total  number   of  retorts   being    100. 
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These  retorts  would  be  charged  twice  a  day  with  14-15 
cwts.  of  coal  after  the  mcandescent  coke  product  from 
the  pre\-ious  charge  had  been  eject'Cd  by  the  discharging 
machine,  ^^^^en  it  is  recognized  that  such  a  house 
working  at  its  full  capacity  necessitates  the  handling 
of  150  tons  of  coal  and  about  100  tons  of  incandescent 
coke  per  24  hours,  the  necessity  for  the  emploj-ment 
of  some  form  of  efficient  stoking  machinery  becomes 
obvious.  With  hand-stoking  such  charges  and  such 
settings  as  those  described  above  would  be  out  of  the 
question,  and  for  an  equal  output  a  much  larger  number 
of  retorts  built  into  a  very  different  class  of  setting 
would  be  essential,  while  the  area  covered  by  the  plant 
would  be  much  greater  in  the  case  of  the  hand-stoked 
house. 

In  a  modem  house  the  charging  stage  shown  in  Fig.  i 


usually  of  such  capacitj-  as  to  hold  sufficient  coal  for 
ID  to  20  hours'  working.  From  time  to  time  the  charging 
machine  runs  under  these  bins  and  replenishes  its  own 
hopper. 

Where,  however,  a  large  number  of  settings  have  to 
be  dealt  «ith  and  a  high  rate  of  stoking  speed  is  necessarj' 
to  enable  the  machine  or  machines  to  get  over  the 
ground  in  proper  time,  a  continuous  line  of  coal  bins 
is  installed  over  the  charging  stage,  each  one  fitted  on 
its  underside  with  a  sliding  door.  Stop-plungers  are 
fitted  on  the  upper  part  of  the  charging  machine  which, 
when  in  the  raised  position,  engage  with  opening  levers 
on  these  sliding  doors.  The  travelling  machine,  with  its 
stops  raised,  automatically  opens  the  hopper  door  and 
allows  a  charge  of  coal  to  pass  from  the  storage  bins 
to  its  own   hopper.     After  taking  in  a  charge  in  this 


Fig.  I. — Section  of  modern  five-tier  horizontal  retort  setting,  showing  charging  and  discharging  stages. 


accommodates  the  discharging  as  well  as  the  charging 
machine,  both  being  run  on  the  same  set  of  rails.  In 
many  of  the  older  installations  rake  machines  for  dis- 
charging the  coke  were  held  in  great  favour,  but  of  late 
years,  due  to  the  evenness  of  the  charge  put  in  by  a 
modern  machine,  it  has  been  found  possible  and  advan- 
tageous to  abandon  the  rake  machine  in  favour  of  the 
ram  or  pusher  type. 

Whatever  their  type,  the  charging  machines  are 
invariably  fitted  with  a  coal  hopper  of  a  capacity  depend- 
ing upon  the  size  of  the  installation  and  the  speed  at 
which  it  is  necessary  to  work.  In  the  case  of  a  small 
number  of  settings  where  a  good  speed  of  working  is 
not  essential  the  hopper  on  the  machine  is  kept  supplied 
with  coal  by  one  or  two  bins  set  in  a  convenient  position 
above  the  charging  stage  assho%vn  in  Fig.  i.  These  are  1 
kept  filled  with  coal  by  an  elevator  or  elevators  and  are 


manner  further  movement  of  the  machine  results  in 
the  closing  of  the  hopper  doors  so  that  it  is  impossible 
for  a  machine  to  pass  from  underneath  a  storage  hopper 
and  leave  the  same  open. 

The  only  machineiy  installed  on  the  discharging  stage 
is  either  a  hot  coke  conveyor  or  a  telpherage  for  the 
purpose  of  taking  charge  of  the  hot  coke  as  it  is  ejected 
from  the  retorts  by  the  discharging  machine  and  trans- 
porting it  to  the  coke  silos  or  storage  bins.  Where  a 
water-gas  plant  is  installed,  a  branch  telpher  track  is 
sometimes  employed  for  the  pui'pose  of  transporting 
the  hot  coke  direct  from  the  retort  house  to  the  storage 
bins  of  the  water-gas  generators. 

Before  proceeding  to  discuss  the  different  types  of 
stoking  machinerjr  it  will  greatl3-  simplify  matters  if 
it  is  explamed  that,  however  the  operation  of  charging 
and   discharging  the   retorts   may  be  affected  bv   the 
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various  types  of  machines  in  use,  they  all  have  two 
common  characteristics.  In  the  first  place  they  have 
to  be  capable  of  a  longitudinal  travel  at  a  rate  of  about 
loo  feet  per  minute  up  and  down  the  house  in  which 
the  settings  are  installed.  This  requirement  necessitates 
the  stoking  mechanism  being  carried  within  a  wheeled 
base  fitted  with  a  travelling  motor,  control  gear,  and  the 
necessary  reduction  gear  for  breaking  the  motor  speed 
down  to  that  required  at  the  rail  wheels.  In  the  second 
place  it  is  essential  that  the  stokmg  mechanism  should 
be  capable  of  a  vertical  adjustnient  in  order  to  enable 
it  to  deal  with  retorts  at  varying  heights  from  the  level 
of  the  stage.  In  the  case  of  a  five- tier  setting  the  amount 
of  vertical  adjustment  necessary  is  8  feet.  To  meet 
this  condition  a  high  skeleton  Superstructure  is  erected 
on  the  wheeled  travelling  base,  and  inside  this  a  plat- 
form or  frame  is  suspended  in  such  a  manner  as  to  be 
capable  of  being  raised  or  lowered  within  the  required 
limits  by  means  of  steel  ropes  or  chains. 


the  essential  portions  of  a  De  Brouwer  projector. 
Within  a  suitable  frame  is  accommodated  an  endless 
rubber  belt  about  15  inches  in  width,  which  runs  over 
and  between  one  large  wheel  (A),  and  three  small  pulleys, 
(B),  (C)  and  (D).  The  p\illey  (B)  also  serves  as  a  driving 
pulley,  and  is  belt-coupled  to  a  shunt-wound  electric 
motor,  by  which  means  a  speed  varying  between  1,100 
and  2,200  ft.  per  minute  is  imparted  to  the  belt.  The 
large  wheel  (A),  usually  one  metre  in  diameter,  is  cast 
with  a  large  central  groove  in  its  periphery,  and  a  spout 
or  tundish  fitted  just  over  this  groove  provides  a  path 
for  the  coal  from  an  overhead  hopper  down  to  the  surface 
of  the  moving  belt.  The  speed  of  the  coal  falling  on 
to  the  belt  is  gradually  increased,  and  finally  attains 
the  same  velocity  as  the  belt.  When  the  latter  turns 
downward  over  the  pulley  (B),  the  stream  of  coal  flies 
off  at  a  tangent,  and  in  this  manner  it  is  projected 
into  the  retort  which  it  is  desired  to  fill.  This  stream, 
of  course,  bends  down  under  the  influence  of  gravity. 


Projector  motor 


Fig.  2. — "  De  Brouwer  "  projector  machine. 


"  De  Brouwer  "  Projector  Machine. 

Named  after  its  inventor,  M.  De  Brouwer.  for  some 
time  engineer  of  the  Bruges  gas-works,  the  De  Brouwer 
projector  machine  has  the  distinction  of  being  the 
simplest  and  most  efficient  device  ever  designed  for 
filling  a  retort  with  coal.  Following  upon  its  intro- 
duction into  the  Bruges  gas-works,  nearly  20  years  ago, 
it  was  speedily  adopted  in  evei^y  gas-works  of  anj'  size 
in  Belgium.  It  is  a  significant  fact  that  although  this 
machine  has  been  exploited  smce  1903  by  a  particularly 
live  firm  of  English  engmeers,  the  resultant  years  of 
accumulated  experience  have  not  warranted  any  radical 
departure  from  M.  De  Brouwer's  original  design,  and  the 
machines  now  being  produced  at  Messrs.  W.  J.  Jenkins' 
shops  at  Retford  are  to-day,  so  far  as  the  actual  projector 
mechanism  is  concerned,  identical  with  the  machine 
which,  in  igo2,  proved  its  worth  in  the  retort  house  at 
Bruges. 

As  its  name  implies,  the  "  De  Brouwer  "  is  a  projector 
machine,  no  portion  of  its  mechanism  entering  the 
retort  to  be  charged.  The  coal  is  projected  from  the 
machine  in  a  manner  similar  to  that  in  which  water 
leaves  a  hose-pipe.  The  principle  of  the  machine  will 
be  readily  grasped  by  reference  to  Fig.  2,  which  shows 


and  by  varying  the  speed  of  the  belt  (and  hence  the 
velocity  of  the  coal)  by  shunt  regulation,  an  even  layer 
of  any  desired  thickness  is  deposited  on  the  floor  of  the 
retort. 

An  obstruction,  in  the  form  of  a  stop  plate,  is  placed 
in  the  far  end  of  the  retort,  and  the  energy  in  the  coal 
is  finally  dissipated,  partly  by  shock  in  coming  into 
contact  with  this  stop,  and  partly  by  lifting  the  coal 
to  a  certain  height  in  opposition  to  gravity.  This  height 
gives  the  required  thickness  to  the  charge.  So  long  as 
the  initial  speed  and  the  sliding  friction  remain  the  same 
the  layer  will  be  of  even  thickness,  but  if  either  of  these 
factors  be  varied,  there  will  be  a  corresponding  alteration 
in  the  thickness  of  the  charge.  By  gradually  slowing 
down  the  speed  of  the  projector  belt-motor  and  so 
reducing  the  velocity  of  the  projected  stream  of  coal, 
an  even  layer  can  be  laid  throughout  the  length  of  the 
retort.  The  whole  operation  of  charging  a  20-ft. 
through  retort  takes  from  25  to  30  seconds.  In  order 
to  meet  the  conditions  in  a  modern  retort  house,  the 
projector  mechanism  is  suspended  within  a  motor- 
driven  travelling  frame.  The  motor  installed  for  pro- 
pelling the  machine  up  and  down  the  house  also  serves 
the  mechanism  which  raises  and  lowers  the  projector 
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according  to  the  height  of  the  retorts  which  it  is  desired    \ 
to  charge. 

In  practice  it  is  found  that  a  De  Brouwer  band  will 
handle  about  18,000  tons  of  coal  before  it  becomes 
necessary  to  renew  it.  These  machines  are  built  in 
three  types,  namely,  the  projector  maclune  ;  the  ram 
machine,  which  consists  of  a  telescopic  ram  installed, 
hke  the  projector,  in  a  wheeled  base  ;  and  the  complete 
stoking  machine,  which  combines  within  one  frame  both 
the  above-mentioned  mechanisms. 

"  Fiddes-Aldridge  "  Stoking  Machine. 

The  Fiddes-Aldridge  stoking  machine  manufactured 
by  Messrs.  Aldridge  and  Ranken  is  the  only  purely 
simultaneous  stoking  machine  used  in  English  gas- 
works. By  the  term  "  simultaneous  "  is  meant  a 
machine  which  performs  the  operations  of  discharging 
the  hot  coke  and  introducing  the  fresh  charge  of  coal 
into  the  retort  simultaneously. 

The  actual  stoking  mechanism  is  shown  very  clearly 
in  Fig.  3,  and  consists  of  a  series  of  box-shaped  links 
joined  together  in  such  a  manner  as  to  permit  them, 
when  withdrawn  from  the  retort,  being  accommodated 
around  the  periphery  of  a  polygonal  wheel,  which  also 
ser\'es  the  purpose  of  driving  the  chain  into,  and  with- 
drawing it  from,  the  retort.  On  each  side  of  each  link 
a  driving  block  is  fixed  in  such  a  position  as  to  engage 
with  pairs  of  driving  arms  bolted  on  the  sides  of  the 
chain  wheel.  By  means  of  suitable  gearing  the  chain 
wheel  is  caused  to  rotate  verj^  slowlj'  and,  the  projecting 
driving  arras  engaging  vvith  the  blocks  fitted  on  the 
sides  of  each  link,  the  chain  is  driven  forward  out  of 
the  machine  into  the  retort  in  which  it  is  extended  as 
a  solid  trough.  The  trough  so  formed  has  no  bottorp, 
but  the  sides  of  each  link  are  held  rigidly  together 
by  means  of  arch  stays  as  shown  in  the  details  of  the 
chain.  The  trailing  end  of  the  last  link  is  anchored  to 
the  chain  wheel.  The  front  of  the  first  link  or  nose  is 
masked  by  means  of  a  steel  door  suspended  from  the 
hood  which  arches  over  the  front  link.  When  hanging 
in  the  vertical  plane  this  door  completely  covers  the 
end  of  the  chain  but  is  free  to  swing  outwards  and 
upwards  on  its  hinge. 

The  method  of  operation  is  as  follows  : — The  machine 
having  been  adjusted  in  front  of  the  retort  to  be  stoked 
the  chain  is  slowly  driven  out  of  the  machine  into  the 
retort  and  at  the  same  time  a  charge  of  fresh  coal  is 
allowed  to  fall  from  an  overhead  hopper  into  the  slowly 
moving  chain.  A  drop-apron  plate  falling  from  the 
front  of  the  machine  forms  a  bridge  betiveen  the  latter 
and  the  mouthpiece  of  the  retort.  The  chain  receives 
its  charge  of  coal  just  as  it  passes  out  of  the  machine 
on  to  this  apron  plate.  The  masked  end  of  the  front 
link  or  nosepiece  on  meeting  the  caked  coke  acts  as  a 
ram  and  the  carbonized  mass  is  pushed  out  of  the  retort. 
\Mien  the  chain  is  known  to  have  travelled  right 
through  the  retort  the  mechanism  is  stopped  and  the 
chain  comes  to  a  standstill  in  the  discharged  retort 
with  its  interior  filled  with  the  fresh  charge  of  coal  up 
to  the  level  of  the  arch  stays.  Upon  the  reversal  of 
the  stoking  motor  the  chain  commences  to  travel  back 
into  the  machine  and,  as  soon  as  it  commences  to  move, 
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the  inside  face  of  the  masking  door  at  the  front  of  the 
chain  meets  the  end  of  the  charge  lying  in  the  trough 
formed  by  the  two  sides  of  the  chain  and,  being  free 
to  open,  further  movement  of  the  chain  causes  this 
door  to  swing  upwards  and  to  trail  over  the  top  of  the 
charge.  The  adhesive  friction  of  the  charge  on  the 
floor  of  the  retort  prevents  the  coal  being  drawn  back 
and  the  two  sides  of  the  chain  links  slide  back  past 
the  coal  into  the  machine,  leaving  the  charge  lying 
loosely  on  the  bottom  of  the  retort. 

In  order  to  ensure  that  the  coal  moves  forward  into 
the  retort  evenly  with  the  chain,  a  number  of  push- 
plates  are  suspended  from  the  arch  stays.  These  push- 
plates,  while  free  to  trail  over  the  top  of  the  charge 
on  the  return  stroke  of  the  chain,  are  so  fitted  as  to 
form  a  rigid  partition  every  couple  of  feet  in  the  chain 
during  the  forward  stroke.  In  this  manner  a  charge 
of  lo-ii  cwts.  of  coal  can  be  laid  loosely  and  evenly 
in  a  22  in.  X  16  in.  X20  ft.  through  retort  by  the  same 
operation  which  expels  a  charge  of  6-7  cwts.  of  incan- 
descent coke. 

The  speed  of  the  chain  tlirough  the  retort  is  about 
70  ft.  per  minute,  and  the  dual  operation  of  charging 
and  discharging  occupies  from  50  to  60  seconds. 

The  machine  shown  in  the  illustration  is  a  standard 
machine  fitted  with  a  stop  plate  which  has  been  recently 
introduced  with  a  view  to  increasing  the  charge.  This 
gear  consists  of  a  plate  which  follows  up  behind  the 
charge  into  the  retort  and  is  maintained  in  position 
until  the  chain  is  completely  out  of  the  retort,  after 
which  it  is  drawn  back  into  the  machine.  By  its  use 
it  is  possible  to  fill  the  chain  to  its  maximum  capacity 
without  having  to  allow  for  the  slight  longitudinal 
spreading  out  of  the  charge  which  takes  place  upon 
the  withdrawal  of  the  chain  past  the  coal  deposited  in 
the  retort. 

The  standard  Fiddes-Aldridge  machine,  as  manu- 
factured up  to  about  1915,  was  a  single-motor  machine, 
the  three  motions  being  picked  up  by  means  of  heavy 
dog  clutches.  These  took  an  appreciable  time  to 
operate,  and  the  best  working  of  which  the  machine 
was  capable  was  one  retort  completely  stoked  in  65  to 
70  seconds.  After  that  date  a  separate  motor  was 
used  for  the  travelling  mechanism  as  a  result  of  experi- 
ments carried  out  by  the  author,  and  it  was  found  that 
the  machine  modified  in  this  manner  was  capable  of 
completely  stoking  a  retort  in  from  45  to  50  seconds. 
Apart  from  the  increased  number  of  settings  with 
which  a  one-machine  installation  was  capable  of  dealing, 
it  was  found  that  ^a.  considerable  saving  of  gas  took 
place  owing  to  the  rapidity  with  which  the  machines 
could  move  up  to,  and  away  from,  an  open  retort.  The 
shorter  period  during  which  the  retort  mouthpieces 
were  open  resulted  in  conservation  in  heat,  and  a  diminu- 
tion in  the  amount  of  lost  gas,  and  on  an  undertaking 
carbonizing  about  60,000  tons  of  coal  per  year  the 
saving  thus  effected  represented  from  2,500  to  3,000 
tons  per  annum. 

As  a  result  of  a  scries  of  tests  it  was  found  that  the 
electrical  energy  consumed  per  completely  stoked  retort 
amounted  to  0-093  B.O.T.  unit,  or  0-23  B.O.T.  unit 
per  ton  of  coal  carbonized.  These  figures  include  the 
power  used  for  ejecting  the  hot  coke  from  the  retorts. 
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New  Type  of  Fiddes-Aldridge  Machine. 

The  original  Fiddes-Aldridge  machine  was  developed 
at  a  time  when  comparatively  light  charges  were  still 
favoured  by  most  gas  engineers,  and  one  of  its  few 
disadvantages  lay  in  its  inability  to  compete  with  those 
machines  which  were  especially  designed  with  the  object 
of  practically  filling  the  retort.  The  use  of  the  stop 
plate  and  continued  refinements  in  the  design  of  the 
chain  have  enabled  it  to  place  substantially  heavier 
charges  in  the  retorts  than  was  at  first  possible,  but  in 
spite  of  these  improvements  the  fact  remains  that  a 
certain  percentage  of  the  capacity  of  the  retort  has  to 
be  reserved  for  the  accommodation  of  the  chain  during 
its  brief  sojourn  in  the  retort,  and  it  is  consequently 
impossible  to  fill  a  retort  completely  with  this  tj'pe  of 
charging  mechanism. 

In  order  to  meet  the  demand  for  a  machine  to  put  in 


lines.  The  enlarged  sketch  at  the  bottom  of  the  illus- 
tration shows  one  end  of  this  conveyor  situated  within 
the  nose  link  of  the  chain. 

When  withdrawn  into  the  machine  the  main  chain, 
conveyor  and  all,  is  accommodated  around  the  peri- 
phery of  the  polygonal  wheel,  the  necessary  adjustment 
between  the  centres  of  the  conveyor  being  provided 
for  by  powerful  tension  springs  by  means  of  which  the 
driving  end  of  this  small  convcj-or  is  anchored  to  the 
chain  wheel.  The  latter  wheel  is  mounted  on  two  very 
heavy  short-stub  axles,  one  on  each  side,  and  the  driving 
shaft  for  the  operation  of  the  conveyor  is  carried  through 
the  centres  of  these  stub  axles.  By  means  of  a  suitable 
clutch  gear  adjacent  to  the  operator  the  conveyor  can 
be  put  into  operation  at  will.  The  method  of  stoking 
a  retort  is  as  follows  : — The  machine  having  been 
adjusted  in  front  of  the  retort  to  be  dealt  with,  the 
chain  is  driven  forward  in  the  usual  manner  and  is 
used  simply  as  a  ram  during  the  forward  stroke.  After 
it  has  travelled  right  through  the  retort  the  operator 


Fig.  3. — Standard  "  Fiddes-Aldridge  "  stoking  mechanism. 


Fig.  4. — "  Fiddes-Aldridge  "  new  "  A  "  chain  machine. 


the  heavy  charges  so  favoured  by  present-day  gas 
engineers  an  entirely  new  type  of  machine  has  been 
developed,  and  during  the  past  three  years  has  been 
subjected  to  exhaustive  tests  at  the  Beckton  works  of 
the  London  Gas  I-ight  and  Coke  Company. 

A  sectional  view  of  this  machine  is  shown  in  Fig.  4, 
which  represents  the  stoking  element  being  withdrawn 
from  the  retort.  At  the  foot  of  the  illustration  two 
enlarged  views  of  the  end  of  this  mechanism  are  shown. 
It  will  be  seen  that  the  machine  is  built  on  the  same 
general  lines  as  the  standard  machme  illustrated  in 
Fig.  3,  the  polygonal  wheel  being  retained  for  the 
purpose  of  working  a  special  form 'of  chain  into  and  out 
of  the  retort.  The  great  difference  between  this  machine 
and  its  predecessors  lies  in  the  chain  itself  and  in  the 
method  by  which  the  charge  of  coal  is  introduced  into 
the  retort.  Instead  of  this  chain  forming  a  hollow 
trough  for  the  reception  of  the  fresh  charge  of  coal  on  its 
journey  into  the  retort,  a  small-slat  conveyor  is  accom- 
modated between  the  two  sides  of  the  chain,  the  path 
of  this  conveyor  being  shown  in  the  figure  by  dotted 


reverses  his  motor  and  at  the  same  time  operates  the 
clutch  which  gives  motion  to  the  conveyor.  This 
commences  to  run  at  a  speed  of  about  600  feet  per 
minute,  the  direction  being  such  that  the  top  portion 
of  the  conveyor  is  running  into  the  retort  when  the 
chain  itself  is  being  withdrawn.  Simultaneously  with 
the  reversal  of  the  chain  a  stream  of  coal  is  automatically 
released  from  the  machine  hopper  and  falls  on  to  the  now 
rapidly  moving  chain  which  carries  it  forward  into  the 
retort  and  deposits  it  over  the  nose  of  the  chain  in 
a  loose-lying  and  even  layer.  Certain  initial  difficulties 
were  encountered  in  the  manufacture  of  a  chain  capable 
of  standing  up  to  the  necessarily  severe  conditions 
which  this  ser\'ice  imposes,  but  these  are  being  rapidly 
overcome,  and  there  is  no  doubt  that  this  machine  will 
soon  take  its  stand  at  the  head  of  English  stoking 
machines. 

It  will  be  noted  in  this  new  machine  that  the  much- 
desired  "  simultaneous  "  characteristic  is  retained  and 
that  the  evenness  and  general  disposition  of  the  charge 
in   the   retort   is   entirely   independent    of    the   human 
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element,  the  ratio  between  the  speed  of  the  conveyor 
and  the  chain  being  unalterable.  In  spite  of  the  large 
charge  which  the  machine  puts- in,  no  difficulty  whatever 
is  experienced  in  pushing  it  out,  as  would  be  the  case 
if  a  Fiddes-.\ldridge  machine  were  used  to  discharge  a 
retort  w'hich  had  been  filled  by  a  projector  machine. 
This  is  due  to  the  fact  that  the  high  velocity  with  which 
the  charge  from  a  projector  machine  enters  the  retort 
causes  the  particles  of  that  charge  to  enter  into  the 
closest  association  with  every  crevice  and  irregularity 
in  the  retort.  In  the  case  of  the  new  Fiddes-Aldridge 
machine  the  charge  is  gently  deposited  on  the  floor 
of  the  retort  and  lies  very  loosely  ;  consequently  it  does 
not  require  so  large  a  pushing  effort  to  discharge  it  when 
the  process  of  carbonization  is  completed  as  would  be 
the  case  with  a  projected  charge. 

E.\RLY  Electrically-operated  Stoking  Machines. 

Up  to  about  1 8  years  ago  no  appreciable  progress  had 
been  made  in  this  country  in  the  development  of  elec- 
trically-operated stoking  machinery',  due,  in  all  proba- 
bility, to  the  fact  that  the  then  requirements  of  the 
English  gas  industry  were  excellently  catered  for  by  the 
West  pneumatic  and  the  Arrol-FouUs  hydrauhc  charging 
and  discharging  machines.  At  that  time  both  these 
t^y'pes  were  well  established  in  English  gas-works  and  were 
held  in  high  esteem.  Even  up  to  a  short  time  ago  both 
the  West  and  the  Arrol-Foulis  machines  were  formidable 
rivals  to  the  electrically-operated  stoking  machines, 
and  many  engineers  at  the  present  time  regard  the 
Arrol-Fouhs  as  the  best  machine  for  discharging  work. 

On  the  Continent,  however,  much  attention  seems 
to  have  been  given  about  this  time  to  the  appUcation 
of  electricity  for  the  operation  of  stoking  machinery, 
and  during  the  period  1901-1903  no  less  than  four 
different  tj^pes  of  plant  were  brought  to  the  notice  of 
gas  engineers,  namely,  the  De  Brouwer  projector 
machine,  the  Paris  turbine  charger,  the  Oerhkon  and 
Bertrand  chargers  and  dischargers,  and  the  Sarraine 
machines,  as  well  as  a  special  type  of  charging  machine 
developed  at  the  works  of  the  Lj-ons  Gas  Company. 

At  this  point  attention  maj-  be  drawn  to  the  coinci- 
dence whereby  two  men,  strangers  to  each  other  and  of 
different  nationalities,  were  both  working  towards  a 
desired  end  along  somew-hat  parallel  lines  and  both 
relying  upon  centrifugal  force.  Thus  while  in  1902 
M.  De  Brouwer  was  perf;;cting  his  projector  machine 
at  Bruges  in  Belgium,  so  at  the  Villette  woiks  of  the 
Paris  Gas  Company  other  engineers  were  engaged  in 
the  development  of  the  turbine  charger,  which  eventually 
threatened  to  hold  the  field  against  all  comers  until  it 
became  reahzed  that  the  simplicity  of  the  De  Brouwer 
machine  did  not  detract  in  any  way  from  its  reliabilitj- 
and  durability. 

The  "  Paris  "  Turbine  Charger. 

This  machine,  developed  at  the  Villette  works  of  the 
Paris  Gas  Company  and  subsequently  introduced  into 
a  number  of  Continental  works  as  well  as  into  the  Beckton 
works  of  the  London  Gas  Light  and  Coke  Company, 
consisted  of  a  steel  outer  casing  accommodating  a 
variable-speed  rotor  driven  by  an  electric  motor.     The 


function  of  this  rotor,  which  somewhat  resembled  the 
paddle  wheel  of  a  steamer,  was  to  impart  such  a  degree 
of  velocity  to  the  particles  of  coal  that  were  allowed 
to  fall  into  the  casing  as  would  cause  them  to  be  pro- 
jected into  the  retorts  in  a  continuous  stream.  A  coal 
hopper  was  installed  above  the  turbine  element  and  a 
motor-driven  feeding  appliance  ensured  a  perfectly 
controlled  stream  of  coal  falling  on  to  the  rotor  blades. 

As  in  the  case  of  the  De  Brouwer  machine  the  speed 
of  the  motor  was  varied  according  to  the  disposition 
and  depth  of  the  charge  it  was  desired  to  place  into  the 
retort,  but  the  great  difference  between  these  two 
machines  lay  in  the  fact  that,  while  in  the  De  Brouwer 
projector  the  particles  of  coal  were  gradually  accelerated 
to  the  required  velocity  with  practically  no  shock,  the 
"  Paris  "  machine  imparted  this  velocity  to  the  charge 
only  as  a  result  of  a  series  of  colhsions  between  the  coal 
and  the  rapidly  revolving  rotor  blades.  The  principle, 
however,  on  which  this  machine  worked  is  still  employed, 
and  certain  of  the  modem  machines  still  use  a  form  of 
centrifugal  rotary  projector  somewhat  similar  to  that 
on  the  "  Paris  "  charger. 

A  particularly  interesting  feature  of  the  "  Paris  " 
turbine  charger  lay  in  the  fact  that  the  required  varia- 
tion in  the  speed  of  the  rotor  was  brought  about  auto- 
matically, thus  rendering  the  actual  formation  of  the 
charge  in  the  retort  independent  of  the  human  element. 
Curiously  enough,  the  author  at  one  time  spent  a  con- 
siderable time  working  out  a  method  by  which  the 
speed  of  a  De  Brouwer  projector  belt  could  be  subjected 
to  automatic  variation,  being  quite  unaware  that  a 
similar  form  of  automatic  control  had  been  tried  nearly 
15  years  before  at  the  Villette  gas-works. 


The    "  Oerlikon,"    "  Bertrand,"    and    "  Sarr.\ine  " 
Machines. 

The  charging  mechanisms  respectively  employed  on 
these  machines,  while  differing  largely  in  structural 
details  and  method  of  operation,  consisted  of  a  bo.x- 
shaped  scoop  of  a  length  sUghtly  in  excess  of  that  of  the 
retort  which  it  was  desired  to  charge.  This  scoop  was 
constructed  in  longitudinal  sections  joined  together  in 
such  a  manner  that  although  it  was  capable  of  being 
driven  forward  into  the  retort  as  a  rigid  element,  it 
could  be  withdrawn  one  section  at  a  time  without  dis- 
turbing or  drawing  back  the  charge  of  coal  which  it 
had  carried  forward  into  the  retort.  When  the  separate 
sections  had  been  drawn  back  into  the  machine  the 
scoop  automatically  resumed  its  rigid  form  in  readiness 
for  the  next  charging  operation.  The  cycle  of  charging 
operations  of  these  machines  occupied  about  60  seconds 
from  retort  to  retort. 

Having  regard  to  the  fact  that  the  specifications  of 
these  early  French  machines  were  invariably  accom- 
panied by  the  specification  of  some  form  of  motor- 
driven  ram  or  rake  machine  for  the  purposes  of 
discharging  the  retorts,  it  is  ob\'ious  that  they  were 
primarily  designed  with  a  view  to  charging  the  retorts, 
but  the  fact  remains  that  the  Oerhkon,  Bertrand  and 
Sarraine  machines  possessed  all  the  essentials  of  the 
"  simultaneous "  type,  and,  if  the  scoops  had  been 
sufficiently  stiff  in  construction,  could  have  been  used 
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for  pushing   the   coke   out  of   through   retorts   by  the 
simple  expedient  of  masking  the  end  of  the  scoop. 

The  "  Lyons  "  Machines. 
The  machines  installed  at  the  Villeurbanne  works 
of  the  Lyons  Gas  Company  were  of  a  special  type  and, 
while  somewhat  similar  to  the  Oerlikon  and  the  Sarraine 
machines  in  respect  to  the  charging  mechanism,  were 
certainly  much  simpler.  The  portion  of  the  machine 
which  actually  entered  the  retort  consisted  of  a  steel 
cartridge  or  tube  built  up  on  a  suitable  framework  and 
split  along  its  horizontal  axis  as  shown  in  Fig.  5.  The 
top   and   bottoni   halves  were  joined   together  so   that 


Top  hAlf 
of  tube 


Fig,  5. — Section    of   cartridge   charging   mechanism   of   the 
"  Lyons  "  machine. 

the  tube  could  be  driven  forward  into  the  retort  as  a 
rigid  element.  On  the  return  stroke,  however,  the  two 
halves  were  dissociated  from  each  other  and  could  be 
drawn  back  independently  and  at  varying  speeds  if 
desired.  Thus  the  bottom  half  could  be  first  drawn 
back  into  the  machine,  an  arrangement  of  plates  on  the 
interior  of  the  top  half  preventing  the  coal  following 
the  floor  of  the  scoop,  and  then  the  top  half  could  be 
withdrawn  from  the  charged  retort.  By  withdrawing 
the  bottom  half  at  a  higher  speed  than  the  top  the 
amount  of  the  charge  left  in  the  retort  could  be  regulated. 
The  preliminary  filling  of  this  tube  or  scoop  before 
entering  the  retort  was  accomplished  by  tilting  it 
within  the  machine  to  an  angle  of  about  50  degrees 
and  then  allowing  the  coal  to  gravitate  into  it  from  an 
overhead  hopper. 


In  the  foregoing  description  of  the  early  French 
machines  the  author  has  confined  his  remarks  to  the 
actual  charging  elements.  The  methods  by  which 
these  elements  are  operated  in  and  out  of  the  retorts 
consisted  in  the  application  of  ordinary  mechanical 
principles  and  are  not  of  sufficient  interest  to  warrant 
any  detailed  description. 

It  will  be  understood  that  all  the  above-mentioned 
machines  were  accommodated  in  an  outer  frame  carried 
on  a  wheeled  travelling  base.  Inside  tliis  frame  the 
stoking  mechanisms  were  free  to  rise  and  fall  in  order 
to  adjust  themselves  to  the  different  tiers  of  retorts. 
In  some  of  these  machines  the  inner  frame  was  not 
suspended  by  wire  ropes  or  chains  but  travelled  up  and 
down  on  a  number  of  vertical  square-threaded  shafts, 
usually  four.  These  square-threaded  shafts  were  fitted 
with  chain  sprocket  wheels  at  one  end  and  were  coupled 
by  an  endless  chain.  In  some  of  these  machines  separate 
motors  were  installed  for  the  operation  of  the  travelling 
and  vertical  adjustment  mechanisms ;  in  others  one 
motor  served  both  these  mechanisms  through  a  suitable 
gear  box  and  clutches. 


Discharging  Machines. 

In  connection  with  the  charging  machines  which 
have  been  described,  some  form  of  pushing  or  drawing 
machine  was  obviously  necessary  for  the  purpose  of 
discharging  the  burnt-off  charge  from  the  retort.  The 
best  method  of  discharging  a  retort  either  by  pushing 
or  drawing  depends  upon  the  character  of  the  charge. 
A  sectional  charge,  that  is  to  say  one  put  in  by  a  number 
of  operations,  frequently  piles  up  and  forms  an  obstruc- 
tion in  the  retort  if  an  attempt  is  made  to  push  it  out, 
and  drawing  machines  are  usually  used  for  the  purposes 
of  dealing  with  such  charges.  In  the  case  of  a  projector 
charge  or  a  charge  which  has  been  laid  in  the  retort 
in  one  operation  such  difficulties  are  not  encountered 
and  the  ram  machine  has  been  found  to  be  quite  satis- 
factory. 

The  use  of  a  ram  machine  working  on  the  same  sets 
of  rails  as  the  charging  machine  confers  a  great  advantage, 
inasmuch  as  no  hot  coke  is  handled  on  that  side  of  the 
house  which  accommodates  the  stoking  machines. 

While  differing  in  structural  details,  most  of  the 
earlier  discharging  machines  were  built  on  very  much 
the  same  lines,  the  rotary  motion  of  the  motor  being 
finally  imparted  to  the  ram  or  drawing  element  (as  the 
case  might  be)  by  means  of  one  or  more  sets  of  racks 
and  pinions.  The  discharging  mechanism  was  of  course 
installed  in  a  wheeled  travelling  base  in  which  it  was 
capable  of  the  required  amount  of  vertical  adjustment. 
None  of  these  older  discharging  machines  is  of  sufficient 
interest  to  warrant  any  special  description. 


Telphers. 

The  mono-rail  telpher  is  rapidly  becoming  a  standard 
unit  of  plant  on  modern  gas-works,  and  has  done  much 
to  reduce  the  heavy  handling  charges  with  which,  under 
the  old   regime,   practically  all  gas   undertakings  were- 
burdened. 
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Telpherage  is  admittedly  not  applicable  to  all  retort 
houses  on  account  of  structural  objections,  but  the 
efficient  manner  in  which  these  installations  are  dealing 
■with  the  hot  coke  discharged  from  the  retorts  of  a  large 
and  increasing  number  of  works  is  rendering  the  telpher 
a  serious  rival  to  all  other  forms  of  conveying  plant 
for  this  purpose,  in  respect  to  both  horizontal  and 
vertical  retort  installations.  Except  in  cases  where  the 
run  between  the  retort  house  and  the  coke  storage 
heap  or  bunkers  is  excessive,  it  will  be  found  that  a 
one-machine  installation  will  deal  with  the  discharged 
coke  as  quickly  as  one  retort-discharging  machine  can 
push  it  out. 

The  usual  practice  is  to  push  the  hot  coke  direct 
from  the  retorts  into  lattice  bar  skips,  three  or  four 
of  which,  at  the  commencement  of  the  discharging 
round,  are  placed  in  readiness  on  the  discharging  stage 
in  front  of  the  benches  to  be  dealt  with.  These  skips, 
as  they  are  filled,  are  lifted  and  conveyed  in  rotation 
from  the  retort  house  to  the  coke  storage  site,  being 
quenched  en  route  in  the  quenching  tank.  The  telpher 
returning  to  the  retort  house  deposits  each  emptj-  skip 
again  on  the  stage  in  advance  of  those  already  there, 
awaiting  their  turn  to  be  filled.  In  this  wav  the  machine 
can  do  its  work  without  loss  of  time  or  hindrance,  and 
so  keep  up  with  the  charging  machine. 

It  is  usual  to  carry  the  contents  of  two  retorts  in 
each  skip  load,  but  in  some  works  where  the  charges 
are  not  very  large  the  contents  of  three  retorts  can  be 
handled  each  trip,  about  25  to  30  cwts.  of  coke  being 
the  maximum  quantity  which  can  be  conveniently 
quenched  at  one  time. 

After  quenching,  the  coke  may  be  conveyed  either  to 
the  coke  yard  or  to  any  point  on  the  works  at  which 
a  supply  of  coke  may  be  required,  such  as  the  water-gas 
plant,  batteries  of  boilers,  or  direct  into  railway  trucks 
for  shipment.  For  these  purposes  branch  tracks  are 
often  installed  running  off  the  main  retort  house  coke- 
j'ard  loop  ;  in  this  respect  the  ease  with  which  the 
mono-rail  telpher  system  lends  itself  to  extension  I 
renders  it  particularly  valuable  on  a  growing  works. 
By  means  of  it  coke  may  be  conveyed  over  long  dis- 
tances with  a  minimum  of  handling  and  breakage,  the 
consequent  accumulations  of  breeze  being  reduced  to 
a  minimum.  The  skips  are  of  heavy  construction  in 
order  to  withstand  the  varj'ing  condition  of  temperature 
and  hard  usage,  and  are  so  balanced  as  to  be  self-tipping 
when  full,  and  automatically  to  right  and  lock  them- 
selves when  empty.  The  tipping  action  is  controlled 
by  a  following  cord  fitted  with  compensating  gear  in 
the   driver's  cab. 

Apart  from  the  simplicity  and  low  running  and 
maintenance  costs  of  the  mono-rail  telpher,  one  of  the 
'chief  advantages  which  renders  it  particularl)-  suitable 
for  the  handling  of  hot  coke  lies  in  the  fact  that  all  its 
working  parts  are  removed  from  the  heat  and  the 
destructive  action  of  coke  dust,  factors  which  are 
invariably  responsible  for  heavy  maintenance  costs  in 
connection  with  ordinary  coke  conveyors.  Its  use  in 
the  retort  house  allows  the  discharging  stage  to  be 
kept  clean  and  dry,  and  a  great  improvement  to  be 
effected  in  the  arduous  conditions  under  which  retort- 
house  men  work. 


Cranes. 

In  many  modern  installations  the  claims  of  the  jib 
crane  carried  on  a  high  gantrj'  seem  to  have  been  ignored 
apparently  for  no  other  reason  than  that  this  well- 
proved  method  of  handUng  is  old  fashioned.  The 
dangers  of  modernity  become  very  apparent  in  some 
instances  in  which  elaborate  conveyor  or  telpherage 
schemes  have  been  installed  for  storage  or  stacking 
duties  that  could  have  been  as  efficientl}'  and  much 
more  cheaply  performed  b)'  a  jib  crane. 

For  transportation  ser\'ices  which  must  be  carried 
out  at  a  high  rate  of  speed  and  over  comparatively 
long  distances  the  mono-rail  telpher  is  an  ideal  machine, 
but  for  storing  or  stacking  the  jib  crane  is  able  to  cover 
a  large  area  at  a  good  height  at  a  comparatively  low 
capital  cost  and  its  claims  are  not  so  fully  examined 
in  connection  with  handhng  schemes  as  its  advantages 
warrant . 

The  modern  electrically-operated  jib  crane  with  its 
separate  motor  for  each  motion  is  a  verj-  efficient  unit 
of  plant  and  lends  itself  to  a  much  higher  rate  of  working 
than  was  possible  with  the  more  ancient  steam  crane. 
A  travelling  jib  crane  mounted  on  a  suitable  gantry 
has  command  over  every  square  foot  of  the  area  wliich 
it  serves,  but  this  same  advantage  is  not  possessed  by 
a  telpher,  which  has  command  over  only  that  portion 
of  the  ground  lying  immediately  under  its  track.  A 
certain  amount  of  side  swing  takes  place  in  regard 
to  its  grab,  but  this  swing  can  be  neither  induced  nor 
regulated  by  the  driver. 

Exhausters. 

In  spite  of  the  extent  to  which,  during  the  past  few 
years,  electricity  has  been  adopted  in  connection  with 
gas-works  plant,  it  is  significant  that  the  cases  in  which 
it  has  been  used  for  the  driving  of  the  mam  exhausters 
are  few  and  far  between.  These  exhausters  have  been 
aptly  described  as  the  "  heart  of  a  gas-works,"  and 
absolute  and  literal  continuity  of  running  is  the  first 
essential  in  connection  with  such  machines.  This 
requirement  accounts  for  the  continued  emploj-ment 
of  steam  engines  and,  in  the  more  modem  plants,  turbines 
for  this  purpose. 

With  steam-driven  exhausters  a  throttle  valve  is 
connected  to  a  gas  governor,  in  such  a  manner  as  to 
vary  the  speed  of  the  engine  automatically  in  the  event 
of  any  variations  in  the  degree  of  partial  vacuum  which 
the  exhauster  exerts  on  the  retort-house  main.  In  the 
event  of  the  vacuum  falling,  the  engine  is  automatically 
speeded  up  and  in  this  manner  a  practically  steady 
"  pull  "  is  maintained.  It  would,  of  course,  be  just 
as  easy  to  connect  this  gas  governor  to  a  suitably 
designed  shunt  regulator  as  to  a  steam  throttle  valve, 
and  there  is  no  reason  why  the  electrification  of  the  main 
exhausters  should  not  be  a  complete  success,  always 
provided  that  the  supply  of  electrical  energy  to  the 
motor  can  be  maintained  as  uninterruptedly  as  the 
steam  supply  to  an  engine  can  be. 

The  right  time  for  the  consideration  of  the  question 
of  driving  the  exhausters  by  means  of  electric  motors 
is  when  the  entire  question  of  the  electrification  of  the 
works   power   plant   is   under   discussion,   and   it   then 
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becomes  a  very  simple  matter  to  install  a  plant  which 
will  meet  any  demand,  however  exacting,  that  may  be 
made  upon  it.  When,  however,  the  question  of  convert- 
ing the  exhausters  to  electric  driving  arises  as  a  result 
of  the  success  which  has  attended  the  electrification 
of  other  machines,  it  is  often  found  that  the  general 
arrangement  of  plant  that  well  served  the  purposes 
for  which  it  was  originall}'  installed  is  utterly  unsuitable 
for  such  exacting  work  as  exhauster  driving. 

In  the  past,  too  much  has  been  left  to  contracting 
firms  and  to  local  electricians,  and  the  consultant's 
fee  that  has  been  saved  turns  out  to  be  a  bagatelle 
compared  with  the  ultimate  expense  which  has  to  be 
faced  in  order  to  render  an  ill-conceived  installation 
capable  of  carrying  important  loads  uninterruptedly. 

Water-gas  Exhausters. 

It  has  been  emphasized  in  the  preceding  paragraphs 
that  absolute  continuity  of  operation  is  the  first  essential 
in  connection  with  the  driving  of  coal-gas  exhausters,  but 
in  the  case  of  the  exhausters  used  for  the  handling  of  the 
gas  from  the  water-gas  plant,  such  absolute  continuity 
of  running,  while  very  desirable,  is  not  so  essential, 
owing  to  the  fact  that  a  relief  holder  is  installed  between 
the  gas  generators  and  the  exhausters.  A  short  stop 
on  the  part  of  the  latter  would  simply  mean  that  this 
holder  would  rise,  and  exhausting  would  have  to  be 
resumed  at  a  slightly  higher  rate  for  a  short  time,  in 
order  to  bring  the  holder  back  to  that  height  at  which 
it  was  found  desirable  to  work  it.  It  is  usually  the 
practice  to  work  these  exhausters  at  such  a  speed  that 
the  relief  holder  is  maintained  a  few  plates  from  the 
ground-level  so  that,  in  the  event  of  an  exhauster 
stopping,  the  holder  is  free  to  rise  a  considerable  distance 
before  it  becomes  necessary  to  shut  down  the  gas 
generating  plant. 

Rotary  Washers  and  Pumps. 

In  connection  with  the  purification  and  by-product 
recovery  plants  a  considerable  use  is  made  of  large 
rotary  horizontal  low-speed  and  vertical  high-speed 
washers,  and  as  these  imits  of  plant  are  in  continuous 
use  they  offer  a  very  tempting  load  {from  the  load- 
factor  point  of  view)  for  electrical  operation,  as  do  also 
certain  of  the  larger  pumps  serving  as  auxiliaries  to 
the  main  washers. 

The  application  of  electric  motors  to  these  macliines 
presents  very  little  difficulty,  but  in  the  case  of  the 
horizontar  washers  a  considerable  speed  reduction  has 
to  be  effected,  the  average  speed  of  these  washers 
varying  from  2  to  5  revolutions  per  minute.  In  the 
absence  of  any  existing  reduction  gear  the  electrification 
of  such  machines  would  involve  a  rather  hea\'j'  outlay, 
quite  apart  from  the  motor  and  control  gear,  but  in 
most  cases  the  work  can  be  verj-  cheaply  and  efficiently 
carried  out  by  regarding  the  existing  steam  engine  as 
a  reduction  gear.  The  connecting  and  eccentric  rods 
of  the  engine  ha\'ing  been  removed,  a  belt  drive  can 
be  taken  either  from  the  motor  direct,  or  via  a  single 
reduction  gear,  to  the  flywheel  of  the  engine,  and  many 
modifications  carried  out  in  this  manner  have  been 
found  to  give  the  greatest  satisfaction. 


The  many  small  pumps  used  on  a  by-product  recovery 
plant  are  a  thorn  in  the  side  of  the  engineer  in  charge 
of  a  modernization  programme,  and  the  expenditure 
involved  in  scrapping  them  in  favour  of  belt-dri\'en 
ram  pumps  is  comparatively  slight  compared  with  the 
economy  which  such  a  change  must  bring  about.  Where 
such  pumps  are  in  the  vicinity  of  a  washer  or  other 
large  unit  of  electrically-driven  plant  it  is  often  possible 
to  drive  them  from  some  portion  of  the  washer-driving 
gear,  but  in  the  absence  of  such  accommodation  the- 
best  course  is  to  arrange  the  pumps  in  groups  according 
to  their  duty  and  hours  of  running,  and  to  drive  each 
group  by  its  own  motor.  Individual  driving  in  con- 
nection with  such  small  jobs  is  a  mistake,  and  every 
effort  should  be  made  to  keep  the  number  of  motors 
in  chemical  recovery  plants  as  small  as  possible. 

A  class  of  pump  which  greatly  facilitates  the  moderniz- 
ation of  by-product  recovery  plants  is  the  battery  type  ; 
this  comprises  a  number  of  plunger-driven  pumps 
accommodated  in  the  same  frame  and  driven  by  a 
common  crankshaft,  and  by  means  of  a  suitable  cross- 
head  and  removable  cotters  any  plunger  can  be  picked 
up  and  dropped  at  will. 

In  the  case  of  large  pumps  it  is  generally  worth  while 
making  some  attempt  to  convert  them  for  electrical 
operation  instead  of  replacing  them  with  a  modern 
type  of  pump  expressly  constructed  for  motor  dri\ang, 
as  it  frequently  happens  that  the  connections  are  of 
such  a  special  nature  as  to  render  it  a  very  difficult 
and  costly  task  to  install  a  new  and  probably  quite 
different  type  of  pump. 

The  electrification  of  pumps  in  connection  with  the 
average  old  type  of  by-product  recovery  plant  is  a 
particularly  attractive  proposition  from  the  fuel-economy 
point  of  view,  inasmuch  as  these  pumps  were  generally 
laid  down  specially  for  the  tanks  and  other  apparatus 
in  conjunction  with  which  they  had  to  work,  and  with 
an  utter  disregard  to  the  long  and  generally  exposed 
runs  of  steam  pipe  necessary  to  provide  them  with 
their  power. 

Gas  Boosters. 

For  the  purpose  of  augmenting  the  gas  pressure  in 
remote  portions  of  the  district  of  supply,  or  in  order 
to  ensure  an  adequate  supply  to  a  rapidly  growing 
district  which  may  have  outgrown  the  capacity  of  its 
supply  mains,  centrifugal  pressure-raising  fans  are 
frequently  employed.  In  cases  where  the  fan  was 
required  to  give  considerable  differential  pressure, 
steam  turbines  held  the  field  for  a  considerable  time 
owing  to  the  very  high  speeds  at  which  the  small  De 
Laval  turbines  were  capable  of  working,  but  recent 
improvements  in  the  design  of  centrifugal  fans  have 
brought  this  service  within  the  scope  of  the  electric 
motor. 

Such  installations  usually  comprise  a  variable-speed 
motor  direct-coupled,  on  a  common  base  plate,  to  a 
centrifugal  fan.  A  flexible  coupling  is  much  to  be 
preferred  to  the  ordinary  cast-iron  coupling  which  is 
generally  supplied  by  contracting  firms.  These  pressure- 
raising  fans  are  of  considerable  value  for  rapidly  trans- 
ferring the  gas  from  one  holder  to  another  in  cases 
of  emergency  or  necessity. 
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In  common  with  coal-gas  exhausters  it  is  essential 
that  the  supply  of  electrical  energy  should  be  reasonably 
immune  from  the  possibility  of  even  momentary  inter- 
ruption before  the  electric  motor  can  be  entrusted  with 
this  service. 

Starter  regulators  are  necessary  in  connection  with 
the  above  boosters  in  order  to  start  at  a  very  low  speed 
so  as  to  avoid  causing  a  pressure  wave  on  the  district. 

Blast  Fans. 

The  blast  fans  for  maintaining  the  generator  heats 
in  a  carburetted  water-gas  plant  offer  a  particularlj'^ 
attractive  field  for  the  attention  of  the  engineer  who 
is  engaged  in  stopping  waste  and  who  is  incidentally  in 
search  of  a  good  load  factor.  The  power  required  to 
drive  these  fans  varies  from  20  to  70  b.h.p.  according 
to  the  capacity  of  the  sets.  The  load  is  usually  a 
24-hour  one.  These  fans  are  nearly  always  belt-coupled 
to  their  steam  engines,  and  the  cheapest  method  is  to 
replace  the  engine  with  an  electric  motor  running  at 
a  moderate  speed  and  to  retain  the  belt  drive.  This 
permits  of  the  job  being  done  without  the  necessity 
of  altering  the  position  of  the  fan  itself  or  of  interfering 
with  the  blast  main,  as  would  be  the  case  if  a  direct- 
coupled  set  were  installed. 

An  interesting  feature  in  such  conversions  lies  in  the 
necessity'  for  the  provision  of  some  form  of  remote- 
control  accelerating  gear  by  means  of  which  the  fan 
may  be  speeded  up  or  slowed  down  by  any  one  of, 
say,  three  or  four  operators.  This  appUes  to  a  fan 
which  serves  three  or  four  gas-making  sets  each  of  which 
would  have  its  own  speed-controlhng  device.  These 
sets  work  in  a  series  of  cycles,  say  4  minutes  "  blow  " 
and  then  5  minutes  gas-making  "  run,"  then  4  minutes 
"  blow  "  and  so  on.  Each  operator  at  such  regular 
inters'als  either  slows  down  the  fan  or  rehnquishes  the 
control  of  it  to  another  operator  whose  set  may  be 
blowng,  the  control  of  the  fan  passing  from  one  operator 
to  another  according  to  the  cycle  which  they  are  working. 

Typical  English  Installation. 

As  illustrating  the  extent  to  which  electric  power 
is  employed  for  the  operation  of  the  various  units  of 
plant  within  the  precincts  of  a  modem  gas-works,  the 
following  particulars  relating  to  the  plant  at  the  Coxside 
works  of  the  Pljtnouth  and  Stonehouse  Gas  Light  and 
Coke  Company  may  prove  of  interest. 

For  the  past  8  years  the  author  has  been  engaged 
in  the  gradual  modernization  of  the  plant  at  these 
works,  and  although  still  much  remains  to  be  done 
he  believes  that  more  use  of  electrical  power  is  made 
on  these  works  than  in  any  other  gas  undertaking  of 
a  similar  size  in  the  United  Kingdom. 

The  original  plant  laid  down  in  1910  consisted  of 
an  electrically-driven  stoking  machine,  and  a  coal  store 
telpher  together  with  three  motors  for  the  operation 
of  coal  and  coke  conveyors.  The  current  required  by 
this  small  plant  was  generated  by  a  pair  of  "  Peache- 
E.C.C."  generating  sets,  each  of  about  40  kw.  capacity. 
At  that  time  a  large  number  of  single-cylinder  non- 
condensing  steam  engines  were  used  about  the  works, 
and  created  so  large  a  demand  for  steam  as  to  deprive 


the  water-gas  and  by-product  recovery  plants  of  the 
steam  so  essential  to  their  efficient  operation,  in  spite 
of  the  fact  that  no  less  than  eight  30  ft.  x  8  ft.  Lan- 
cashire boilers  were  in  use. 

As  an  alternative  to  the  installation  of  additional 
boiler  power  involving  the  erection  of  a  new  boiler 
house  and  stack  on  an  already  congested  site,  and  the 
employment  of  an  additional  8-hour  shift  of  men,  it 
was  decided  to  replace  the  steam  engines  by  electric 
motors.  During  the  past  8  years  no  less  than  51  electric 
motors  of  a  total  of  577  h.p.  have  been  installed,  while 
the  capacity  of  the  power  station  has  been  increased 
from  80  kw.  to  540  kw. 

All  the  steam  required  for  the  generation  of  electrical 
power  is  now  raised  by  a  battery  of  three  30  ft.  x  8  ft. 
Lancashire  boilers,  one  of  which  is  always  down  for 
cleaning. 


Year  ending 
31st  .March 

Electricity  Generated,  B.O.T.  Units 

Load  Factor, 

per  cent 

Total 

Per  1,000  cub.  ft.  of 
Gas  sent  out 

I<)12 

149,000 

0-128 

28 

1913 

170,000 

0-138 

28 

igi4 

203,000 

0-  160 

27 

1915 

224.000 

0-166 

28 

1916 

263,000 

0-  190 

29 

1917 

315,000 

0-224 

32-8 

IQ18 

405,000 

0-278 

40 

1919 

498,000 

0-350 

47 

1920 

620,000 

0-429 

50 

In  place  of  the  high-grade  coke  once  used,  these 
boilers  are  now  fired  with  a  low-grade  breeze,  and  in 
spite  of  this  the  tonnage  required  over  a  given  period 
is  much  less  than  formerly.  In  October,  1919,  the  annual 
output  of  the  generating  station  was  about  800,000 
B.O.T.  units,  and  when  the  conversions  now  in  hand  are 
completed  it  is  estimated  that  between  i  and  i  J  million 
units  will  be  generated  annually. 

Unfortunately,  gas  engineers  are  slow  to  avail  them- 
selves of  the  facilities  which  electrical  driving  affords 
for  the  accurate  determination  of  the  relationship 
between  work  done  and  current  consumed,  and  it  is 
consequently  ver\'  difficult  to  obtain  any  reliable  data 
in  this  respect.  This  being  the  case  the  author  much 
regrets  that  the  only  data  which  he  is  able  to  include 
in  this  paper,  so  far  as  stoking  machinery-  is  concerned, 
is  that  referring  to  the  machines  under  his  care.  Many 
engineers  using  electricity  on  their  works  have  not 
the  remotest  idea  of  the  amount  of  coke  or  coal  they 
can  handle  by  a  given  expenditure  of  electrical  energy-, 
and  are  too  prone  to  look  upon  the  integrating  watt- 
meter and  the  recording  ammeter  as  expensive  luxuries. 

One  of  the  most  valuable  instruments  for  use  in 
connection  with  telpher  and  stoking-machine  installations 
is  a  recording  wattmeter  having  a  specially  fast  clock- 
work movement  for  the  chart.  By  the  use  of  such  an 
instrument  a  valuable  check  can  be  kept  upon  the  work 
of  the  different  shifts,  and  any  loss  of  time  in  the  various 
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operations  can  be  detected  and  rectified  before  it  becomes 
a  fixed  habit.  The  use  of  these  instruments  enables  an 
engineer  to  keep  his  finger  on  the  pulses  of  the  various 
units  of  plant,  and  to  detect  incipient  faults,  not  only 
in  the  electrical  equipment  but  also  in  the  machines 
to  which  the  motors  are  coupled. 

The  growth  of  this  plant  during  the  past  few  years 
may  bo  gathered  from  the  table  on  the  previous  page. 

During  the  year  ending  31st  March,  1919,  the  498,000 
units  generated  were  distributed  as  follows  : — 


Units 

Coal-handling  plant     . . 

154,000 

Coke-handlmg  plant    .  . 

9S,ooo 

Purification  plant 

120,000 

Carburetted  water-gas  plant  .  . 

87,500 

Machine  tools,  lighting,  etc.  .  . 

41,500 

Total 

498,000 

Average  daily  output 


Generating  Plant. 


1,364 


Although  the  purchase  of  electrical  energv  in  bulk 
from  an  outside  source  offers  a  very  convenient  alternative 
to  the  installation  of  a  private  generating  station,  it  is 
generally  considered  undesirable  that  so  vital  a  public 
service  as  gas  supply  should  be  dependent  for  its  con- 
tinuity upon  an  extraneous  source  of  power.  In  the 
majority  of  gas  undertakings  usmg  electricity  for  their 
various  units  of  plant,  power  is  generated  by  a  private 
plant  within  the  precincts  of  the  works.  By  far  the 
greater  number  of  such  stations  are  equipped,  naturally 
enough,  with  gas-driven  sets,  and  no  better  proof  of 
the  suitability  of  the  gas  engine  for  such  purposes  is 
needed  than  the  maintained  economy  and  reliability 
with  which  these  sets  run,  year  in  and  year  out,  under 
conditions  that  are  anything  but  ideal. 

It  is,  however,  a  fact  that  in  many  cases  the  type 
of  plant  was  chosen  more  with  an  eye  to  immediate 
convenience  at  the  time  of  installation  than  to  the  ■ 
ultimate  uses  to  which  it  would  be  applied.  In  most 
cases  the  primary  installation  of  such  plant  marks  a 
period  of  transition  in  the  history  of  a  works,  and  it 
is  usually  put  in  at  a  time  when  the  whole  works  is 
in  the  contractor's  hands.  With  new  gas-manufacturing 
plant  being  erected,  and  innumerable  matters  to  be 
attended  to,  there  is  a  very  natural  reluctance  to  under- 
take more  work  than  is  absolutely  essential  for  the 
supply  of  current  to  the  new  sections  of  plant. 

The  alternative  to  a  supply  of  power  from  an  outside 
source  lay  in  the  installation  of  a  gas-dri\-en  generating 
set  of  just  sufficient  capacity  to  meet  the  demand 
created  by  the  new  sections  of  plant.  Had  more  atten- 
tion been  concentrated  upon  the  wide  range  of  purposes 
for  which  electrical  power  might  ha\-e  been  advantage- 
ously employed,  it  would  have  become  obvious  that  there 
was  every  justification  for  the  increased  capital  outlay 
necessitated  by  the  installation  of  good  steam  plant. 

The  fact  that  most  works  are  more  or  less  compulsorily 
burdened  with  a  constant  supply  of  low-grade  steam- 
raisirg  fuel  has  not  been  so  well  recognized  as  might 
hs  ve  been  expected,  and  in  only  a  few  cases  has  ad\'antagc 


been  taken  of  the  exceptional  facilities  afforded  by 
breeze  for  the  generation  of  cheap  power. 

On  many  gas-works  breeze  is  practically  a  drug  in 
the  market  and  its  accumulation  frequently  causes 
inconvenience  and  necessitates  labour  charges  for 
stacking,  yet  from  5  to  6  lb.  of  water  may  easily  be 
evaporated  per  pound  of  fuel  burnt  under  proper 
conditions. 

On  a  large  works  no  electrification  scheme,  however 
extensive,  can  totally  eliminate  the  demand  for  steam, 
and  it  follows  that  certain  boilers  have  to  be  kept  in 
commission.  This  fact,  coupled  with  the  presence  of 
a  supply  of  coke  breeze,  establishes  a  very  strong  case 
for  the  employment  of  modern  steam  plant  for  the 
generation  of  the  electrical  energy  required,  at  a  far 
cheaper  rate  than  could  be  achieved  with  gas-engine 
driven  sets.  However  carefully  the  coke  may  be  handled 
most  works  produce  sufficient  breeze  for  their  own 
requirements,  and  unless  the  cost  of  gas  into  holder 
happens  to  be  very  low,  or  a  good  price  for  breeze 
can  be  obtained  in  the  district,  the  installation  of  steam 
units  is  the  most  economical  proposition  for  a  works 
which  means  to  make  serious  use  of  its  electrical  plant. 

Where  the  general  condition  of  existing  boilers  is 
such  as  to  warrant  their  continued  employment  in 
conjunction  with  steam-driven  generating  sets,  a  con- 
siderable saving  in  capital  outlay  may  of  course  be 
effected,  but  it  often  happens  that  the  interests  of 
ultimate  economy  are  sacrificed  by  the  retention  of 
low-pressure  boilers  for  this  purpose,  as  the  economy 
of  the  plant  is  handicapped  by  high  fuel  costs  which 
could  have  been  avoided  had  new  high-pressure  boilers 
been  installed  for  the  generation  of  electrical  energy. 

Gas-driven  Sets  as  a  Stand-by. 

As  a  stand-by  to  the  steam  units,  a  gas-driven  set  of 
sufficient  capacity  to  serve  the  more  important  units 
of  plant  is  a  valuable  investment  and  permits  of  the 
most  comprehensive  overhaul  being  carried  out  on  the 
steam  plant  with  a  degree  of  convenience  and  economy 
which  would  be  impossible  in  an  "  all  steam  "  station. 
The  elaborate  and  costly  precautions  so  often  adopted 
in  public  electricity-supply  stations  in  order  to  guard 
against  a  failure  of  supply  are  no  less  essential  in  the 
private  station  on  a  gas-works  which  adopts  electrical 
driving  entirely,  unless  it  so  happens  that  one  gas- 
driven  generating  set  has  been  also  installed. 

The  installation  of  such  a  unit  permits  of  a  much 
simpler  and  less  costly  lay-out  of  steam  plant  in  both 
the  boiler  house  and  engine  room  without  sacrificing  the 
high  factor  of  safety,  besides  making  it  possible  to  shut 
down  the  steani  plant  altogether  should  the  necessity 
arise.  A  further  advantage  which  the  presence  of  such 
a  set  in  the  works  power  station  confers,  lies  in  the  fact 
that  it  affords  a  standing  testimony  to  the  cleanliness 
and  efficiency  with  which  a  large  user  of  electrical 
energy  may  generate  electrical  power  b}'  means  of 
gas-engine  sets. 

This  argument  is  not  advanced  as  a  reason  for  a 
works  to  install  such  a  unit  of  plant,  but  its  value  in 
this  connection  cannot  be  overlooked.  With  both 
input    and    output    accurately    metered    a 
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generating  set  in  the  works  station  is  a  powerful  selling 
weapon  in  the  hands  of  a  gas  salesman,  particularly 
in  a  large  industrial  district  where  the  area  covered  by 
the  gas  mains  happens  to  be  greater  than  that  served 
bj'  a  public  electricity  supply-  authority. 

Waste-heat  Installations. 

Up  to  the  present  verj'  little  attention  has  been 
given  to  the  subject  of  waste-heat  recovery,  and  gas 
engineers  would  do  well  to  follow  the  lead  of  the  metal- 
lurgical industries  in  this  respect.  The  practice  of 
raising  steam  by  the  employment  of  flue-gas-fired 
boilers  (preferably  of  the  tubular  type)  is  by  no  means 
a  new  idea,  but,  so  far  as  gas-works  are  concerned  such 
installations  are  rarely  met  with,  in  spite  of  the  fact 
that  such  works  are  usually  well  to  the  front  in  the 
recovery  of  all  by-products  of  any  value. 

The  lethargy  and  conservatism  to  which  the  author 
has  already  alluded  are,  no  doubt,  to  a  certain  extent 
responsible  for  the  lack  of  enterprise  in  this  direction, 
but  another  and  more  tangible  explanation  lies  in  the 
reluctance  of  the  gas  engineer  to  take  any  step  which 
might  have  the  effect  of  impairing  that  chimney  draught 
which  is  so  essential  to  successful  carbonization. 

Faith  in  old  and  well-established  institutions  dies 
hard,  and  gas  engineers,  like  many  of  their  brethren  in 
other  branches  of  the  engineering  profession,  are  slow 
to  acknowledge  the  advantages  of  artificiallj^-induced 
draught  in  connection  with  their  retort-house  furnaces. 
Having  regard  to  the  fact  that  the  maintenance  of 
even  heats  is  so  important  a  factor  in  satisfactory 
retort-house  working,  it  seems  strange  that  induced- 
draught  fans  are  so  rarely  employed,  even  for  no  other 
reason  than  that  their  use  ensures  independence  of 
atmospheric  conditions,  and  quite  apart  from  any 
waste-heat  utiUzation  scheme,  in  connection  with  which 
their  employment  is  of  course  essential. 

In  ordinary  gas-works  practice  the  volume  of  high- 
temperature  waste  gases  is,  of  course,  very  small  com- 
pared \vith  coke-oven  and  blast-furnace  plants,  but 
this  is  no  reason  why  the  most  should  not  be  made  of 
them.  The  quantity  available  is  at  least  sufficient  to 
warrant  a  reasonable  expenditure  with  the  object  of 
harnessing  them  and  obtaining  useful  work  from  what 
would  otherwise  be  a  waste  product,  and  no  difficulty 
should  be  found  in  getting  an  evaporation  of  2  to  3  lb. 
of  water  for  every  pound  of  coke  burnt  in  the  retort 
furnaces.  This  estimate  is  based  upon  the  coke  used 
having  a  calorific  value  of  about  12,000  therms  *  per 
pound,  and  an  average  iiue-gas  temperature  of  about 
500°  C.  In  one  case  known  to  the  author  the  waste 
heat  from  about  16  retort  settings  is  passed  through 
a  waste-heat  boiler  installed  in  the  main  flue.  The 
average  hourly  consumption  of  coke  in  the  furnaces 
is  from  n  to  12  cwts.,  the  feed  water  temperature  is 
from  90°  to  100"  F.,  and  an  evaporation  of  about 
3,000  lb.  per  hour  is  obtained.  This  particular  plant, 
it  may  be  observed,  is  by  no  means  a  model  installation. 

In  another  proposal  with  which  the  author  is  dealing, 
a  guaranteed  minimum  evaporation  of  6,000  lb.  per 
hour  is  quoted  in  connection  with  a  group  of  settings 
consuming  about  one  ton  of  good  gas  coke  per  hour. 

•  British  thermal  units. 


This  installation  includes  the  use  of  a  draught-inducing 
fan,  so  that  the  net  advantage  which  this  plant  would 
confer  on  its  user  would  be  this  guaranteed  minimum 
e\-aporaticn,  minus  the  power  taken  by  the  fan,  probably 
about  700  to  Soo  lb.  of  steam  per  hour. 

In  round  figures  there  should  be  no  difficult}-  in  any 
works  equipped  with  good  modern  steam-driven  gener- 
ating sets  obtaining  all  the  power  required  for  the 
operation  of  their  various  units  of  gas-making  plant 
from  a  waste-heat  boiler  fired  with  flue  gases  from  the 
retort-house  furnaces.  The  output  from  such  a  boiler 
would  of  course  only  varj'  according  to  the  number 
of  settings  in  use  and  would  be  absolutely  constant  so 
far  as  daily  working  was  concerned.  With  variations 
in  the  load,  blowing-off  would  naturally  take  place 
unless  a  batterj-  installation  were  pro\'ided  to  take  a 
charging  current  at  periods  of  otherwise  light  load,  or 
unless  great  pains  had  been  taken  to  secure  a  good 
load  factor. 

Where  capital  expenditure  had  already  been  incurred 
in  respect  to  an  installation  of  high-  or  moderate-pressure 
reciprocating  sets,  the  waste-heat  boiler  would  be 
designed  to  give  steam  at  such  a  pressure  as  would 
enable  it  to  work  in  conjunction  with  the  existing  steam 
plant. 

\Miere,  however,  a  fresh  start  is  being  made  in  regard 
to  power  plant,  there  is,  in  the  case  of  a  fair-sized 
works  favourably  situated  in  regard  to  a  supply  of 
water  for  condensing  purposes,  a  strong  argument 
for  the  employment  of  a  waste-heat  boiler  working  in 
conjunction  with  low-pressure  turbine  units,  the 
necessary  stand-b)'  taking  the  form  of  a  gas-driven 
generating  set. 

The  "  Thomas  "  Meter. 

One  of  the  most  recent  applications  of  electricity 
on  a  gas-works,  and  one  which  will  inevitably  conduce 
to  a  much  more  efficient  degree  of  scientific  control, 
is  the  use  of  the  "  Thomas  "  electrically-operated 
meter  for  the  measurement  of  gas  in  large  volumes. 
The  use  of  this  meter  places  the  gas  engineer  in  the 
same  position  in  regard  to  his  output  as  the  central 
station  engineer,  inasmuch  as  it  pro\-ides  him  with  the 
same  facilities  for  recording  his  hourly  output,  variations 
in  output,  and  peak  loads,  in  the  same  manner  as  in 
electricity  undertakings,  substantially  the  same  instru- 
ments being  used  in  the  two  cases  for  the  control  of 
the  output. 

The  principle  upon  which  this  meter  works  was 
established  by  Professor  C.  C.  Thomas  at  the  University' 
at  Wisconsin  in  the  course  of  experiments  bearing  upon 
the  heating  of  flowing  gases  tlnrough  known  temperature 
ranges.  These  experiments  proved  that  a  given  quantity 
of  industrial  gas  requires  a  practically  constant  amount 
of  heat  to  raise  its  temperature  through  a  fixed  range. 

Fig.  6  will  enable  the  principle  of  this  meter  to  be 
easily  grasped.  In  the  vertical  plane  a  short  length 
of  gas  main  is  shown,  the  direction  of  flow  of  the  gas 
tlirough  which  is  indicated  by  arrows.  In  this  main, 
j  one  heating  element  (F) ,  and  two  temperature-resistance 
elements  (A  and  C)  are  placed,  these  elements  con- 
sisting of  special  circular  grids  and  the  element  F  being 
placed     midway     between     them.     Suitably     insulated 
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connecting  wires  are  brought  through  the  wall  of  the 
main  for  connection  to  an  outside  source  of  current 
supply.  The  main  in  which  these  elements  are  installed 
consists  of  a  special  casting  for  introduction  between 
existing  flanges. 

In  the  figure,  A  and  C,  together  with  two  external 
resistances  (B  and  D),  form  the  four  elements  of  a 
Wheatstone  bridge  into  which  a  galvanometer  (E)  is 
connected  in  the  usual  manner.  At  the  same  given 
temperature,  the  resistance  of  the  four  limbs  A,  B,  C 
and  D  are  equal,  and  the  bridge  is  in  a  state  of  balance. 
Upon  a  current  of  electricity  being  passed  through 
the  heater  coil  (F)  it  follows  that  heat  will  be  imparted 
to  the  flow  of  gas,  and  through  that  medium  will  be 
carried  to  the  temperature  coil  (A),  the  resistance  of 
which  will  hence  be  increased.  Hence,  the  bridge  will 
be  thrown  out  of  balance  by  an  amount  corresponding 
to  the  swing  of  the  galvanonieter  needle. 


Fig.  6. — Diagram  showing  principle  of  the  "  Thomas  "  meter. 

The  galvanometer  (E)  is  of  special  construction, 
and  is  enabled  to  act  as  a  current  regulator  in  respect 
to  the  heater  coil  by  means  of  a  special  mechanical 
arrangement  which  periodically  clamps  this  needle 
between  selector  contacts.  These  contacts  control  the 
current  through  the  heating  coil  via  small  electrically- 
operated  pawls,  which  in  turn  actuate  a  main  rheostat. 
In  practice  it  is  customary  to  supply  enough  current 
to  the  heating  coil  (F)  to  bring  about  a  difference  of 
2  degrees  F.  in  the  gas  between  the  points  at  which 
the  temperature-resistance  elements  (A  and  C)  are 
installed. 

The  amount  of  current  necessary  to  bring  about 
this  constant  difference  in  temperature  varies  with  the 
volume  of  gas  passing  at  any  given  moment,  and  this 
energy  is  measured  on  both  a  watt-hour  meter  and  a 
recording  wattmeter  calibrated  in  cubic  feet  of  gas 
instead  of  the  usual  electrical  units.  The  indications 
thus   obtained   register  the   flow   of  gas   in   cubic   feet 


without  any  corrections  whatever  being  necessary  for 
either  pressure  or  temperature  variations. 

It  will  be  clearly  understood  that  this  apparatus 
naturally  divides  itself  into  two  general  parts  :  (a)  The 
special  element  housing  in  the  main  pipe  line.  (6)  The 
recording  panel  on  wliich  is  mounted  the  heater  current 
control  devices  and  a  small  continuously-running 
motor-generator  for  the  supply  of  power  to  the  heating 
and  Wheatstone  bridge  elements.  This  panel  may  be 
mounted  in  a  convenient  place  at  any  reasonable 
distance  from  the  actual  housing  in  the  main  pipe 
line. 

It  would  be  superfluous  to  emphasize  the  benefits 
which  the  possession  of  a  continuous  graphic  record 
of  the  total  output  on  any  particular  main  confers 
upon  the  gas  engineer.  It  is  an  advantage  which 
central  station  engineers  have  always  enjoyed  but 
which  has  only  recently  been  afforded  the  gas  engineer 
by  the  employment  of  this  meter.  The  standard 
station  meter  hitherto  used  on  gas  undertakings  is  of 
such  dimensions  as  to  necessitate  the  erection  of  a  fair- 
sized  house  to  accommodate  it,  and  apart  from  all  the 
other  advantages  of  the  "  Thomas  "  meter  a  great 
saving  in  ground  space  and  building  costs  is  effected 
by  its  installation. 

Conclusion. 

The  author  has  endeavoured  to  indicate  the  increasing 
extent  to  which  electrical  power  is  being  used  on  modem 
gas  undertakings,  and  this  fact,  together  with  the  growing 
popularity  of  the  internal-combustion  engiiae  for  the 
purposes  of  electrical  generation,  particularly  as  regards 
large  capacity  units  working  in  conjunction  with  modem 
by-product  recovery  plants,  must  ultimately  result  in 
members  of  both  the  gas  and  electrical  professions 
taking  a  broader  and  altogether  more  reasonable  view 
of  the  entire  subject  of  power  competition. 

A  further  result  of  modern  practice  in  the  abo've 
connection  lies  in  its  effect  upon  the  training  and 
experience  of  the  modem  gas  engineer,  which  must 
result  in  future  in  widening  the  scope  of  the  industry. 
From  small  beginnings  large  issues  spring,  and  it  is 
impossible  to  estimate  what  important  results  may 
arise  from  the  small  introductorv  use,  a  few  years  ago, 
of  electric  power  for  the  operation  of  a  single  unit  of 
gas-works  plant. 

It  may  even  lead  in  certain  districts  to  the  gas-works 
being  the  sole  place  at  which  coal  will  Le  used  on  a 
large  scale,  and  therefore  the  source  from  which  elec- 
tricity pur^-ej^ors  will  draw  the  necessary-  fuel  for  the 
operation  of  their  generating  sets.  Alternatively,  it 
may  lead  to  an  extensive  fusion  of  gas  and  electrical 
interests  in  connection  with  big-scale  joint  undertakings, 
"  joint  "  not  only  as  regards  business  control,  but  in 
the  teclmical  sense  of  the  word  for  the  supply  of  light, 
heat,  and  power  to  the  public. 
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For  several  years  past  it  has  been  evident  to  many 
radiologists  that,  in  the  absence  of  some  fundamental 
change  in  our  methods  of  generating  X-rays,  further 
development  in  the  science  of  radiologj'  would  be 
limited  to  matters  of  detail.  Great  improvements  in 
apparatus  and  in  methods  have  been  brought  about, 
especiall}-  during  the  war,  but  so  far  as  the  real  essentials 
are  concerned  we  are  no  further  on  than  we  were  a 
dozen  or  more  3'ears  ago  when,  perhaps  without  realiz- 
ing it,  we  arrived  at  a  sort  of  bhnd  end  out  of  which 
we  have  been  tr\TXig  to  find  a  way. 

The  various  steps  that  have  marked  the  development 
of  radiography  are  familiar  to  most  of  us.  The  demand 
for  shorter  exposures  led  to  the  production  of  more 
powerful  coUs  and  tubes  capable  of  receiving  these 
heavy  currents — at  one  time  the  race  between  the 
coil  maker  and  the  maker  of  X-ray  tubes  was  not  without 
some  elements  of  excitement.  Almost  it  seemed  that, 
given  a  sufficiently  large  coil  and  suitable  tube,  instantane- 
ous radiography  would  follow  as  a  matter  of  course ; 
but  we  were  not  long  in  finding  out  that  the  induction 
coil  was  subject  to  limitations  of  an  inherent  nature — • 
the  self-induction  and  impedance  of  the  secondarj' 
winding — that  most  effectually  barred  any  real  progress 
beyond  a  certain  more  or  less  well-defined  limit.  The 
monster  coil  was  a  disappointment  that  increased  with 
its  size,  and  it  is  doubtful  if  we  have  anything  that  can 
compare  with  a  good  12-in.  coil  and  mercur)-  break, 
so  far  as  it  goes,  as  an  efficient  means  of  exciting  an 
X-ray  tube.  The  use  of  the  electrolytic  interrupter 
satisfied  the  demand  for  more  current  through  the  tube, 
but  the  large  amount  of  inverse  current  was  a  serious 
drawback,  which  even  the  valve  tube  (itself  a  very  un- 
satisfactory instrument)  failed  to  remove  entirely. 
Still  the  cry  of  the  radiographer  was  for  more  milli- 
amperes,  free  from  inverse  current,  feeling  quite  sure 
that  once  obtained  all  would  be  well.  At  this  juncture 
an  electrical  engineer — my  friend  Mr.  (now  Dr.)  H. 
Clyde  Snook — brought  for^vard  his  high-tension  trans- 
former, with  a  closed  magnetic  circuit  and  m.schanical 
rectifier,  giving  a  perfectly  unidirectional  current  in 
larger  volume  than  anything  of  which  we  knew.  The 
promised  land  seemed  well  in  the  foreground  and  we 
hailed  him  as  our  deliverer.  We  have  had  this  instru- 
ment now  for  close  on  a  dozen  years,  and  there  is  no 
doubt  that  it  has  been  of  enormous  service  to  the  whole 
science  of  radiography,  but  can  anyone  of  us  who  has 
had  a  large  experience  in  its  use  say  that  it  has  realized 

•  Throughout  the  body  of  this  paper,  as  distinct  from  the  title,  the  word 
"transformer"  refers  to  apparatus  having  a  closed  magnetic  circuit  ns  distin- 
guished from  the  "coil  "  with  its  open  straight  core. 


our  full  expectations  ?  Do  we  get  a  shortening  of  the 
exposure  in  proportion  to  the  greater  current  as  compared 
with  that  from  a  coil  ?  Or  again,  given  the  same  screen 
effect,  can  we  get  the  same  result  on  a  plate  for  a  given 
exposure  as  in  the  case  of  a  coil  ?  With  all  the  good 
points  of  these  machines,  the  fact  remains  that  to  these 
questions  onh'  a  negative  answer  can  be  given  ;  and 
machines  of  the  Snook  tj'pe  are  verj-  inefficient  as 
producers  of  useful  X-rays.  In  the  early  days  of  our 
disappointment  we  hid  our  chagrin  bj'  blaming  the 
X-ray  tube,  and  possibly  many  radiologists  continue 
to  do  so.  During  the  years  of  the  war  it  is  true  we 
had  much  to  put  up  with,  but  not  entirely  due  to  faults 
in  the  X-ray  tube  as  such,  or  on  the  part  of  those  who 
made  them  for  us  in  the  face  of  great  difficulties.  My 
own  belief  is  that  the  best  quality  of  X-ray  tube  such 
as  we  had  at  the  outbreak  of  war  is  a  wonderfully 
efficient  and  satisfactory'  implement,  more  sinned  against 
than  sinning,  but  quite  unable  to  show  its  possibilities 
under  existing  conditions  of  use. 

The  chief  object  of  this  Joint  Meeting  is  to  ex- 
plain our  difficulty  to  the  members  of  the  Institution 
of  Electrical  Engineers  and  the  Rontgen  Societ}^inthe  hope 
that  they  may  be  able  to  suggest  a  more  efficient  means 
of  exciting  our  X-ray  tubes.  As  some  of  them  are  not 
practical  radiologists  I  think  it  would  be  as  well  to 
explain  one  or  two  fundamental  matters,  so  that  the)'- 
may  the  better  appreciate  our  requirements.  The 
essential  need  of  the  radiographer  is  a  supply  of  X-rays 
having  a  high  degree  of  actinism  and  with  sufiicient  pene- 
tration to  pass  through  the  thickest  parts  of  the  body 
without  serious  loss  of  this  actinism.  A  "soft"  or 
low-resistance  tube  gives  off  very  actinic  raj's  which 
have  only  a  low  power  of  penetration  ;  we  can  increase 
this  penetration  b)-  raising  the  voltage  of  the  current 
applied  to  the  tube,  but  only  to  a  limited  extent  under 
present  conditions,  as  I  shall  explain  presently.  We 
can  have  more  highly  penetrating  rays  by  using  a  "  hard  " 
or  higher  resistance  tube,  but  this  is  accompanied  by 
an  equal,  or  even  more  rapid,  falling  off  in  the  essential 
property  of  actinism,  and  plates,  made  with  hard  tubes 
are  of  inferior  quality  and  little  diagnostic  value  except 
in  the  case  of  fractures  and  other  of  the  simpler  applica- 
tions of  radiography.  How  then  are  the  prime  require- 
ments of  the  radiographer  to  be  met  ? 

Before  attempting  to  aniswer  this  question  we  should 
first  critically  examine  existing  methods  of  operating 
X-ray  tubes,  and  the  only  two  we  need  consider  are  the 
induction  coil  and  the  high-tension  rectifying  machine 
of  the  Snook  tvpe.     The  large  static  machine  is  out  of 
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the  question,  in  this  climate  at  least,  and  the  high- 
tension  transformer  with  valve  tubes  to  suppress  the 
waves  in  one  direction  met  an  early  death  without 
many  tears  being  shed. 

With  the  aid  of  an  oscilloscope  and  a  rotating  mirror 
some  very  interesting  phenomena  are  presented  for  our 
study.  If  both  terminals  be  connected  in  turn  to  the 
coil  and  transformer  and  a  weak  current  be  passed,  we 
get  more  or  less  characteristic  current  curves  of  each, 
and  the  amount  of  current  being  very  small  the  curves 
are  not  distorted  by  self-induction  or  impedance  to  any 
appreciable  degree.  Only  the  negative  pole  glows,  and 
its  digression  from  the  zero  line  is  in  direct  proportion 
to  the  impressed  voltage.  In  the  mirror  the  coil  shows 
us  a  curve  having  the  general  characteristics  of  Fig.  i, 
while  that  of  the  transformer  is  shown  in  Fig.  2, 
a  rectified  double-sine  curve.  In  the  one  we  have  an 
alternating  current  quite  unsymmetrical  in  both  form 
and  duration  ;  in  the  other  a  series  of  perfectly  regular 
sine  curves,  identical  in  form,  duration  and  sequence. 
The  periodicity  remaining  constant  the  curves  are 
narrower  and  more  numerous  the  more  slowly  the 
mirror  is  rotated  ;  rapid  rotation  widens  them  out 
without  affecting  the  height,  all  this  being  due  to  retinal 
persistence. 


Fig.  I. 


Fig.  2. 


Here  we  have  two  voltage  curves  with  widely  different 
characteristics,  and  practical  experience  has  taught  us 
that  the  first  is  the  more  efficient  for  our  purpose,  up 
to  the  limit  of  its  capacity.  We  get  more  penetration 
and  more  actinism  for  a  given  current,  greater  steadiness, 
less  heating,  and  a  longer  useful  life  for  the  X-ray 
tube.  A  further  point  in  favour  of  the  coil  current  is 
that  it  will  keep  a  tube  working  smoothly  on  a  lower 
reading  of  the  milliammeter.  Every  tube  has  a  certain 
amount  of  inertia  and  requires  a  higher  voltage  to 
start  it  than  to  maintain  it  in  action  ;  the  sudden 
rise  at  the  moment  of  "  break  "  readily  overcomes 
this  inertia. 

The  explanation  of  this  superiority  of  the  coil  over 
that  of  the  transformer  is  a  problem  that  has  puzzled 
many  radiologists — few  more  than  myself.  The  mean 
value  of  the  current  through  the  tube  is  of  no  help 
to  us  in  estimating  efficiency,  and  we  naust  have  more 
detailed   information  as   to  what  actually  takes   place. 

I  think  it  is  generally  agreed  that  penetration  is 
dependent  on  electron  velocity  within  the  tube,  which 
in  turn  is  dependent  on  the  impressed  voltage.  Thus 
it  would  appear  that  the  impression  of  a  sustained 
high  voltage  on  a  tube  in  the  best  condition  to  ensure 
the  greatest  actinism  should  meet  our  every  requirement. 
By  "  sustained  "  I  do  not  mean  "  continuous  "  in  the 
ordinary  acceptance  of  the  term.  For  reasons  which 
will  appear  in  the  course  of  this  paper  my  view  of   the 


ideal  current  is  one  consisting  of  extremely  high-voltage 
impulses,  of  very  brief  duration  as  judged  by  ordinary 
standards,  yet  sufficiently  sustained  to  have  an  ap- 
preciable time  factor.  Such  current  as  would  pass 
through  the  tube  by  virtue  of  those  lower  voltages 
represented  in  the  lower  part  of  the  above  curves  should 
be  suppressed  or  diverted.  If  the  voltage  of  the  initial 
impulse  be  sufficiently  high  and  sustained  for  even  a 
small  fraction  of  a  second,  one  will  be  enough  for  any 
ordinary   purpose  in   radiography. 

This  is  the  problem  to  be  solved,  and,  as  others  may 
be  disposed  to  disagree  with  me,  I  will  now  briefly  relate 
those  observations  and  experiments  that  have  led  me 
to    these    conclusions. 

In  the  days  of  comparatively  feeble  apparatus  we 
were  troubled  with  the  inverse  wave  of  the  coil  current 
as  soon  as  we  began  to  use  as  our  source  of  supply 
the  public  supply  mains  with  their  higher  voltage. 
To  suppress  this  undesirable  element  the  simple  "  point 
and  plate "  spark-gap  in  series  with  the  tube  gave 
excellent  results  so  long  as  the  current  was  insufficient 
to  establish  an  arc.  This  simple  device  gave  us  some 
very  valuable  indications  that  were  for  the  most  part 
ignored,  and  at  the  best  did  not  receive  the  attention 
they  deserved.  Its  action  was  of  course  that  of  a  resist- 
ance gradually  increased  until  all  evidence  of  inv  crse 
current  disappeared  from  the  tube.  Incidentally  it 
also  suppressed  a  corresponding  amount  of  the  current 
in  the  proper  direction  ;  the  two  being  equal  and 
opposite,  the  milliammeter  reading  was  unaffected. 
Notwithstanding  this  elimination  of  a  portion  of  its 
proper  current  the  X-ray  output  of  the  tube  was  also 
unaffected — at  times  I  thought  it  was  actually  improved, 
but  as  I  could  not  reconcile  this  with  prevailing  ideas 
I  hesitated  to  commit  myself  to  any  definite  statement. 
For  all  that,  I  carried  my  observations  a  step  further 
and,  instead  of  leavmg  the  spark-gap  just  sufficiently 
wide  to  eliminate  the  inverse  current,  I  opened  it  still 
further  until  the  milliammeter  reading  began  to  fall 
to  a  quite  definite  amount.  Still  the  X-ray  output 
remained  appreciably  unaffected  as  judged  by  plate 
and  pastille.  Opening  it  still  further,  the  X-ray  out- 
put began  to  fall  off,  but  not  to  the  same  extent  as  would 
be  expected  from  the  diminution  of  current.  Here 
again,  I  thought  I  detected  a  distinct  gain  in  efficiency, 
but  ascribed  it  to  some  vagary  of  the  tube  itself — and 
they  had  many  in  those  days.  At  this  stage  the  spark- 
gap  ceases  to  be  a  satisfactory  instrument — unpleasantly 
noisy  in  the  open,  and  troublesome  from  the  rapid 
formation  of  nitric  fumes  if  enclosed.  The  obvious 
lesson  from  these  observations  is  that  it  is  through  the 
influence  of  the  higher  voltages  alone  that  we  get 
useful  X-rays  from  our  tubes.  Below  a  certain  point 
the  resultant  rays  have  little  or  no  penetration  and  for 
our  purposes  are  worse  than  useless. 

This  being  the  case,  the  question  naturally  arises 
as  to  why  the  coil  is  unable  to  meet  our  requirements, 
considering  the  enormous  voltage  available  at  the 
moment  of  "  break."  If  we  examine  an  oscilloscope 
in  series  with  an  X-ray  tube  strongly  energized  by  a 
coil,  with  the  mirror  rotating  at  moderate  speed  the 
explanation  is  at  once  available.  If  we  consider  -the 
enormous  potential  set  up  b)-  the  coil  when  arranged 
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for  a  rapid  exposure — capable  of  bridging  12  inches  or 
more  of  air — and  the  relatively  low  resistance  of  an 
X-ray  tube  in  the  best  condition  for  radiography, 
the  initial  rush  of  current  must  have  a  very  high  magni- 
tude. The  oscilloscope  proves  this  to  be  the  case, 
but  it  also  shows  that  its  duration  is  extremely  short, 
so  short  indeed  that  rapid  rotation  of  the  mirror  has 
little  if  any  effect  in  opening  it  out  laterally,  and  also 
it  is  extremely  difficult  to  be  sure  of  its  upper  limit 
where  it  tails  off  to  nothing  so  gradually  that  we  cannot 
be  sure  where  the  end  is.  This  is  partly  due  to  the 
self-induction  of  the  secondary,  cutting  off  this  rush  of 
current  almost  simultaneously  with  its  birth.  It  is 
also  due  in  no  small  degree  to  something  inherent  in  the 
X-ray  tube  itself.  Notwithstanding  its  brief  duration 
— its  correct  representation  in  a  diagram  would  be  as 
near  Euclid's  definition  of  a  line  as  anything  I  know  of 
in  nature — it  is  this  impulse  that  makes  the  coil  current 
so  efficient  up  to  the  limit  of  its  capacity.  It  is  the 
absence  of  any  such  high-voltage  impulse  that  keeps 
the  efficiency  of  the  transformer  current  so  low.  For 
the  same  current  through  the  same  tube  the  top  of  the 
transformer  curve  extends  little  more  than  half-way 
to  the  highest  point  of  that  of  the  coil. 

Of  the  total  radiation  from  a  tube  energized  by  a 
coil,  probably  no  more  than  20  per  cent  consists  of  useful 
rays ;  energized  b)-  a  transformer  the  proportion  is 
probably  less  than  10  per  cent.  This  is  of  course  a 
deplorable  state  of  affairs,  which  is  not  made  any  more 
palatable  by  the  knowledge  that  the  efficiency  of  both 
coils  and  transformers  is  lower  than  it  need  be,  for  which 
radiologists  have  only  themselves  to  thank.  I  am 
fully  conscious  of  the  seriousness  of  this  charge,  but  so 
long  as  the  radiologist  takes  milliamperes  as  his  sole 
criterion,  quite  regardless  of  how  they  are  made  up, 
just  so  long  will  the  further  improvement  of  existing 
apparatus  be  dela\'ed.  There  is  no  inducement  for 
the  manufacturer  to  improve  efficiency — he  must  gather 
up  and  use  every  available  fragment  of  current  if  he 
wishes  to  sell  his  apparatus— because  radiologists  as 
a  whole  have  learnt  nothing  from  the  disappointing 
efficiency  of  the  high-tension  transformer.  Yet  improve- 
ment in  efficiency  is  not  only  possible  but  easy,  and 
manufacturers  will  readily  do  this  for  us  if  only  we 
make  reasonable  demands  backed  up  by  knowledge  of 
what  we  really  do  want.  As  an  instance  of  the  present 
state  of  things,  take  the  case  of  a  certain  mercury  break 
CO  which  is  attached  a  mechanical  rectifying  device 
that  has  achieved  some  success,  and  of  which  some 
members  may  have  had  experience.  It  arose  out  of  a 
desire  to  apply  the  principle  of  the  Snook  machine  to 
the  coil,  and  of  course  my  first  impulse  was  to  rectify 
the  inverse  wave  and  pass  it  through  the  tube.  Fortu- 
nately, before  I  got  very  far  with  this  idea  I  recalled  the 
lessons  learned  from  the  spark-gap  and  decided  to 
eliminate  it  altogether ;  but  still  somewhat  obsessed 
as  I  was  at  that  time  with  a  desire  for  more  milliamperes, 
I  arranged  the  rotating  wires  to  pass  fairly  close  to  the 
collecrtors,  giving  the  latter  the  form  of  a  sector.  Even 
then  I  was  criticized  for  not  providing  tinsel  brushes 
on  the  ends  of  the  rotating  wires  to  ensure  good  contact. 
In  vain  did  I  plead  that  I  was  already  picking  up  cur- 
rent of  little  or  no  value,  but  the  Electro-therapeutics 


Section  would  have  none  of  i<r.  Feeling  sure  of  my 
ground,  and  still  following  the  lesson  of  the  spark-gap, 
I  shortened  the  sector  to  a  point  and  finally  altered  it 
to  a  ball.  Then  I  began  to  increase  the  clearance 
between  the  ends  of  the  wires  and  the  balls,  and  every 
alteration  was  followed  by  a  gain  in  efficiency,  steadier 
action,  less  heating,  and  longer  life  of  the  X-ray  tube. 
I  am  not  prepared  to  say  just  how  far  we  might  go  in 
this  direction,  but  it  gradually  becomes  noisy  and 
insulation  difficulties  begin  to  arise.  At  present  I 
know  I  am  sacrificing  a  certain  amount  of  efficiency 
for  the  sake  of  silence,  but  on  the  whole  I  am  well 
content  with  my  coil  set. 

\\'hen  first  brought  out,  this  de\-ice  was  the  subject 
of  a  certain  amount  of  unfavourable  criticism  by  certain 
manufacturers,  who  later  on  did  not  hesitate  to  copy  it, 
and  with  an  unwonted  unanimity  not  one  has  remembered 
to  acknowledge  where  they  first  got  the  idea.  However, 
I  readily  forgave  them  when  I  saw  how  they  had 
carried  it  out.  Here  again  we  see  the  baneful  influence 
of  the  unreasoning  and  unqualified  demand  for  milli- 
amperes. In  a  recent  number  of  the  Archives  there  is 
an  advertisement  in  which  "  actual  contact  on  the 
high-tension  collectors  "  is  put  forward  as  a  special 
feature,  whereas  the  fact  is  that  this  firm  has  gone  to 
no  little  trouble  and  e.xpense  to  lower  the  efficiency  of 
the  outfit  with  which  it  may  be  worked.  This  is, 
however,  not  so  bad  as  the  case  of  another  firm  who, 
in  the  effort  to  "  go  one  better,"  rectify  the  inverse  wave 
and  pass  it  through  the  tube.  So  far  from  being  an 
improvement  it  is  no  more  than  a  complicated  and 
costly  means  of  spoiling  an  otherwise  good  machine. 
This  is  not  the  way  to  improve  efficiency  ;  instead  of 
demanding  more  milliamperes,  let  us  measure  the 
efficiency  of  our  apparatus  by  the  radiological  result 
obtained  from  a  given  number  of  milliampere-seconds 
on  both  plate  and  pastille.  That  is  the  only  thing  that 
matters  to  the  practical  radiologist,  and  to  increase 
this  efficiency  the  manufacturer  will  be  obliged  to  cut 
out  the  lower  half  of  the  coil  curve  and  probably  not 
less  than  80  per  cent  of  the  transformer  curve.  That 
this  radical  departure  from  usual  practice  will  be  followed 
by  a  distinct  gain  in  efficiency  is  not  a  mere  expression 
of  opinion  ;  I  have  tried  it  and  proved  it  to  be  true 
bevond  all  question  of  doubt. 

With  regard  to  machines  of  the  Snook  t}-pe,  I  had 
one  of  these  installed  at  the  West  London  Hospital 
some  years  ago  and  when  delivered  it  was  like  most 
others — disappointing.  It  had  the  original  cross-arms 
of  wood  in  the  rectifying  portion.  After  a  few  months' 
use  I  began  to  shorten  the  collecting  blades  and  after 
each  alteration  there  was  a  gain  in  efficiency.  For 
a  given  adjustment  of  the  primary  circuit  the  reading 
of  the  milliammeter  steadily  declined  with  each  shorten- 
ing of  the  blades  until  the  latter  were  represented  by 
only  a  point.  The  efficiency  at  this  stage  was  at  least 
equivalent  to  that  of  a  coil.  It  should  be  mentioned 
that  though  the  collector  was  but  a  point  the  current 
began  to  pass  before  the  rotating  conductor  reached  it, 
and  continued  to  flow  for  a  corresponding  time  after 
it  had  passed,  so  that  a  not  inconsiderable  portion  of 
the  top  of  the  curve  was  made  use  of.  I  could  not  carry 
on   with   this   as   it   brought   insulation   difficulties   not 
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provided  for  in  the  design,  and  I  had  to  be  content 
with  a  sector  about  one-quarter  of  the  original  length. 
Even  then  the  efficiency  of  the  machine  was  practically- 
doubled,  the  consumption  of  X-ray  tubes  was  reduced 
in  a  most  satisfactory  manner,  and  they  gave  better 
service  while  they  lasted.  Latterly,  after  several  years 
of  hard  work  and  unfavourable  conditions  arising  out  of 
the  war,  it  had  to  be  reconstructed,  as  to  its  moving 
parts  at  least,  and  I  am  sorry  to  confess  I  allowed  myself 
to  be  persuaded  into  having  a  disc  rectifier  instead  of 
the  original  wooden  cross-arms.  The  efficiency  is  now 
back  to  what  it  was,  or  nearly  so.  The  disc  may  be 
sound  for  mechanical  reasons  ;  radiologically  it  is  bad, 
as  at  present  constructed.  Personally  I  prefer  the 
original  arrangement. 

It  may  be  somewhat  of  a  surprise  to  some  that  practi- 
cally all  the  views  I  have  expressed  up  to  this  point, 
and  all  the  experiments  I  have  tried  in  order  to  improve 
the  efficiency  of  X-ray  apparatus,  have  sprung  from 
observations  with  the  oscilloscope  and  rotating  mirror 
made  as  far  back  as  1904.  I  believe  I  was  the  first 
private  individual  in  this  country  to  acquire  an  oscillo- 
scope, and  shortly  afterwards  I  gave  a  demonstration 
at  a  meeting  of  our  parent  society,  The  British  Electro- 
therapeutic  Society.  It  was  my  good  fortune  to 
have  the  co-operation  of  the  late  Dr.  Lewis  Jones,  and 
well  do  I  remember  the  first  evening  we  spent  with  this 
fascinating  instrument.  We  were  frankly  mystified, 
yet  both  felt  that  what  we  had  observed  was  of  great 
importance,  though  at  that  time  we  couM  not  appreciate 
its  full  meaning.  It  was  often  referred  to  in  our  conversa- 
tions during  the  all  too  few  years  he  had  to  live.  On  that 
occasion  we  made  a  note  to  the  effect  that "  the  important 
and  probably  only  essential  part  of  the  impulse  through 
an  X-ray  tube  is  of  extremeU^  brief  duration."  Prob- 
ably few  men  made  more  numerous  intelligent  antici- 
pations than  Dr.  Lewis  Jones  and,  fortunately',  he 
lived  to  see  the  realization  of  many.  Though  we  made 
the  above  observation  together  at  the  same  time  and 
place,  I  want  him  to  have  full  credit  for  it ;  I  believe 
that  our  methods  of  exciting  X-ray  tubes  will  be  pro- 
foundly altered  in  the  immediate  future  on  lines  that 
are  the  direct  outcome  of  this  observation.  I  prefer 
to  picture  to  nayself  the  intense  pleasure  it  would  have 
given  him  to  have  seen  this  through  to  its  consummation, 
in  addition  to  the  ^privilege  I  now  have  of  paying  a 
tribute  to  the  memory  of  one  of  the  most  excellent  of 
men. 

It  will  be  remembered  that  these  were  the  days  of 
small  coils  and  small  tubes  ;  the  mammoth  coils  and 
the  Snook  machine  were  yet  to  come.  When  these  and 
a  host  of  other  new  things  did  come,  together  with 
new  methods  and  new  applications  to  be  worked  at, 
my  oscilloscope  was  forgotten.  It  was  not  until  I  was 
approached  on  the  subject  of  this  meeting  that  I 
dug  it  out  again  and  resumed  investigations  that  should 
have  been  done  years  ago.  It  was  not  without  some 
trepidation  that  I  set  it  up  for  the  first  time  to  examine 
it  in  series  with  an  X-ray  tube  and  Snook  transformer. 
In  view  of  the  wide  difference  in  the  voltage  curves  of 
this  and  the  coil,  and  that  the  high-voltage  impulse 
of  the  latter  at  the  moment  of  "  break  "  might  quite 
well  have  been  the  determining  factor  in  what  we  had 


observed,  I  had  a  great  fear  that  what  I  was  about  to 
see  might  at  least  be  difficult  to  reconcile  with  ideas 
firmly  held  for  many  years,  if  not  refuting  them  altogether. 
There  was  no  need  for  anxiety  as  it  happened,  and 
Figs.  3  and  4  show  the  general  character  of  the  curves, 
if  such  they  may  be  called. 

The  width  of  the  initial  impulse  (a)  is  the  image  of  the 
electrode  and  does  not  indicate  the  proportion  it  bears 
in  time  to  the  whole.  Rapid  rotation  of  the  mirror 
does  not  appreciably  increase  its  width,  while  the  rest 
(6)  of  the  cycle,  consisting  of  useless  low-voltage  curreiit, 
widens  out  in  proportion  to  the  speed.  I  think  we  now 
have  a  complete  e.xplanation  of  the  relative  inefficiency 
of  the  transformer  as  compared  with  the  coil.  The 
initial  impulse  (a)  does  not  reach  so  high  as  in  the  case 
of  the  coil  for  the  same  mean  current  tlirough  the  tube, 
nor  is  it  any  more  sustained.  The  high  reading  of  the 
milliammeter  is  due  almost  entirely  to  part  (b),  which 
also  overheats  our  tubes  and  generally  behaves  as  a 
nuisance.  The  explanation  of  this  unique  phenomenon 
of  the  passage  of  a  high-voltage  current  through  an 
X-ray  tube  I  must  leave  to  the  physicist,  who  I  am 
sure  will  find  it  an  interesting  if  not  a  difficult  problem. 

It  is  now  easy  to  understand  how  efficiency  was  im- 
proved, (i)  by  the  use  of  a  spark-gap,  (2)  by  increasing 


Fig.  3. 


Fig.  4. 


the  resistance  in  the  secondary  circuit  of  my  mechanical 
rectifier,  and  (3)  by  shortening  the  collecting  blades  in 
the  Snook  machine  ;  all  three  being  no  more  than  the 
provision  of  one  or  more  air-gaps  in  the  secondary 
circuit. 

It  should  be  remembered  that  with  the  relatively 
feeble  apparatus  in  general  use  at  the  time  these  original 
observations  were  made  with  the  oscilloscope,  we  were 
obliged  to  use  tubes  in  a  comparatively  "  hard  " 
condition  to  get  the  necessary  penetration.  The  gradual 
improvement  in  the  construction  of  coils  and  trans- 
formers since  then  has  enabled  us  to  use  tubes  of  con- 
siderably lower  resistance,  with  a  steady  improvement 
in  results.  These  "  soft  "  tubes  have  a  lower  initial 
inertia  as  well  and,  as  might  be  expected,  the  oscillo- 
scopic  appearances  are  not  the  same.  The  wave  does 
not  rise  so  abruptly  ;  it  shows  unmistakable  tendency 
to  prolongation,  and  its  fall  is  less  rapid.  Figs.  3  and 
4  were  obtained  with  a  tube  rather  harder  than  is  usual 
under  the  best  conditions,  but  in  the  case  of  this  trans- 
former the  main  supply  is  a  low-voltage  alternating 
one,  the  least  suitable  of  all  for  X-ray  purposes.  These 
altered  appearances  under  modern  conditions  of  working 
in  no  way  conflict  with  my  general  principles  ;  the  oscil- 
loscope merely  confirms  what  we  already  know,  viz. 
that  we  are  "  getting  on." 

It  being  my  firm  opinion  that  the  initial  impfllse  is 
the  only  part  of  the  cycle  that  matters  for  our  purposes, 
this  is  where  we  should  concentrate  our  attention  with 
a  view  to  increasing  its  height — quite  feasible  as  the 
success  already  attained   with  the   "  single  flash  "   coil 
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proves — or  by  prolonging  its  duration,  which  may  be 
more  difficult.  So  far  we  ha\'e  only  partly  succeeded 
in  giving  it  an  appreciable  time  factor.  If  we  could  do 
this,  even  to  the  extent  of  a  very  small  fraction  of 
a  second,  the  problem  would  be  solved  so  far  as 
the  requirements  of  medical  diagnosis  are  concerned. 
Exposures  would  be  similar  to  those  common  to  daylight- 
photography  under  the  most  favourable  conditions, 
and  the  flow  of  current  through  the  tube  would  be  such 
as  to  be  more  conveniently  expressed  in  amperes,  or 
at  least  in  decimals  thereof.  Special  provision  will 
have  to  be  made  for  screen  examination,  but  radiography 
will   be    "  instantaneous." 

Having  come  to  these  views  as  a  result  of  experience, 
experiment,  and  observation,  it  will  readily  be  under- 
stood why  I  am  disposed  to  regard  what  is  known  as  the 
"  single  flash  "  monster  coil  %vith  at  least  a  friendly 
eye.  Nothing  else  is  possible  if  one  is  to  be  consistent. 
I  have  had  no  personal  practical  experience,  for  unfortu- 
nately there  are  very  few  examples  in  this  country, 
but  long  before  I  had  an  opportunity  of  seeing  one 
that  is  in  regular  use  and  the  most  excellent  results 
obtained,  I  had  committed  myself  to  the  opinion  that 
the  system  was  not  only  sound  but  in  all  probability 
would  ultimately  prevail.  Having  seen  and  examined 
the  working  of  the  installation  at  King's  College  Hospital, 
through  the  kindness  of  Dr.  Robert  Knox,  and  the 
extraordinarily  fine  results  regularly  obtained  there, 
the  matter  is,  so  far  as  I  am  concerned  at  least,  no 
longer  one  of  conjecture.  The  apparatus  is  a  revelation 
of  simplicity,  silence,  and  high  efficiency.  Exposures 
are  the  same  for  all  parts,  only  the  intensity  of  the  dis- 
charge being  altered  by  the  primary  resistance  to  meet 
the  varj-ing  thickness  of  the  different  parts  of  the  body. 
The  best  results  are  obtained  with  tubes  of  very  low 
resistance,  giving  most  beautiful  contrast,  a  wealth  of 
detail,  and  absolute  sharpness  of  outline,  even  in  the 
case  of  the  heart,  or  in  the  event  of  movement  on  the 
part  of  the  patient — ^'oluntary  or  otherwise.  As  regards 
the  effect  of  these  intense  discharges  on  the  life  of  the 
X-ray  tube,  this  is  much  less  prejudicial  than  time 
exposures  ;  we  had  already  learned  this  from  experience 
with  the  multi-anode  electrolytic  interrupter.  I  must 
leave  further  details  of  this  system  to  those  who  have 
had  practical  experience  with  it.  It  is  my  firm  convic- 
tion that  the  future  of  radiography  is  bound  up  more 
or  less  inseparably  with  the  "  single  flash  "  system, 
and  manufacturers  would  do  well  to  give  this  matter 
their  very  serious  consideration. 

In  the  course  of  these  comments  by  way  of  opening 
this  discussion  on  behalf  of  the  radiologist  I  have 
not  attempted  to  cover  the  whole  ground,  and  there  are 
aspects  of  the  question  that  must  be  left  to  others  more 
competent  to  deal  with  them.  I  have  indicated  means 
by  which  existing  apparatus  may  be  improved  in 
€fl&ciency,  and  also  the  problems  to  be  faced  in  design- 
ing better  methods  of  exciting  the  X-ray  tube.  In 
advocating  what  is,  in  effect,  a  return  to  the  coil — suit- 
ably modified — in  preference  to  the  transformer  for 
radiography,  I  do  not  mean  to  decry  the  latter.  I  have 
both  admiration  and  respect  for  a  machine  that  has 
served  radiology  so  well,  and  also  for  its  inventor.  In 
conjunction  with  the  Coolidge  tube  there  is  likelj-  to  be 


an  increasing  demand  for  it  in  radio-therapeutics, 
but  I  think  it  should  be  so  modified  as  to  eliminate 
at  least  the  lower  half  or  even  two-thirds  of  the  wave. 
This  alone  will  raise  its  efficiency  to  the  level  of  that  of 
the  coil  as  ordinarily  used,  as  I  have  already  proved, 
while  its  greater  output  will  give  it  corresponding  ad- 
vantages. But  if  the  "  single  flash  "  coil  wiU  do  all 
we  want  in  radiography — and  there  seems  to  be  no  doubt 
on  this  point — I  can  see  no  advantage  for  the  transformer. 
It  is  no  small  matter  to  get  away  from  large  and  rapidly 
rotating  parts  with  their  inherent  liability  to  break 
down,  and  the  constant  noise  and  vibration  inseparable 
from  such  machines  that  are  so  undesirable  in  the 
e.xamination  room  of  hospital  as  well  as  private  practice, 
however  much  they  may  be  minimized  by  careful 
construction.  And,  after  all,  it  is  not  impossible  that 
the  final  and  ideal  apparatus  may  be  quite  different 
from  anything  we  have  at  present,  in  which  perhaps 
resonance  or  harmonics  play  an  important  part ;  but 
this  is  where  I  must  give  place  to  others  conversant 
with  these  intricate  phenomena. 

I  have  been  asked  whether  Eigs.  3  and  4  are  not 
figments  of  the  imagination.  They  are  nothing  of  the 
kind.  They  represent  the  appearance  which  we  get 
if  we  take  a  fairlj^  hard  tube  and  connect  it  to  a  high- 
tension  transfomier.  It  is  due  entirely  to  the  fact  that 
the  resistance  of  the  tube  was  high.  The  entry  of  the 
current  into  the  tube  is  delayed,  and  when  it  does  enter, 
it  enters  suddenly  and  we  get  a  high  impulse  at  first, 
as  we  have  seen.  Remember  that  the  width  of  that 
impulse  is  the  image  of  the  electrode — it  bears  no  pro- 
portion, in  time,  to  the  rest  of  the  phase — and  as  the 
mirror  is  spun  faster  and  faster  that  image  remains 
practically  unaltered. 


In  presenting  his  paper.  Dr.  Morton  said  :  I  cannot 
do  better,  perhaps,  than  state  what  may  be  described  as 
the  text  of  my  discourse. 

Efficient  radiation  from  an  X-ray  tube  depends 
directly  upon  electron  velocity.  Such  electron  velocity 
as  results  from  the  flow  of  an  undulating  current  through 
an  X-ray  tube  is  too  low  to  produce  efficient  radiation. 
The  radiation  efficiency  of  any  current  applied  to  an 
X-ray  tube  will  be  increased  directly  as  the  character 
of  its  inflow  partakes  of  the  element  of  shock. 

Since  sending  in  the  MS.  of  my  paper  I  have  been 
making  some  graphic  records  of  what  actually  takes 
place  with  each  electrical  impulse  through  the  X-ray 
tube  in  terms  of  resultant  radiation.  Eor  this  purpose 
I  made  a  shallow  trough  of  wood,  covering  the  top  with 
sheet  lead,  but  leaving  a  sUt  approximately  0-75  mm. 
wide  across  the  middle.  A  small  frame  that  would 
readily  pass  along  the  trough  under  the  lead  cover  was 
provided  with  a  catch  and  spring  releast ,  the  motive 
power  being  an  elastic  thread.  The  frame  acted  as  a 
film  carrier,  the  strip  of  photograpliic  film  being  en- 
closed in  black  paper.  In  use  the  X-ray  tube  is  centred 
over  the  slit,  the  frame  loaded  with  a  film  and  the 
elastic  in  tension.  All  being  ready  the  tube  is  turned 
on  for  a  second  or  two  while  the  frame  is  released,  carry- 
ing the  film  past  the  slit  at  a  speed  of  about  20  ft.  per 
second,  which  gives  a  convenient  spacing  under  ordinary 
circumstances.     For    testing    efficiency    in    apparatus. 
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X-ray  tubes,  or  photographic  plates  and  films,  this 
simple  expedient  is  most  satisfactory  and  gives  results 
that  are  comparable  with  a  minimum  of  error.  I  made 
it  a  rule  to  develop  all  the  films  exposed  during  a  test 
in  the  same  tank  and  at  the  same  time.  Strips  about 
I  in.  wide  are  convenient  to  handle  and  leave  room  to 
cut  away  parts  that  may  have  been  damaged  during 
manipulation.  In  the  lantern  slides  now  shown,  narrow 
strips  of  these  films  are  bound  up  between  two  cover 
glasses.  These  investigations  have  taught  me  a  great 
deal,  and  were  I  wTiting  my  paper  again  it  would 
be  altered  in  some  details  of  a  minor  character,  but  on 
the  whole  they  tend  to  bear  out  my  ideas  verv 
satisfactorily. 


Fig. 


The  top  film  (Fig.  5)  was  made  under  conditions  as 
neaily  as  possible  the  same  as  when  Dr.  Lewis  Jones 
and  myself  first  used  the  oscilloscope :  10-in.  coil, 
motor  mercury  break,  24  volts,  and  a  Chabaud  tube 
passing  about  o  •  75  miliiampere.  \Mth  a  trifling  allow- 
ance for  diffusion  the  slit  and  its  image  on  the  film  are 
exactly  the  same  width,  and  the  image  is  not  appreciably 
wider  with  the  film  travelling  at  about  double  the  speed 
• — exactly-  ill  keeping  with  our  original  oscilloscopic 
appearances.     As  the  power  of  the  apparatus  uicreases,  a 


second.  It  will  be  noticed  that  the  impulses  are  appreci- 
ably sustained  and  as  a  rule  10  can  be  made  out,  gradu- 
ally diminishing  to  zero.  So  far  as  my  observations 
go,  the  use  of  an  intensifying  screen  does  not  increase 
the  number  of  these  images — it  merely  enhances  the 
visibility  of  those  seen  without  its  use — and  the  same 


t  u..  o. 

second  image  of  the  slit  appears  immediately  after  the 
first  one,  but  much  fainter.  It  remains  practically 
the  same  with  a  higher  film  speed  though  the  width  of 
the  space  increases,  showing  that  there  is  a  definite 
time  factor  here  at  least.  The  second  strip  is  from 
my  owTi  coil  showing  four  images,  more  easily  seen  in 
the  third  where  an  intensifjdng  screen  was  used.  The 
film  speed  was  lower  in  this  instance  and  the  images 
closer  together.  The  fourth  strip  is  the  result  of  one 
interruption  from  the  "  single  flash  "  coil  at  King's 
College  Hospital  which  I  obtained  through  the  kindness 
of  Dr.   Knox.     The  film  speed   was   about   30   ft.    per 


Fig. 


applies   to   chemical   intensification    after   development 
and  fi.xing. 

Fig.  6  shows  the  influence  of  film-speed — that  of  the 
middle  strip  being  almost  exactly  double  that  of  the  other 
two.  The  lowest  one  shows  the  effect  of  the  intensifying 
screen,  and  between  the  low  speed  and  the  fluorescence 
of  the  screen   the  images  ha\'e  run   into  one   another 
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Fig.  8. 

almost  to  the  extent  of  continuity.     The  images  of  the 
slit  do  not  widen  with  the  increase  of  speed. 

As  we  increase  the  distance  between  the  anticathode 
and  the  film  the  images  naturally  get  fainter,  the 
weaker  ones  disappearing  rapidly.  The  upper  pair 
were  from  a  coil,  the  lower  from  a  transformer  (Fig.  7). 


Fig.  9. 

In  all,  the  current  was  12  milliamperes.  The  anti- 
cathode  film  distance  was  5  in.  for  the  first  and  third, 
and  16  in.  for  the  second  and  fourth.  I  happened 
on  a  poor  film  for  these,  but  I  show  them  because  all 
the  conditions  were  the  same  and  are  therefore  com- 
parable. A  soft  tube  was  used — the  resistance  equiva- 
lent to  2i-in.  of  air — for  these,  and  the  same  tube  for 
the  films  shown  in  the  next  slide.  _ 
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The  first  three  strips  are  from  a  tube  excited  by  a 
transformer  at  a  distance  of  13  in.  from  the  film,  the 
current  being  20,  30,  and  40  milliamperes  respectively  ; 
the  last  is  a  co'l  record  (12  milliamperes)  for  comparison 
(Fig.  S).  The  shading  bears  a  direct  relation  to  the 
wav'e-form  and  shows  that  onlj'  the  peak  is  of  any  value 
for  our  purpose.  Increase  of  current  through  the  tube 
does  not  produce  anything  like  a  proportionate  blacken- 
ing of  the  film,  from  wliich  it  appears  that  the  useless 
current  bears  a  rapidly  increasing  proportion  as  the 
total  current  through  the  tube  is  increased.  I  have 
known  for  long  that  we  do  not  get  proportionate 
shortening  of  exposures  with  greater  current  from  the 
transformer  as  we  do  from  the  coil.  These  films  are 
at  least  a  help  in  understanding  this  matter. 

The  last  slide  (Fig.  9)  has  interested  me  very  much. 
The  tube  was  excited  by  a  16-in.  coil  worked  through 
a  sjmchronous  break  from  the  alternating  main — 220 
volts,  50  periods.  I  remember,  when  examining  this 
coil  with  the  oscilloscope  a  few  days  before,  the  unusual 
image  it  gave  in  the  rotating  mirror.  It  is  a  difficult 
thing  to  describe,  but  was  easily  seen  by  those  present. 
About  one-third  of  the  way  from  the  commencement 
there  was  a  fairly  deep  notch  with  convex  sides,  con- 
tinually varj-ing  in  width,  e^en  disappearing  at  times, 
with  the  fluctuations  of  the  speed  of  the  mirror.  I  was 
puzzled  but  had  to  leave  the  matter  for  future  investiga- 
tion. When  I  came  to  examine  these  films  I  saw  what 
I  think  is  the  explanation.  As  I  understand,  these 
coils  have  two  primary  windings,  reversed  to  each 
other  and  each  with  its  own  pair  of  contact  blades  in 
the  interrupter.  The  connections  are  such  that  all  the 
impulses  through  the  primary  are  in  the  same  direction. 
Alternate  impulses  through  the  tube  are  generated  by 
one  primary  winding,  the  intervening  impulses  by  the 
other,  and  this  film  shows  that  the  two  sets  are  far  from 
being  equal.  WTiat  I  saw  in  the  oscilloscope  was  the 
result  of  superimposing  two  dissimilar  sets  of  waves 
which  would  give  an  altered  appearance  with  everv'  degree 
of  departure  from  accurate  registration.  I  venture 
to  say  I  have  found  out  a  feature  of  this  coil  not  known 
or  even  suspected  by  its  maker.  Why  this  great  differ- 
ence in  the  two  sets  of  impulses  ?  Is  it  due  to  the 
relative  positions  of  the  two  primary  windings,  or,  what 
is  perhaps  more  likely,  that  the  "  break  "  in  one  does  not 
take  place  at  the  best  point  of  the  wave  ?  Whatever 
may  be  the  reason  I  mean  to  have  the  weaker  brought 
up  to  the  level  of  the  st:onger — a  reversal  of  trade- 
union  policy — and  thus  eliminate  causes  for  dissatis- 
faction with  the  performance  of  this  X-ray  set.  I  would 
also  draw  attention  to  the  absence  of  secondary  images 
such  as  we  found  when  working  with  direct  current. 
I  think  it  will  be  agreed  that  this  method  of  investiga- 
tion with  the  sUt  and  rapidly  moving  film  has  a  very 
high  value  for  our  purpose,  with  the  added  merit  of 
extreme  simplicity,  and  yet  capable  of  elaboration  into 
one  of  great  accuracy. 

In  addition  to  the  points  I  have  briefly  indicated, 
it  shows  us  that  we  can  get  sustained  impulses  by  in- 
creasing the  size  of  our  coils  ;  it  also  teaches  us,  so  far 
as  these  huge  coils  are  concerned  at  least,  that  we  must 
revise  our  ideas  as  to  the  functions  of  the  condenser. 
Instead  of  being  a  mere  dissipator  of  energy,  it  is  a 
Vol.  .58. 


reservoir,  ?^,(j  ^y  its  oscillations  gives  rise  to  impulses 
through  the  secondary  windmg  and  the  X-ray  tube 
that  result  in  useful  X-rays.  What  I  do  not  like  about 
the  system  is  the  reverse  inapulses  that  must  traverse 
the  tube,  to  its  detriment.  Possibly  these  might  be 
controlled  by  valve  tubes,  but  this  is  a  matter  for  future 
investigation. 

These  films  also  seem  to  support  my  view  that  our 
chief  requirement  for  successful  work  is  a  supply  of 
extremely  high-voltage  impulses  more  or  less  sustained. 
The  higher  efficiency  of  the  coil  up  to  the  limit  of  its 
capacity  is  demonstiated  beyond  all  question ;  and 
almost  with  equal  clearness  are  the  weak  points  of  the 
transformer  brought  out — not  the  least  of  which  is  the 
failure  of  the  voltage  to  rise  with  the  increase  of  current, 
so  that  when  we  increase  the  current  through  the  tube 
we  do  not  get  a  corresponding  increase  of  electron 
velocity. 

I  think  it  of  the  highest  importance  that  we  should 
come  to  some  agreement  as  to  the  real  cause — personally 
I  do  not  feel  competent  to  give  an  authoritative  opinion, 
but  I  believe  it  to  be  partly  due  to  the  self-induction 
and  impedance  of  the  secondary  winding.  I  am  aware 
that  this  counts  for  very  Uttle  in  ordinary  transformers, 
but  there  must  be  a  point  where  it  begins  to  exert  a 
restiaining  influence  on  output,  and  in  the  class  of  trans- 
formers we  are  considering  I  beUeve  we  are  well  past 
that  point.  With  the  necessarily  large  numbee  of  secon- 
dary' turns  this  impedance  asserts  itself  long  before  the 
peak  of  the  wave  is  reached,  especially  when  drawing 
off  a  large  current,  so  that  by  the  time  the  peak  comes 
into  play — the  only  part  of  the  wave  for  which  we  have 
any  use — its  influence  is  severely  discounted.  By 
suppressing  the  lower  three-fourths  of  the  wave  we  intro- 
duce the  necessary  element  of  shock  and  get  that  sudden 
rush  of  current  characteristic  of  the  coil,  without  its 
limitations. 

There  is  another  point  that  may  be  of  even  greater 
importance,  and  one  on  which  I  desire  to  have  the 
opinion  of  physicists.  The  advantage  of  the  sudden 
impression  of  a  high-voltage  impulse  on  the  tube  is 
that  the  initial  rush  of  current  has  to  be  carried  by  a 
Umited  number  of  elections  which  can  do  so  only  by 
^'i^tue  of  a  high  velocity.  The  rest  of  the  electrons  come 
into  action  immediately  afterwards,  and  as  there  are 
plenty  of  them  their  velocity  falls.  With  the  gradual 
rise  of  the  transformer  current  all  the  electrons  are 
brought  into  action  by  the  time  the  peak  of  the  wave 
comes  into  play,  nullifying  its  influence  in  producing 
the  high  electron  velocity  so  necessary  for  our  purpose. 
If  this  theory  is  untenable  I  shall  be  glad  to  be  put 
right,  but  it  appears  to  harmonize  with  many  of  my 
observations.  It  is  in  accordance  with  this  idea  that 
I  am  of  the  opinion  that  a  continuous  current  would  be 
unsuitable,  even  if  we  could  get  it ;  also  that  there  would 
be  no  advantage  in  having  the  impulses  sustained 
beyond  a  very  brief  period — not  unlikely  I  am  wrong 
in  speaking  of  sustained  impulses  at  all  in  this  connection, 
but  at  present  I  cannot  help  feeling  that  they  might  be 
given  a  just  appreciable  time  factor  with  advantage. 
The  interval  between  successive  impulses  need  be  no 
longer  than  sufficient  to  allow  the  electrons  to  come  to 
rest.     Most  coils  and  transformers  give  impulses  at  the 
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rate  of  about  loo  per  second,  but  the  films  I  >ave  shown 
indicate  that  the  interval  is  very  long  compared  witli 
the  period  during  which  useful  radiation  is  taking  place, 
and  a  much  higher  periodicity'  is  permissible  if  it  can 
be  obtained.  I  consider  it  essential,  however,  that  the 
electrons  should  be  at  rest  at  the  moment  the  high- 
voltage  impulse  arri\-es. 

As  to  the  most  desirable  wave-form,  a  sudden  abrupt 
rise  to  an  extremely  high  peak  is  essential  ;  what 
happens  after  is  of  no  consequence  whatever.  It  can 
produce  only  heat  and  useless  radiation.  As  Fig.  8 
shows,  a  gradual  rise  to  the  peak  is  hopelessl}'  inefficient. 

It  being  very  generally  agreed  that  a  high  electron 
velocity  is  essential  for  our  purpose,  we  may  with 
advantage  consider  the  usual  method  of  attaining 
velocity.  Take  the  familiar  instance  of  a  golf  ball ;  no 
golfer  thinks  of  giving  his  ball  velocity  by  means  of  a 
gradually  increasing  pressure — he  gives  it  a  smack  ! 
and  he  well  knows  that  if  the  moment  of  impact  does  not 
sjnichronize  with  what  corresponds  to  the  peak  of  the 
curve  the  result  will  not  be  entirely  satisfactory.  This 
is  one  of  the  reasons  why  I  consider  the  current  should 
not  flow  until  the  voltage  has  risen  to  or  near  its  highest 
point.  The  analogy  may  not  be  a  very  perfect  one — 
few  of  them  are,  and  I  fear  it  recalls  many  painful 
memories — but  it  will  serve.  We  may  carry  it  a  step 
further  :  The  golfer  occasionally  finds  his  ball  almost 
submerged  in  a  pool  of  water,  yet  within  reach.  With 
doubtful  wisdom  he  decides  to  play  it  without  lifting 
under  a  penalty  stroke.  If  you  happen  to  be  one  of  his 
companions  in  the  game  you  will  be  more  interested, 
for  the  moment,  in  what  happens  to  the  water  than  to 
the  ball,  and  place  yourself  accordingly.  I  want  you 
to  do  so  now,  imagining  the  water  to  be  the  electrons 
in  the  X-ray  tube  and  the  head  of  the  club  the  high- 
voltage  impulse.  The  instant  the  club  meets  the  water 
the  first  particles  are  projected  from  the  pool  at  high 
velocity,  but  as  the  club  head  gets  further  in  the  number 
projected  increases  and  the  velocity  falls — in  the  end 
there  is  displacement  of  a  large  quantity  of  water  at  a 
very  low  speed.  Applj-ing  this  analogy  to  the  X-ray 
tube,  it  is  only  the  first  impact  that  gives  us  the  needed 
high  electron  velocity  ;  nothing  is  gained  by  prolonging 
the  impulse  beyond  a  verj'  brief  period,  and  the  sooner 
it  is  cut  off  afterwards  the  better.  It  further  illustrates 
why  I  consider  that  anything  in  the  nature  of  a  con- 
tmuous  current  would  not  suit  us  at  all,  as  the  electrons 
must  be  allowed  to  come  to  rest  between  successive 
impulses.  Such  electron  velocity  as  would  be  produced 
by  the  flow  of  a  continuous  current  at  any  practicable 
voltage  would  be  too  low  to  generate  useful  radiation. 
Just  as  in  the  drive  at  golf,  the  moment  of  impact  is 
the  only  instant  in  the  whole  cycle  that  produces  useful 


result,  and  I  consider  that  investigations  directed 
towards  increasing  the  intensity  and  frequency  of  impact 
are  most  likely  to  lead  to  a  realization  of  our  desires. 
As  to  frequency,  we  may  learn  something  from  the  film 
made  by  the  "  single  flash  "  coil.  "  Single  flash  " 
is  a  misnomer — the  film  shows  the  "  flash  "  to  consist 
of  at  least  lo  impulses,  of  which  any  number  up  to  five 
produce  useful  radiation.  The  duration  of  the  flash 
is  said  to  be  approximately  i/ioo  second,  so  that  a 
frequency  of  i,ooo  per  second  is  quite  feasible  so  far 
as  the  tube  is  concerned.  I  am  now  in  a  position  to 
state  what  I  consider  to  be  the  ideal  current  for  radio- 
logical purposes  :  simply  an  intermittent  current  with 
a  periodicity  of  i,ooo  per  second  at  a  voltage  equivalent 
to  the  first  or  even  the  second  one  of  the  series  that  make 
up  the  "  single  flash  "  I  have  shown.  This  will  give  us 
everything  we  can  possibly  want  for  any  medical  pur- 
pose— at  least  so  far  as  one  can  foresee  at  the  present 
time. 

I  am  quite  prepared  for  disagreement  with  my  views. 
Let  me  say,  howe\'er,  that  they  have  not  been  arrived 
at  hurriedly  ;  they  are  the  outcome  of  years  of  experi- 
ment and  thought  on  the  part  of  one  who  has  no  axe 
to  grind  or  any  particular  fad  to  push  to  extremes, 
other  than  to  advance  the  science  of  radiology.  There- 
fore I  ask  those  who  may  feel  disposed  to  dismiss  my 
ideas  as  absurd  or  fantastic,  first  to  give  them  careful 
consideration  ;  I  believe  they  will  bear  critical  examina- 
tion so  long  as  it  is  free  from  prejudice. 

I  am  quite  alive  to  the  fact  that  my  views  are  rather 
severely  critical  of  transformers  of  the  Snook  type,  but 
I  wish  to  repeat  what  I  have  said  in  my  paper,  that  it 
is  far  from  my  wish  to  decry  this  class  of  machines. 
They  have  served  radiology  well,  and  some  \-ery  fine 
results  have  been  secured  with  their  aid.  The  principles 
underlying  the  system  are  quite  sound,  and  I  believe 
an  almost  ideal  X-ray  generator  could  be  made  on  the 
same  lines.  I  do  not  approve  of  the  way  they  are  at 
present  constructed,  and  I  venture  to  say  that  the 
maker  who  has  the  courage  to  produce  one  designed  in 
harmony  with  the  views  I  have  expressed,  will  scoi'e  a 
triumph.  Since  first  using  one  my  desire  has  been  to 
improve  them,  and  never  more  so  than  at  the  present 
time  ;  I  regret  to  say,  however,  that  I  have  found  the 
majority  of  makers  of  X-ray  apparatus  reluctant  to 
profit  by  the  experience  of  those  whose  business  it  is 
to  use  these  machines  for  the  purpose  for  which  they 
are  intended.  The  science  of  radiology  is  still  in  the 
stage  of  development,  and  the  time  is  not  yet  for  con- 
servatism or  standardization. 


[The    discussion    on    this    paper   will    be    found    on 
page  73 2. J 
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By  Major  C.  E.  S.  Phillips,  O.B.E. 

{Paper  received  24  Januarv,  i9-!o.  and  read  at  a  Joint  Meeting  of  The  Institution,  The  Royal  Society  of  Medicine 
(Electro-Therapectics  Section),  and  The  Rontgen  Society,  26  February,  1920.) 


The  velocity  and  quantity  of  the  electrons  in  an 
X-rav  bulb  are  the  principal  factors  controlling  the  design 
of  electrical  apparatus  required  for  radiography  in  all 
its   numerous   branches. 

Since  the  potential  difference  between  the  electrodes 
of  the  tube  determines  the  speed  of  the  electron  and 
therefore  the  quality  of  the  X-radiation  produced,  the 
electrical  problem  resoh-es  itself  mainly  into  one  of 
engineering. 

The  potential  difflrence  necessary  is,  however,  excep- 
tionally high,  and  the  machines  and  appliances  require 
to  be  specially  designed. 

Medical  experience,  for  example,  points  to  the  need 
of  an  electron  speed  such  that  the  resulting  X-rays 
shall  be  as  penetratmg  as  the  7-rays  from  RaC.  But 
even  wth  a  difference  of  potential  of  170,000  volts 
between  the  electrodes  of  the  tube  we  can  only  get 
a  ray  about  half  as  penetrating  as  this. 

Unfortunately  the  wave-length  of  the  most  pene- 
trating j'-rays  from  radium  turns  out  to  be  shorter  than 
was  originally  anticipated,  and  recent  experiments  go 
to  show  that  the  minimum  potential  difference  re- 
quired to  produce  a  similar  ray  from  an  X-ray  bulb 
would  be  600,000  volts.  Even  this  figure  can  only  be 
approximately  hinted  at  ;  it  may  actually  prove  to  be 
nearer  2,000,000  volts. 

Possibly  the  great  electrical  difficulties  thus  fore- 
shadowed may  hearten  the  shareholders  of  radium 
companies,  but  it  is  nevertheless  a  disappointment 
to  radiologists  to  find  that  the  prospect  of  producing 
such  a  radiation  is  still  far  off.  In  addition  to  the 
requirements  of  medical  practice  there  are  other  calls 
for  highly  penetrating  raj-s  ;  metallurgists  are  asking 
for  a  machine  that  will  give  300,000  volts.  For  instan- 
taneous radiography  in  medical  institutes  large  currents 
are  also  needed  at  these  high  voltages,  so  that  the 
demand  in  this  respect  is,  in  fact,  always  ahead  of  the 
supply.  In  some  cases,  the  power  put  into  the  tube 
itself  has  exceeded  14  kw.,  or  nearly  20  horse-power. 

This  represents  one  end  of  the  scale.  On  the  other 
band  there  is  the  radiography  of  wood  and  a  wide  range 
of  other  uses  necessitating  only  moderate  electrical 
plant.  There  are  also  the  needs  of  the  Army  and 
Navy,  as  well  as  many  special  applications,  and  it 
therefore  becomes  a  question  whether  one  type  of 
apparatus  can  best  fulfil  all  these  requirements.  It  is,  in 
fact,  a  large  subject  and  difficult  to  generalize  upon. 
In  some  cases  the  highest  power  is  needed,  and  weight 
and  portability  are  comparatively  unimportant,  whereas 
in  other  applications  portability  is  the  chief  desideratum. 

So  far,  the  principle  of  electrical  induction  provides 
the  most  practical,  way  of  producing  the  high-tension 


electricity  for  X-ray  work,  but  let  us  not  be  neglectful 
of  other  possible  means.  If  we  now  look  mainly  to 
electrical  engineers  to  solve  the  difficulties  connected 
with  the  large-scale  production  of  electricity  for  this 
purpose,  there  is  still  much  left  for  the  physicist  to  do 
in  trying  to  improve  still  further  the  X-ray  tube  itself. 
We  must  find  some  new  plan  whereby  the  energy  sup- 
plied to  the  tube  will  reappear  as  X-radiation  rather 
than  as  heat  radiation.  At  present  the  tube  is  the 
most  inefficient  part  of  a  modern  high-power  outfit. 

Whatever  differences  of  opinion  the  discussion  may 
bring  out  as  to  the  merits  of  this  or  that  scheme  of  work, 
it  is  clear  we  shall  agree  at  least  that  all  present-day 
methods  are  complicated,  and  usually  wasteful.  \\"e 
shall  also  probably  agree  that  for  work  requiring  a  large 
expenditure  of  energy  the  alternating-current  trans- 
former meets  the  case  better  than  any  other  apparatus 
so  far  devised. 

One  outstanding  feature  of  the  induction  coil,  how- 
ever, is  the  suddenness  of  the  rise  of  secondary  potential 
to  a  sharp  maximum  when  the  primary  current  is 
broken.  This  gives  less  heat  in  the  tube  and  is  a  great 
advantage  over  the  more  rounded  peak  of  the  secondary 
potential  curve  obtained  with  an  alternating-current 
transformer.  I  shall  refer  again  to  this  later  on  and 
venture  to  suggest  a  plan  by  which  the  transformer 
may  be  persuaded  to  imitate  the  coil  in  this  respect. 
But  first  I  should  like  to  refer  briefly  to  coil  design. 

The  induction  coil  has  much  to  recommend  it.  The 
simplicity  and  absence  of  moving  parts  are  great  advan- 
tages. In  reality  the  interrupter  is  the  "  fly  in  the 
ointment"  here,  for  therein  lies  our  principal  limita- 
tion, and  our  troubles  are  divided  between  it  and  the 
condenser.  Curiously  the  shape  of  the  condenser  is 
of  importance,  for  of  two  condensers  with  the  same 
capacity  the  one  having  long  narrow  leaves  is  not  so 
effective  as  one  in  which  the  leaves  are  nearly  square. 
I  do  not  remember  to  have  seen  this  question  referred 
to  previously,  and  it  will  be  interesting  to  know  what 
has  been  the  experience  of  others. 

It  must  be  borne  in  mind  that  electricity  supply  is 
not  universally  on  the  alternating-current  system,  and 
an  a.c.  generator  is  an  expensive  addition  to  an  already 
costl^f  outfit.  For  smaller  installations  the  coil  will  hold 
its  own  for  a  long  while  yet,  I  think,  and  attention  should 
be  given  to  its  design,  and  especially  to  the  question  of 
the  improvement  of  interrupters.  One  of  the  causes 
of  coil  breakdown  during  the  war  was  fracture  of  the 
wax  during  transport.  It  is  suggested  that  a  fairly 
thin  oil  could  be  used  as  an  insulator,  thin  enough  to 
draw  off  before  transport,  and  it  should  be  possible  to 
replace    the    oil    without    creating    air    cavities.     The 
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secondary  could  be  wound  with  No.  36  aluminium  wire 
and  thus  save  one-third  of  the  weight  of  copper.  An 
improvement  from  an  Army  point  of  view  could  also  be 
efifected  by  using  a  removable  core.  A  coil  so  designed 
would  be  extremely  portable  on  account  of  the  distribu- 
tion of  weight.  From  what  has  been  seen  of  captured 
German  X-ray  apparatus  used  during  the  war,  it  appears 
that  the  question  of  dividing  the  several  sections  of 
the  outfit,  so  that  many  small  transport  cases  are  used 
instead  of  a  few  very  large  and  heavy  ones,  has  received 
careful  attention.  If  aluminium  wire  is  used  there  is 
no  need  to  increase  its  thickness  owing  to  inferior 
electrical  conductivity  as  compared  with  copper,  because 
the  current-carrying  capacity  of  No.  36  copper  wire 
is  already  well  in  excess  of  what  is  actually  required. 
It  would  seem,  in  fact,  desirable  to  use  more  turns  of  a 
thinner  gauge  so  as  to  obtain  a  liigher  potential  differ- 
ence at  the  secondary  terminals,  but  experience  shows 
that  for  some  unknown  reason  No.  36  is  the  best  size. 

The  weakest  point  of  a  coil  outfit  is  undoubtedly 
the  condenser.  Since  the  end  of  the  war  dozens  of 
coils  have  been  returned  from  France  quite  sound  in  all 
other  respects.  I  would  suggest  that  an  alternative 
path  should  always  be  provided  to  carry  off  any 
excessive  surges  of  current  into  the  condenser.  Recent 
experiments  in  this  direction  at  the  War  Office  X-ray 
laboratory  have  shown  that  a  condenser,  while  in  use, 
may  be  short-circuited  through  a  water  resistance 
(3  inches  of  tap  water  using  fine  copper  wires  just 
dipped  below  the  surface)  with  only  a  reduction  of 
20  per  cent  of  the  coil  output.  \Mien  an  oscilloscope 
tube  replaced  the  water,  no  appreciable  loss  of  output 
was  noticed,  although  the  vacuum  tube  lighted  up 
brightly.  Its  life  was  short.  Finally,  three  i5-c.p. 
250-volt  carbon-filament  lamps  in  series  joined  across 
the  condenser  terminals  proved  quite  satisfactory. 

The  filaments  glowed  a  dull  red,  and  irregular  surges 
of  current  were  indicated  by  momentary  brightening 
of  the  lamps,  but  there  was  no  appreciable  reduction  of 
coil  output  and  the  plan  will,  I  hope,  reduce  condenser 
breakdown  in  future  to  a  minimum. 

Now  the  value  of  the  interrupted  current  that  may  be 
safely  used  with  a  coil  is  limited  owing  to  the  flare 
when  the  primary  current  is  broken.  Interrupters  are 
frequently  imperfectly  designed  and  constructed.  Ex- 
periments with  tantalum  blades  are  required,  for  in 
tests  already  niade  there  is  indication  that  flare  can  by 
this  means  be  reduced.  It  is  interesting  to  notice  that, 
although  tantalum  is  not  "  wetted  "  by  mercury,  it 
nevertheless  gives  a  perfect  contact.  The  arc  at  break 
occurs  in  that  case  between  the  practically  non-vapor- 
izable  tantalum  and  the  mercury,  and  the  speed  of  the 
motor  assists  in  giving  a  sharper  interruption  of 
the  circuit.  In  other  cases  the  lugh  surface  tension  of 
the  mercury  determines  the  suddenness  of  the  rupture. 

The  behaviour  of  an  interrupter  may  be  conveniently 
studied  by  screwing  a  cup-shaped  vessel  into  the  body 
of  the  apparatus  and  stretcliing  over  its  wide  mouth  a 
small  sheet  of  thin  rubber.  The  pulsations  of  this  for 
variable  gas  pressure  -within  can  be  communicated  to 
a  suitably  light  lever  system  and  records  taken  upon 
a  revolving  drum.  Experiments  at  the  War  Office 
X-ray  laboratory  show  that  undue  flaring   is   immedi- 


ately detected  by  this  means,  and  comparisons  may 
readily  be  made.  Absence  of  flare  is  also  necessary  to 
ensure  the  efficient  action  of  the  mechanical  rectifier. 
An  attempt  is  being  made  to  design  an  interrupter  that 
will  break  20  amperes  quietly  and  continually  without 
overheating.  I  wish  to  emphasize  the  importance  of 
accuracy  in  the  construction  of  interrupters  and  to 
direct  attention  to  the  need  of  careful  alignment  of  all 
symmetrical  parts.  It  may  also  be  appropriate  to  refer 
briefly  to  the  constant  high-tension  machines  made  by 
Messrs.  Evershed  and  Vignoles  and  to  see  what  prospect 
there  is  of  utilizing  them  for  the  generation  of  X-rays. 

The  maximum  potential  difference  obtained  so  far 
with  any  one  small  machine  is  2,500  volts,  and  the  usual 
practice  consists  in  linking  up  three  machines  in  series, 
each  to  give  1,800  volts.  Thus  a  set  for  laboratory  use 
gives  about  5,000  volts,  the  potential  difference  being 
directly  proportional  to  the  speed.  An  output  of  15 
mUliamperes  can  be  obtained  in  this  way,  but  insulation 
difficulties  at  higher  potentials  seem  to  exclude  the 
possibility  of  developing  this  plan  for  X-ray  work. 

Passing  over  the  question  of  measuring  instruments, 
I  come  finall)'  to  some  notes  upon  the  transformer.  Most 
of  the  discussion  tliat  is  to  follow  will  probably  centre 
mainly  around  this  means  of  supplying  the  X-ray  tube 
with  energy  on  a  large  scale.  The  design  of  trans- 
formers has  reached  a  high  degree  of  perfection.  Their 
electrical  efficiency-  is  remarkable,  but  where  very  high- 
tension  work  is  concerned  (such  as  in  X-ray  technique) 
and  a  rectifying  disc  is  spun  by  a  synchronous  motor, 
the  weak  spot  of  the  installation  practically  always 
seems  to  be  the  insufficient  guarding  of  the  armature 
windings  from  induced  surges  of  current.  But  with  the 
rectifier  out  of  action  the  plant  is  useless,  and  it  is  hoped 
that  this  vital  point  will  receive  attention  during  the 
discussion.  Eartliing  through  a  condenser,  or  other 
means  of  assisting  the  insulation  of  the  armature  to 
withstand  the  strain  put  upon  it,  is  essential.  The 
reliability  of  this  type  of  apparatus  in  skilled  hands  is, 
however,  remarkable.  I  know  of  one  institution  where 
over  60,000  radiographs  have  been  taken  during  the 
war  with  a  large  outfit,  and  the  apparatus  is  still  in 
perfect  working  order  in  spite  of  the  fact  that  about 
40  milliamperes  were  used  for  each  exposure. 

One  serious  objection  to  the  transformer  arises, 
however,  from  the  form  of  the  secondarj-  P.D.  wave. 
The  behaviour  of  an  X-ray  tube  appears  to  show 
that  the  electrons  are  not  instantly  fired  out  from  the 
cathode  on  the  application  of  the  potential  difference 
to  the  electrodes.  Where  a  coil  is  used,  the  potential 
difference  rises  so  rapidly  to  a  maximum  that  there  is 
not  much  time  for  the  electrons  to  be  shot  out  before 
such  a  potential  gradient  is  created  that  their  speed  is 
high  and  their  number  considerable.  The  slower  rise 
and  fall  as  indicated  by  the  shape  of  the  transformer 
P.D.  curve  give  time  for  electrons  to  be  ejected  at  speeds 
too  low  for  useful  X-ray  work,  and  thus  the  target  is 
heated  by  impacts  that  merely  waste  their  energy 
in  heat. 

It  is  generally  agreed  that  a  steeper  P.D.  wave  is 
required  with  transformers,  and  I  venture  to  suggest 
a  plan  whereby  this  may  be  obtained  for  any  given 
installation.     In  1895,  and  about  .six  months  before  the 
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discovery  of  X-rays,  Messrs.  Barr,  Beeton  and  Taylor 
published  a  paper  in  the  Electrician*  dealing  with  the 
question  of  changing  the  shape  of  alternator  wave- 
forms. They  keyed  to  their  experimental  alternator 
a  special  commutator  called  by  them  an  "  injector," 
by  means  of  which  inductance  or  capacity',  or  both, 
could  be  introduced  into  the  circuit  at  regular  intervals. 
In  this  way  remarkable  distortion  of  the  original  wave- 
forms was  obtained  without  sparking. 

In  191 1  another  experimenter  constructed  an  alter- 
nator that  gave  a  sharp  peak  on  one  side  of  the  zero 
line  and  a  suppressed  loop  on  the  other.  It  was  found 
to  work  well.  But  in  actual  practice  the  power  has 
almost  invariably  to  be  taken  from  a  main  supply  and 
we  have  to  make  the  best  of  the  wave-form  given  by  the 

•  EUdrician,  ci  June,  1895,  p.  257. 


generating  station.  This  is  governed  by  several  factors, 
the  shape  of  the  pole  pieces  in  the  alternator,  the  arrange- 
ment of  the  armature  coils,  etc.,  but  it  is  never  an 
accurate  sine  wave  and  generally  rises  first  quickly, 
then  tends  to  flatten  a  little,  and  finally  rises  more 
rapidly  to  a  rounded  peak  and  falls  sj'mmetrically.  It 
is  therefore  suggested  that  this  wave  be  distorted 
synchronously  by  keying  an  "  injector  "  to  a  small 
synchronous  motor  and  connecting  it  in  series  with  the 
main  supply  and  the  transformer.  In  this  way  a  wave- 
form could  be  obtained  which  would  render  the  rectify- 
ing disc  unnecessary.  The  installation  would  not  only 
be  less  costly,  but  weigh  less,  occupy  less  space,  and  be 
highly  efficient  for  the  requirements  of  X-ray  technique. 

[The   discussion    on   this    paper  will    be    found   on 
page  732.] 
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There  are  probably  very  few  scientific  instruments 
on  which  so  little  systematic  research  work  has  been 
accompUshed  as  the  subject  of  this  paper.  We  have  not 
yet  even  reached  a  satisfactory  classification  as  regards 
either  output  or  efficiency.  As  regards  induction  coils, 
which  are  of  course  a  definite  type  of  high-tension 
transformer,  we  have  these  as  a  rule  merely  catalogued 
by  spark  length  and  occasionally  advertised  as 
"  Intensified,"  a  wonderful  phrase  suggesting  that 
the  instrument  has  been  accorded  some  special 
treatment  which   mysteriously  increases   its   output. 

In  the  case  of  an  induction  coil  especially  it  may  be 
admitted  at  once  that  the  problem  is  a  difficult  one. 
We  are  dealing,  not  with  a  continuous  output,  or  even 
a  sinusoidal  wave,  but  with  a  succession  of  "  peaked  " 
oscillations  of  varying  wave-form  and  varjdng  period- 
icity, interspersed  with  an  "  inverse  "  discharge  which 
must  be  eliminated,  and  in  the  elimination  of  wliich 
some  of  the  useful  output  is  bound  to  be  similarly 
absorbed. 

An  advance  upon  the  spark-gap  method  of  measure- 
ment has  undoubtedly  been  taken  by  stating  how  many 
niilliamperes  a  certain  coil  will  pass  through  an  X-ray 
tube  of  a  given  alternative  spark-gap,  but  this  classifica- 
tion is  stiU  anything  but  satisfactory-.  It  is  quite  certain 
that,  not  only  does  an  ordinary  moving  coil  milli- 
ammeter  not  measure  either  the  peak  value  of  the  dis- 
charge or  what  is  known  as  the  "  root  mean  square 
value,"  but  the  reading  indicated  may  vary  with  different 
types  of  mUhammeters  and  also  with  induction 
coils  of  varying  wave-form,  interrupters  of  different 
patterns,  etc. 

Our  science  v\ill  never  rest  upon  a  sure  foundation 
until  we  can  accurately  rate  both  an  induction  coil 
and  a  closed  circuit  high-tension  transformer  in  terms 
of  their  value  to  the  radiologist,  just  as  we  can  give  a 
galvanometer  a  definite  "figure  of  merit"  or  ascribe 
a  certain  "  numerical  aperture "  to  a  microscope 
objective. 

In  approaching  the  problem,  it  is  both  an  advantage 
and  a  disadvantage  that  "  efficiency,"  as  understood 
by  an  electrical  engineer,  matters  little  or  nothing. 
I  have  never  yet  met  the  radiographer  who  cared  in  the 
verj^  least  about  his  electric  current  consumption,  as 
the  factor  is  a  neghgible  one  compared  with  economy 
of  time,  tubes,  plates,  etc.  This,  as  I  have  said,  is 
in  one  sense  a  drawback,  as  it  renders  any  figures 
based  upon  "  input  "  absolutely  valueless,  the  least 
efficient  instrument  from  an  electrical  standpoint  being 
possibly  the  most  valuable  from  that  of  the  radiologist. 
The  present  very  humiliating  position  is  that  we  know 
next  to  nothing  of  the  whole  subject.     We  do  not  yet 


know,  for  example,  whether  a  succession  of  high-peaked 
waves  is  better  or  worse  than  a  smaller  number  of 
oscillations  longer  maintained  ;  neither  do  we  know  as 
yet  whether  the  tops  of  the  peaks  only  are  of  value, 
or  whether  outputs  of  lower  potential  play  their  parts 
as  well,  possibly  in  bringing  out  details  of  the  softer 
tissues  of  the  body. 

In  the  case  of  an  induction  coil,  I  am  not  convinced 
that  we  have,  as  yet,  any  means  of  ascertaining  what  the 
peak  value  of  our  discharge  really  is,  as  it  is  quite  certain 
that  the  point  of  highest  potential  is  only  maintained 

j  for  an  exceedingly  short  interval  of  time,  and  it  is, 
I  think,  a  ver],-  doubtful  point  whether  any  recording 
instrument  at  present  available  will  reallj-  measure  it. 
There  seems  eveiy  indication  that  the  wave-form  most 
suitable  for  radiography  is  not  equallj-  so  for  therapy. 
If  tliis  be  the  case,  the  question  arises  as  to  whether 
one  instrument  can  be  made  from  which  outputs  of 
sufficient!}'  variable  wave-form  can  be  produced  at 
will,  or  whether  two  instruments,  one  for  radiography 
and  one  for  therapy,  are  necessary  ;  or  even  whether 
the  same  type  of  discharge  is  always  suitable  even 
for,  say,  radiography  alone.  Do  we,  for  example,  want 
the  same  wave-form  (apart  from  questions  of  mUli- 
amperes  and  potential)  for  the  radiography  of  (i)  a 
hand,  (2)  a  bismuth  meal.  (3)  a  section  of  steel  ?  If 
not,  what  variations  in  wave-form  are  required,  and  can 
they  be  obtained  from  the  same  instrument,  and  by  what 
means  ?  These  are  questions  on  which  the  manu- 
facturer has  at  present  no  definite  information  on  which 
to  work,  and  our  ignorance  of  what  is  really  required 
is  at  present  a  bigger  obstacle  to  progress  than  the 
corresponding  problem  of  how  to  obtain  it. 

I  have  no  ready-made  solution  to  offer,  but  I  would 
suggest  that  the  time  is  now  ripe  for  a  definite  move 
forward,  and  that  radiologists,  electrical  engineers,  and 
physicists  should,  so  t^o  speak,  come  into  partnership 
in  the  attempt  to  solve  a  verj'  baffling  problem,  and 
I  would  further  suggest  that  the  British  Scientific 
Instrument  Research  Association  is  the  proper  bod}' 
to  co-ordinate  and  direct  the  work  of  the  three  so  as 
to  produce  reliable  results. 

In  the  case  of  the  so-called  high-tension  transformer 
— and  I  think  it  would  be  well  if  the  term  were  by 
consent  not  applied  to  the  piece  of  apparatus  known 

I  as  an  induction  coil — the  problem  is  a  simpler  one, 
as  we  are  at  all  events  dealing  with  a  curve  of  sinusoidal 
character,  somewhat  modified  and  even  distorted,  it  is 
true,  but  still  essentially  sinusoidal. 

I  In  the  original  interrupterless  machine  as  introduced 
by  Snook,  we  had  in  fact  a  real   sinusoidal  curve  with 

I   ever}'  alternate  wave  inverted  as  shown  in  Fig.  i.     In 
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the  modem  machine,  however,  the  curve  has  been 
somewhat  modified  and  is  no  longer  strictly  sinusoidal 
or  even  s\Tnmetrical,  but  may  be  represented  as  in  Fig.  2. 
It  is  fairly  certain  that  the  direct  measurement  of 
such  a  current  by  means  of  an  ordinar\'  moN-ing-coil 
miUiammeter  is  both  more  correct  and  more  consistent 
than  is  the  irregular  discharge  from  an  induction  coil, 
where  the  wave-form  tends  to  varj-  with  the  condition 
of  the  interrupter,  the  adjustment  of  the  contacts,  and 
various  other  causes. 

It  is  a  matter  of  common  knowledge  that  the  conditions 


as  the  basis  on  which  to  work,  and  that  an  attempt  be 
made  to  classify  induction  coils  according  to  their 
effective  outputs  for  the  purpose  of  the  radiologists 
and  compared  with  a  transformer  of  standard  size 
and  efficiency. 

Assuming,  therefore,  that  this  suggestion  is  accepted, 
how  should  a  transformer  be  rated  ?  Before  deciding 
this,  it  must  be  borne  in  mind  that  what  to  an  electrical 
engineer  is  a  big  overload  is  to  the  manufacturer  of 
X-ray  apparatus  a  normal  condition,  as  in  X-ray  work 
machines  are  in  practice  only  used  to  their  full  output 


Fig. 


of  work  with  an  interrupterless  machine  can  be  more 
exactly  reproduced  from  daj'  to  day  than  is  the  case 
with  an  induction  coil,  and  equally  certain,  I  think,  that 
the  readings  of  the  miUiammeter  are  more  reliable  ; 
though  again  it  is  a  matter  of  common  knowledge  that 
a  miUiamjjere  from  an  average  coil  is  more  effective 
from  a  radiological  point  of  view  than  one  from  an 
interrupterless  machine,  probably,  I  think,  because  in 
the  former  case  the  real  current  is  much  more  than  the 
instrument  indicates. 

A   closed-circuit   transformer    also   adapts    itself    far 


for  a  fraction  of  a  second  at  a  time.  An  overload 
rating  is  therefore,  I  think,  perfectly  justifiable,  and  our 
earlier  machines  were  so  rated  by  about  100  per  cent ; 
but  when  a  machine  was  put  on  the  market  by  an 
enterprising  foreign  firm  rated  at  an  overload  of  well 
over  i,ooo  per  cent,  I  felt  that  the  position  was  getting 
ridiculous,  and  I  notice  that  now  practically  every 
responsible  firm  refrains  from  mentioning  outputs  in 
kilowatts  at  all. 

It     is,     however,     essentially     a     question     for     an 
authoritative    decision,    and    I   think    that   the    joint 


better  to  the  indirect  measurement  of  its  output  than 
;does  the  induction  coU,  for  the  simple  reason  that  its 
electrical  efficiency  is  far  higher  and  more  easily 
computed.  This  question  of  efficiency,  as  I  have 
pointed  out  before,  is  absolutely  unimportant  in  one 
sense,  but  if  it  can  be  ascertained — and  in  the  case  of  an 
alternating-current  transformer  this  can  be  done  with 
fair  accuracy — it  assists  enormously  in  calculating  the 
secondary-  output. 

I   should   be  inclined  to  suggest,   therefore,   that  an 
alternating-current   high-tension   transformer  be  taken 


societies  here  represented  might  well  pronounce  their 
opinion  as  to  what  extent  overload  may  be  allowed  in 
estimating  outputs  of  what  are  known  as  "  interrupter- 
less "  machines.  Reverting  to  the  question  of  wave- 
form, manufacturers  still  want  to  know  just  what 
is  required,  and  so  far  we  have  not  been  enlightened. 
For  example,  we  are  told  one  day  that  "  peaked  " 
waves  are  what  is  required,  while  the  next  day  we  are 
confronted  with  a  demand  for  auto-transformer  control, 
the  efEect  of  which,  as  ever\-  electrical  engineer  knows,  is 
in  most  cases  to  flatten  the  wave-tops  as  compared  with 
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a  transformer  controlled  by  an  ohmic  resistance. 
Auto-control  undoubtedly  has  great  advantages  when 
working  with  a  Coolidge  tube,  but  we  shall  not  get  so 
peaked  a  wave  ;   which  do  medical  practitioners  want  ? 

There  is  one  more  point  I  should  like  to  raise  in 
connection  with  both  induction  coils  and  high-tension 
transformers,  and  that  is  the  question  of  security  against 
breakdown.  It  must  be  admitted  that  the  "  life " 
of  one  of  these  instruments  is  far  less  than  it  was  ten 
or  even  five  years  ago,  and  few  of  the  equipments  being 
turned  out  to-daj-  will  permanentl)'  withstand  the 
strain  of  modern  conditions.  The  continual  use  of  a 
coil  for  "  deep  therapy "  is  undoubtedly  the  most 
prolific  cause  of  breakdown  at  the  present  time,  and 
has  raised  problems  which  have  given  manufacturers  a 
good  deal  of  anxious  thought. 

If  one  considers  that  an  output  of,  say,  3  milliamperes 
at  a  i2-in.  spark-gap  from  an  instrument  capable  of 
giving,  say,  100  milliamperes,  means  that  it  is  kept  at 
a  liigh  potential  on  practicall}'  open  circuit  for  long 
periods  at  a  time,  one  will  realize  at  once  the  problem 
that  we  are  up  against.  Examining  the  exposed  end 
of  a  secondary  winding  in  this  condition,  we  can  see  that 
it  is  in  a  constant  state  of  effluve  and  that  the  discharge 
is  literally  spitting  away  in  all  directions. 

It  is  impossible  to  look  at  this  effluve  without 
feeling  that  sooner  or  later  the  insulation  is  bound  to 
go,  and  go  it  invariably  does  if  the  strain  is  continued 


long  enough.  Just  now  the  position  is  made  worse  by 
faulty  material :  wax  that  is  not  wax,  paper  that  is  not 
paper,  and  copper  wire  that  is  not  up  to  pre-war 
.standard  does  not  help  the  situation,  but  in  any  case 
I  am  convinced  that  a  coil  or  transformer,  constructed 
to  give  a  heavy  output  for  radiographic  work,  and  with 
dry  insulation,  cannot  be  continually  used  for  deep 
therapy  without  the  risk  of  trouble. 

Various  devices  can  be  used  to  safeguard  more  or  less 
the  end  windings,  but  the  only  real  remedies  are  two  : 
either  we  must  wind  an  instrument  for  deep  therapy 
alone,  or  we  must  adopt  oil  insulation.  The  former 
course  entails  the  radiologist  installing  two  pieces  of 
apparatus,  viz.  one  for  therapy  and  one  for  radio- 
graphy. The  latter  will  do  all  the  work  with  one, 
but  will  be  heavier,  larger,  more  difficult  to  transport 
and  more  expensive. 

Again  we  should  like  guidance  from  our  medical 
friends  ;  shall  we  concentrate  on  oil  insulation  or  would 
they  prefer  two  separate  instruments  ?  In  answering 
this  question  the  problem  referred  to  before  as  to 
whether  the  same  wave-form  is  needed  for  both 
purposes  must  not  be  overlooked.  These  are  definite 
problems,  and  I  have  ventured  to  put  them  forward,  as 
their  solution  or  partial  solution  will  do  much  to  place 
the  industry  upon  a  more  satisfactory  footing  than  it 
is  at  present,  and  I  commend  them  therefore  for  the 
consideration  of  members. 


Discussion  on  the  Papers  by  Dr.  Morton,  Major  Phillips,  and  Mr.  Wright,  read  at 
A  Joint  Meeting  of  The  Institution,  The  Royal  Society  of  Medicine  (Section  of 
Electro-Therapeutics),  and  The  Rontgen  Society,  26  February,  1920. 


Professor  W.  Salomonson  :  The  high-tension  trans- 
f  onner  has  in  many  cases  taken  the  place  of  the  induction 
coil  in  the  Rontgen  laboratory.  This  is  nearly  always 
to  be  found  when  an  unlimited  supply  of  electricity  is 
a^'ailable,  in  the  form  of  either  direct  or  alternating 
current.  Only  for  pureh'  therapeutic  purposes  the 
induction  coil  still  largely  maintains  its  original  position 
of  supremacy  over  the  closed  iron-circuit  transformer. 
If  we  try  to  ascertain  whj^  this  should  be  so,  we  have 
to  consider  many  questions.  The  first  is  the  problem  of 
the  very-high-tension  generator.  In  radio-therapeutics 
the  required  pressure  is  generally  extremely  high  ;  we 
want  to  use  only  the  most  penetrating  X-rays.  In 
the  induction  coil  we  have  a  double  transformation, 
firstly  from  a  low-tension  interrupted  direct  current  to 
a  higher-tension  alternating  current.  This  is  properly 
a  deferred  transformation.  Secondly,  this  alternating 
current  of  peculiar  form  is  transformed  into  a  pulsating 
current  of  extremely  lugh  potential.  The  first  trans- 
formation asks  only  for  an  insulation  of  the  primary 
circuit  to  stand  some  2,000  volts.  The  second  trans- 
formation needs  an  insulation  of  the  secondary  circuit 
to  stand  at  least  200,000-300,000  volts  according  to 
the  spark  length,  the  transformation  ratio  being  some- 


thing between  150  and  300.  With  the  closed  iron- 
circuit  high-tension  transformers  we  have  generally  a 
rate  of  transfonnation  of  between  600  and  1,200.  If 
the  transformer  is  to  be  used  for  therapeutical  work, 
and  especially  for  deep-seated  radiations,  we  must  be 
able  to  get  at  least  250,000  volts  from  the  secondary 
terminals.  This  means  nearly  always  that  a  very  large 
number  of  secondary  windings  have  to  be  compressed 
into  a  narrow  space.  The  difficulties  of  a  satisfactory 
insulation  then  become  very  great  and  render  such  an 
instrument  very  costly,  much  more  costly  than  an 
induction  coil  where  the  secondary  windings  can  be 
distributed  over  a  much  larger  space.  A  breakdown 
of  the  insulation  means  costly  and  difficult  repairs 
with  both  instruments,  but,  just  as  an  induction  coil 
can  easily  be  produced  at  less  than  half  the  price  of  a 
high-tension  transformer,  so  it  is  also  with  the  cost 
of  repairs  with  both  instruments.  Though  a  few 
radiologists  seem  to  prefer  the  transformer  to  the 
induction  coil  for  therapeutic  work,  I  feel  sure  that  the 
induction  coil  will  not  be  supplanted  by  the  transformer 
for  the  production  of  very  penetrating  X-rays.  As  in 
radiography  we  need  only  very  penetrating  ra5's  in 
metaUo-diagraphic  work,  we  can  expect  that  for  general 
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radiographic  and  radioscopic  work  the  transformer  will 
be  preferred.  The  construction  of  a  closed  iron-circuit 
transformer  with  a  secondaiy  voltage  of  100,000  does 
not  offer  too  much  difficulty  ;  it  meets  every  requirement 
in  general  work  except  the  production  of  the  most 
penetrating  rays,  and  in  its  present  form  a  breakdown 
of  the  insulation  rarely  occurs.  If  we  use  it  in  preference 
to  an  induction  coil  we  have  only  to  consider  its  efficiency. 
Of  course,  there  are  some  minor  points,  such  as  the 
ease  of  working,  the  form  of  the  secondary  current 
waves  and  so  on,  but  I  think  all  these  points  are  of 
secondary  interest.  The  question  of  the  wave-form  has 
still  some  interest  with  gas-filled  tubes,  but  not  with 
the  Coohdge  tube.  Only  the  question  of  efficiency 
remains.  A  few  years  ago,  in  a  paper  before  the  Rontgen 
Society,  I  described  some  methods  of  measuring  the 
efficiency  of  an  induction  coil.  Later  on  I  worked  out 
another  method  which,  I  think,  is  a  distinct  improvement 
on  the  former  ones.  The  whole  secondary  output  was 
agaia  transformed  into  heat,  and  the  number  of  calories 
generated  per  second  was  carefully  measured.  The 
resistance  in  these  experiments  was  simply  a  glass  tube 
through  which  water  flowed  in  a  steady  current.  The 
temperature  of  the  water  was  taken  before  and  after 
the  passage  of  the  secondary'  electric  current,  as  soon 
as  a  state  of  thermal  equilibrium  was  reached.  Ordinary 
mercury  thermometers  could  not  be  used  as  they  were 
spoiled  by  internal  glow-discharges.  Therefore  I  had 
a  series  of  alcohol-filled  instruments  made  in  Amsterdam 
divided  into  tenths  of  a  degree  C.  and  very  carefully 
calibrated.  The  construction  of  these  instruments 
caused  some  difficult}-,  as  the  divisions  were  not  equally 
distant  in  different  parts  of  the  scale.  But  after  some 
trouble  I  got  a  set  of  instruments  agreeing  well  within 
one-tenth  of  a  degree  C.  with  a  standard  mercury 
thermometer  over  the  whole  scale.  The  measurement 
of  the  water  flow  also  proved  to  be  less  simple  than 
I  thought  at  first,  but  it  was  also  worked  out  in  a  very 
simple  and  reliable  way.  The  correction  for  loss  of 
temperature  during  the  experiment  proved  to  be  very 
simple.  With  this  new  apparatus,  which  was  entirely 
insulated  from  the  earth,  and  in  which  any  desired 
resistance  could  be  inserted  with  the  greatest  ease  by 
putting  in  a  new  glass  tube  of  appropriate  dimensions, 
I  measured  the  secondary  output  of  some  induction 
coils  under  different  working  conditions,  whilst  watt- 
meter readings  were  taken  lor  the  input.  As  the 
primary  and  secondary  cu:  rents  were  measured  with 
hot-*ire  instruments  the  copper  losses  could  be  taken 
into  account. 

For  the  high-tension  transformer  I  was  able  to 
use  a  much  simpler  method.  The  secondary  ter- 
minals of  one  transformer  were  connected  to  the 
secondary  terminals  of  another  transformer.  In  tliis 
way  the  first  was  used  as  a  step-up  transformer,  the 
second  as  a  step-down  transformer.  The  input  of  the 
first  and  the  output  of  the  second  were  both  measured 
with  a  wattmeter  on  the  low-tension  side.  A  hot-wire 
mUliammeter  was  inserted  in  the  high-tension  circuit, 
and  instruments  of  the  same  kind  in  both  low-tension 
circuits.  The  resistance  of  the  primaries  and  secondaries 
being  known,  the  copper  losses  could  be  calculated. 
The  iron  losses  were  calculated  on  the  basis  of  an  equal 


division  between  the  two  transformers.  I  have  also 
used  this  method  with  three  induction  coils.  I  will 
give  a  few  figures  for  alternating  cuirent  of  50  periodicity: 

Table  r. 
(i)  Oil-insidatcd  Transformer  by  Snook. 

Efficiency  Output 

o  •  903  2  •  69  kw. 


Input 
2  •  98  kw. 

2  "02     ,, 
I-IO     ,, 


0-882 
0-864 


1-78 
0-95 


(2)   Dry  Transformer  by  Koch  and  StertzeL 

2-83  kw.  o-8go  2-52  kw. 

1-92    ,,  0-870  1-68    ,, 

i-oi    ,,  0-854  0-86    ,, 

(3)  Induction  Coil  by  Max  Kohl;   12-inch  Spark 


Lengths. 

970  watts 

0-809 

785  watts 

840 

0-790 

663       „ 

553       >. 

0-791 

438       „ 

222 

0-788 

175       ., 

{4)   "  Instantacoil" — 16  inch. 

970  watts  o  -  788  764  watts 

807       ,,  0-801  646 

501       ,,  0-799  400 

222       ,,  0-767  170 

(5)  Therapeutic  Coil,  Sienwns-Halske. 

807  watts  0'757  610  watts 

618       ,,  0-771  476 

501       ,,  0-775  378      ,, 

347       ..  0-764  267       „ 

With  the  transformers  the  efficiency  is  not  quite  so 
large  as  we  might  expect,  but  both  instruments  were 
among  the 'first  made  for  X-ray  work.  In  both,  the 
quantity  of  iron  is  considerably  less  than  we  might 
expect  in  a  4-kw.  transformer.  I  suppose  that  the 
newer  transformers  would  j'ield  better  results,  otherwise 
the  figures  are  normal  in  this  respect,  that  they  show 
a  better  efficiency  with  a  higher  input.  With  a  quarter 
load  these  are  still  appreciably  better  than  85  per  cent. 
With  induction  coils  the  results  are  more  irregular, 
and  I  have  not  been  able  to  trace  the  cause  for  it.  The 
smallest  coil  gave  the  best  results.  Probably  this  coil 
was  loaded  up  to  its  fullest  capacit}-,  whereas  the 
"  Instantacoil  "  was  loaded  to  scarcely  more  than  half 
the  maximum  capacity,  and  the  large  Siemens  coil 
to  not  more  than  perhaps  one-quarter  load.  Perhaps 
we  have  also  to  consider  the  fact  that  the  last-named 
coils  were  much  better  insulated  so  as  to  be  able  to  give 
at  least  a  16-inch  spark.  The  Siemens  coU  is  used 
every  day  during  at  least  four  hours  working  on  a  very 
hard  Rontgen  tube  with  a  parallel  spark  of  more  than 
12   inches. 

The  induction  coil  used  as  a  transformer  has  an 
efficiency  of  between  0-75  and  0-81  per  cent.  We 
hardly  ever  use  a  coil  in  this  way  :  it  is  practically 
always  fed  with  an  interrupted  current ;    and  in  this 
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case  we  get  very  different  figures,  depending  on  the  way 
the  coil  is  used.  With  the  coil  working  on  a  water 
resistance,  absorbing  both  the  secondary  impulses,  the 
closing  as  well  as  the  opening  impulse,  I  found  the 
figures  given  in  Table  2. 

Table  2. 
Small  Coil  by  Max  Kohl — 12   nich. 

Primary  Input  SecourJary  Output         Efficiency 

74-3  watts  50-3  watts  0-677 

130-0     ,,  92-7      ,,  0-713 

"  Instantacoll  " — 16  inch. 

63  •  2  watts  49  -  o  watts  0-776 

84-3      ,.  66-4      ..  0-787 

127-0      ,,  96-1      ,,  0-757 

20I-0      ,,  I54"i       ..  0-767 

The  "  Instantacoil  "  with  its  large  iro5i  core  gives 
better  results  than  the  smaller  coil,  the  mean  figures 
for  the  larger  coil  being  0-77,  and  for  the  smaller  coil 
0-70. 

With  the  Morton  rectifier  in  the  secondary  circuit 
I  obtained  the  figures  given  in  Table  3. 


Table  3. 

Small 

Coil — 12  inch. 

Primary  Input 

Secondary  Output 

Efficiency 

34-0 

watts 

19-3  watts 

0-568 

60-9 

36-4      .. 

0-598 

122-7 

74-9      .. 

0-610 

167-5 

105-0      ,, 

0-637 

232-2 

157-3      .. 

0-678 

282-6 

198-5      .. 

0-703 

"Instantacoil" — 16  inch. 
82  -  2  watts  49  ■  8  watts  o  -  606 


92-6 
126-4 
159-0 
417-4 


89-8 
75-2 

95-1 

274-0 


o-6oo 

0-595 
0-598 
0-633 


Al'  these  figures  were  obtained  at  the  primary  and 
secondary  terminals,  and  represent  the  efficiency  of 
the  coil  alone.  They  are  therefore  somewhat  mis- 
leading. We  ought  to  consider  the  coil  together  with 
the  interrupter.  We  then  find  for  the  Max  Kohl  coil 
the  figures  set  out  in  Table  4. 

Table  4. 


Input 

Output 

Efficiency 

Interruptions 

343-5  watts 

185-7  watts 

0-540 

I26-0 

350-8      „ 

183-2      ,, 

0-522 

II2-0 

387-1       „ 

193-0      „ 

0-499 

IIO-O 

535-7      .. 

212-5 

0-397 

79-0 

587-0      „ 

2o8-o       ,, 

0-354 

74-0 

The  efficiency  is  better  with  a  high  rate  of  interruptions 
than  with  a  smaller  number.  The  smaller  the  current 
broken  in  the  interrupter,  the  better  is  the  efficiency 
of  the  combination.  A  very  large  amount  of  energy 
is   absorbed  m   the  interrupter,   and   the   more  so  the 


greater  is  the  current  strength  at  the  moment  of  the 
interruption.  I  suppose  that,  especially  with  stronger 
currents,  a  short  arc  is  formed  at  the  contact  which 
absorbs  a  good  deal  of  the  primary  energy.  It  does 
not  seem  improbable  that  some  means  can  be  found  to 
lessen  these  interrupter  losses. 

Professor  C  L.  Fortescue :  As  a  radiologist,  my 
experience  is  practically  uU,  but  I  have  been  in  touch 
with  developments  in  the  last  few  years  that  niay  have 
a  great  influence  on  the  future  of  radiography.  The 
papers  of  Dr.  Morton  and  Major  Phillips  have  brought 
out  one  outstanding  point,  viz.  that  for  practical  X-ray 
work  the  demand  is  for  the  highly  penetrating  rays 
produced  by  the  quantity  of  electricity  which  passes 
through  the  tube  at  the  high  voltage.  They  have  shown 
us  that  it  is  useless  to  pass  a  large  quantity  of  electricity 
through  the  tube  if  the  voltage  is  low  :  it  only  leads 
to  overheating.  Whether  we  use  a  coil  or  a  transformer, 
some  part  of  the  discharge  is  at  a  high  voltage,  and 
some  part  at  a  low  voltage  ;  but  if  we  use,  by  a  method 
which  has  been  developed  recently  for  wireless  telegraph 
purposes,  a  hot-filament  rectifier  and  a  condenser,  I 
think  it  is  possible  that  the  whole  discharge  through 


Fig.  a. 

the  tube — at  any  rate  through  a  Coolidge  tube — 
could  be  at  the  high  voltage.  A  point  raised  by  Mr. 
Wright  was  that  the  low-voltage  discharge  was  also 
essential,  but  that  point  I  am  not  in  a  position  to  discuss. 
I  can  only  suggest  methods  whereby  for  a  CooUdge  tube 
a  high-voltage  discharge  can  be  obtained.  For  wireless 
purposes,  we  have  latterly  used  for  the  generation  of 
high-voltage  direct  currents  from  alternating-current 
supplies  the  circuit  shown  in  Fig.  A  (which  is  taken  from 
a  paper  before  the  Physical  Society  of  London*).  The 
rectifier  is  almost  the  same  as  a  Coolidge  tube.  F  is 
a  heated  tungsten  filament,  supplying  us  with  a  source 
of  electrons,  and  P  is  the  plate  to  which  those  electrons 
will  pass  when  that  plate  is  at  a  positive  potential  with 
respect  to  the  filament.  C  is  a  condenser,  on  one  side 
of  which  the  positive  charge  collects  after  the  passage 
of  the  electrons.  On  the  other  side  of  it  will  be  the 
corresponding  negative  charge.  The  action  of  the 
rectifier  is  as  follows  :  The  filament  is  surrounded  by 
a  mist  of  negative  charges  and  during  the  half  cycle 
of  the  alternating  voltage,  when  the  plate  is  positive, 
by  the  ordinary  rules  of  the  attraction  of  a  positive 
body  to  a  negative  body,  that  charge  will  be  drawn 
away  and  will  pass  across  the  very  high  vacuum  space 
between  the  filament  and  positive  electrode.  In  the 
course  of  the  alternatmg  cycle  in  which  the  plate  is 
negative,  the  action  of  the  negative  plate  on  the  free 
electrons  round  about  this  filament  is  one  of  repulsion, 
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and  consequently  no  current  vnll  pass  so  long  as  the 
vacuum  is  high  enough  to  prevent  a  discharge  of  the 
usual  kind.  The  result  is  that  in  spite  of  the  alternating 
nature  of  the  power  supply,  a  negative  charge  will  be 
lost  from  the  upper  plate  of  the  condenser,  which  will 
be  equi\'alent  to  giving  that  plate  a  positive  charge. 

Fig.  B  shows,  diagrammatically,  the  action  ^vhich 
takes  place.  The  round-shaped  wave  is  the  wave  of 
the   voltage  given   by  the  transformer.     The   full  line 


Current + 
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Fig.  B. 

that  is  available  as  a  stead}-,  or  nearly  steady,  supply 
from  the  condenser  C  in  the  pre\-ious  figure.  \Mien 
the  voltage  of  the  alternating  current  rises  abo\-e  this 
steady  value,  there  will  be  a  conduction  of  current  through 
the  vacuous  space  inside  the  tube. 

The  curve  in  Fig.  C  gives  some  idea  of  the  actual 
tube  efficiency  Ihat  can  be  obtained  ^\-ith  a  rectifier  of 
this  kind.  It  will  be  noted  that  it  is  possible,  by  a  suit- 
able proportioning  of  the  variables,  to  obtain  something 
like  85  per  cent  efficiency  in  ordinary  wireless  practice. 
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Fig.  C. 

^'  =  peak  voltage  of  altemating-curreot  supply. 

u-  =  filament  watts  required  for  i  ampere  of  electron  emission. 

That  is  at  a  lower  voltage  than  radiologists  require. 
At  the  voltage  with  which  radiologists  work,  the  effi.ciency 
codld  be  raised  to  about  90  or  95  per  cent.  I  suggest 
that  this  is  a  poss  ble  means  of  securing  a  steady  high- 
voltage  supply  ior  use  with  a  Coolidge  tube.  There  is 
a  difficulty,  which  will  probably  suggest  itself  to  many 
minds,  namely,  that  the  tube  itself  is  subjected  to  the 
voltage  of  the  condenser,  plus  the  half- wave  of  the 
transformer  when  the  latter  is  in  the  non-conductive 
direction.  This  is  a  verj-  severe  strain  on  the  insulation. 
I  understand  that  a  very  large  number  of  radiologists 


! 

A 

^^^^^D 

^ 

^ 

CurveA  -^  =  001 

E 

y 

^ 

„      B  f  =  0-02 
■•      C  f  =  0-03 

y 

r 

■■     D  f  =  0-04 
•■     E,f  =  p-06 

make  use  of  the  Snook  machine,  and  it  is  conceivable 
that  with  the  combination  of  rectifier  valve — and  by 
the  term  "  valve,"  I  mean  a  high-vacuum  hot-cathode 
valve,  not  the  gas  valve  which  has  been  already  spoken 
of — and  Snook  machine,  that  difficulty  would  be  o\er- 
come,  and  there  would  be  available  a  source  of  current 
which  would  be  operative  at  a  constant  voltage,  and 
not  at  the  variable  voltage  given  by  the  Snook  machine 
as  used  in  the  ordinary  manner,  or  as  given  by  an 
induction  coil.  With  all  deference  to  Major  Phillips, 
I  must  point  out  that  in  America,  in  1915,  hot-filament 
rectifying  tubes  were  in  use  capable  of  rectif}-ing  as 
much  as  200  milliamperes,  and  working  on  180,000- volt 
circuits.  The  experience  I  have  had  personally  of 
rectifiers  for  this  purpose  does  not  go  as  far  as  that, 
or  anything  approaching  it.  The  highest  voltage  I  have 
had  occasion  to  work  with  is  what,  b}^  radiologists, 
would  be  regarded  as  ridiculous,  namely  7,000  or  8,000. 
In  the  course  of  that  experience  I  have  never  heard  of 
a  rectifier  tube  which  gave  any  trouble  o^^•ing  to  the 
liigh  reversed  voltage.  Troirble  has  occasionally  occurred 
owing  to  the  valves  being  overloaded  in  the  conductive 
direction,  but  it  is  easily  overcome  and  would  not  be 
a  serious  difficulty  for  X-ray  work.  One  further  point 
arising  from  the  demonstration  which  INIr.  Wright  has 
given  :  the  "  brushing  "  from  a  high-voltage  supply  is 
a  difficulty  which  everj'-  wireless  engineer  has  experi- 
enced, and  I  would  suggest  to  the  Electro-Therapeutics 
Section  of  the  Roj-al  Society  of  INIedicine  that  the}' 
should  discuss  tliis  question  of  high  voltage  and  brush 
discharge  with  wireless  engineers  who  have  to  deal 
with  voltages  of  100,000  under  ver\'  adverse  conditions. 
The  difficulty  is  overcome  to  a  great  extent  by  a  careful 
study  of  the  elementary  laws  of  electric  fields. 

Major  G.  W.  C.  Kaye  :  I  should  like  to  point  out  to 
those  who  are  not  radiologists  how  the  present  situation 
has  arisen.  X-rays  were  discovered  by  a  physicist  : 
they  were  promptly  handed  over  to  the  medical  profession 
not  all  of  whom  sought  that  co-operation  with  the 
physicist  which  might  have  been  good  for  both  parties. 
Latterly,  I  think,  the  situation  has  changed  for  the 
better,  and  the  position  now  is,  that  radiology  is 
hampered  by  lack  of  units  and  standard  methods  of 
measurement.  There  is,  for  example,  no  kind  of 
standard  or  unit  of  radiation.  The  Rontgen  Societ}'  is 
devotmg  some  attention  to  that  matter,  and  perhaps 
we  shall  hear  of  a  solution  before  long,  but  we  have 
not  got  a  practical  unit  at  the  present  time.  The 
radiologist's  methods  of  measuring  current  through  the 
X-ra}'  tube  are,  as  has  been  pointed  out  already,  e,x- 
tremely  ineffective.  He  does  not,  as  a  rule,  know  the 
wave-form  either  of  voltage  or  of  current.  Again,  not 
one  radiologist  in  a  hundred  ever  takes  the  trouble  to 
measure  properly  the  voltage  across  his  tube.  The 
average  radiologist  does  not  know,  sometimes  within 
several  hundreds  per  cent,  what  voltage  he  has  on  his 
tube,  contenting  himself,  as  he  does,  by  measuring 
the  spark  between  points.  As  the  American  Institute 
of  Electrical  Engineers  has  shown,  the  ordinary  point 
gap  may  have  300  or  400  per  cent  of  error  as  regards 
voltage,  at  any  rate  on  large  gaps.  They  have  also 
shown  that  if  we  want  to  measure  high  voltages  accurately 
the  handy  way  is  to  use  a  sphere  gap,  and  we  must  use 
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spheres  as  big  as  the  maximum  gap  we  are  going  to 
employ.  1  doubt  if  there  is  a  radiologist  in  Great 
Britain  who  is  doing  anything  like  that.  Very  few  of 
them  even  are  using  sphere,  gaps.  I  have  gone  into 
the  question  of  measuring  peak  voltages  on  sphere 
gaps,  and  I  found  that  Dr.  Russell  had  anticipated  all 
that  I  could  have  thought  of  doing  in  that  direction. 
What  the  radiologist  does  need  more  than  anything 
is  the  co-operation  of  the  phj-sicist  and  of  the  electrical 
engineer,  who  are  used  to  measuring  things.  We  shall 
never  make  any  progress  imless  we  can  get  them 
interested  in  radiology,  and  that  is  what  I  hope  will 
emerge  more  than  anything  out  of  this  meeting.  In 
conclusion  I  should  like  to  point  out  that  the  kind  of 
efficiencies  we  are  using  in  the  X-ray  world  are  such 
as  to  appal  the  electric  engineer.  We  start  by  using 
either  a  transformer  or  a  coil — a  transfomier  ^vith  an 
efficiency  of  the  order  of  go  per  cent  or  a  coil  with  an 
efficiency  of  the  order  of  50  per  cent.  The  efficiencj' 
of  an  X-ray  bulb  is  something  of  the  order  of  one  part 
in  1,000.  In  a  coil-driveil  tube  I  suppose  something 
like  20  per  cent  of  the  rays  are  useful  rays  ;  the  rest 
are  of  no  use  ;  in  the  case  of  a  transformer-driven  tube 
perhaps  10  per  cent  is  a  fair  figure.  So  with  either 
method  of  exciting  the  bulb,  the  final  efficiency  is 
something  of  the  order  of  one  part  in  10,000.  It  is 
time  for  us  to  put  our  heads  together  and  improve 
that  state  of  affairs. 

Dr.  A.  E.  Barclay  :  It  is  common  knowledge  among 
X-ray  workers  that  the  current  from  the  high-tension 
transformer  differs  widelj'  from  that  produced  by  the 
coil.  The  heating  of  the  tube  by  the  high-tension 
transformer  is  out  of  all  proportion  to  the  X-ray  output  ; 
and  the  number  of  milliamperes  through  the  tube  is 
no  indication  of  the  efficiency  and  character  of  the 
discharge  from  the  tube.  From  high-frequency  appara- 
tus connected  to  the  high-tension  transformer  the 
discharge  is  almost  entirely  of  a  brush  character.  There 
is  an  extraordinary  tendency  of  the  liigh-tension  trans- 
former current  to  leak  and  char  such  substances  as 
vulcanite.  I  have  brought  a  series  of  records  of  the 
impulses  from  various  types  of  X-ray  apparatus,  made 
by  passing  a  double-coated  film  rapidly  below  a  slit 
in  a  sheet  of  lead  above  which  the  X-ray  tube  is  in 
operation.  The  rate  at  which  the  film  is  passed  thiough, 
by  hand,  increases  in  each  case,  and  it  will  be  noted 
how  the  gap  between  each  impulse  widens  out  in  con- 
sequence of  this.  There  is  one  feature  of  this  film  which 
calls  for  comment — there  are  streaks  across  in  various 
parts  of  the  band,  and  exactly  identical  streaks  were 
noted  in  another  record  in  which  an  aluminium  filter 
was  interposed.  These  bands  were  not  noted  in  any 
other  of  the  records.  The  records  show  that  the  impulses 
from  the  coil  actuated  by  a  mercurj-  break  give  instan- 
taneous radiographs  with  a  time  factor  that  is  too 
infinitesimal  to  show  even  when  the  film  is  travelling 
at  the  rate  of  40  ft.  a  second.  Good  records  were 
obtained  even  with  ^  milliampere  passing.  In  the  high- 
tension  transformer  records  the  wave  nature  of  the 
impulse  is  well  shown,  and  also  the  fact  that  the  time 
factor  during  wliich  the  tube  is  in  operation  is  very 
considerable.  The  efficiency  of  the  small  impulses  from 
a  coil  is  most  marked,  and  suggests  that  it  is  the  sharp- 


ness, the  bang,  of  the  impulse  that  is  responsible  for 
the  comparative  efficiency  of  the  discharge  in  com- 
parison with  that  of  the  high-tension  transformer. 
In  the  case  of  the  latter  machine  the  suggestion  is  that 
it  is  the  duration  of  time  during  which  the  current 
is  passing  that  is  responsible  for  the  heating  of  the 
tube.  The  comparison  of  inilliampercs  obtained  from 
the  coil  and  the  high-tension  transformer  is  no  guide 
whatever  to  the  efficiency  of  the  two  types  of  machine  : 
the  number  of  milliamperes  is  a  complete  fallacy  in 
X-ray  work  as  a  guide  to  efficiency. 

Mr.  R.  C.  Clinker  :  There  are  several  points  in  Dr. 
Morton's  paper  in  which  I  was  very  much  interested 
purely  as  an  electrical  engineer.  With  regard  to  the 
question  of  what  is  shown  by  the  oscUloscope,  I  should 
like  to  know  whether  it  is  intended  to  show  the  voltage 
or  the  current  that  is  supplied  to  the  tube.  It  seems 
to  me  that  it  is  very  necessary  to  separate  the  meanings 
of  the  words  "  voltage  "  and  "  current  "  before  we  can 
get  any  clear  idea  of  what  we  want.  I  notice  in  part 
of  Dr.  Morton's  paper  that  he  first  uses  the  word  "  cur- 
rent," then  the  word  "  voltage,"  and  later  on  the  word 
"  current  "  again.  Fig.  i  (page  720)  shows  a  very 
high  peak  given  by  the  coil  in  the  positive  direction, 
followed  b}'  a  small  peak  in  the  negative  direction. 
If  that  is  voltage  produced  by  the  coil  I  do  not  think 
it  can  be  correct,  because  there  is  one  thing  we  can 
say  definitely  about  the  induction  coil,  and  that  is, 
that  the  area  of  the  voltage  wave  on  the  positive  side 
at  "  break  "  must  be  equal  to  the  area  on  the  other 
side  at  "  make."  I  do  not  say  the  maximum;  I  say 
the  area.  The  ma.ximum  at  "make"  is,  of  course, 
very  much  lower,  and  we  require  it  as  low  as  possible. 
There  'fe  a  further  point  with  regard  to  the  comparison 
that  Dr.  Morton  shows  between  the  induction  coil  and 
the  transformer.  I  made  an  experiment  a  year  or  two 
ago  with  a  Coolidge  tube  supplied  from  an  alternating- 
current  source  with  a  sjmchronous  mercury  interrupter, 
and  it  gave  a  very  interesting  result,  which  I  think 
is  rather  to  the  point  in  the  comparison  between  the 
induction  coil  and  the  transformer,  although  it  was 
a  coil  only  that  I  was  using.  I  staited  the  apparatus 
up  and  I  first  connected  it  to  the  tube  in  the  correct 
du-ection,  that  is  to  saj',  when  the  "  break  "  occurred 
the  target  was  made  positive.  The  current  tlirough  the 
tube  was  2|  milliamperes,  and  there  was  a  bright 
illumination  of  the  fluorescent  screen.  Then  I  reversed 
the  primary  current,  so  that  the  "  make  "  voltage  was 
applied  to  the  tube  is  such  a  direction  as  to  make  the 
target  still  positive.  The  result  was  that  10  mUliamperes 
passed  through  the  tube  in  the  coiTect  direction,  but 
there  was  no  illumination  at  all  upon  the  screen.  That 
shows  very  clearly  the  difference  between  a  verj'  high 
peak  wave  and  a  wave  of  a  ver}'  low  peak,  but  lasting 
much  longer.  We  have  four  times  the  mean  current 
passing  through,  j^et  we  have  absolutel}'  no  illumination 
at  all,  whereas  in  the  other  case,  with  the  smaller  current, 
we  get  a  bright  illumination.  I  was  using  a  CooUdge 
tube  in  which  I  could  of  course  adjust  the  filament 
current  to  any  desired  extent,  but  the  readings  were 
taken  at  the  same  heating.  There  is  an  additional 
fact,  which,  I  think,  illustrates  in  a  different  way  Dr. 
Morton's  point — namely,  that  a  Snook  type  of  apparatus, 
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with  rotating  rectifier,  with  which  I  am  acquainted, 
gives  no  screen  illumination  at  all  below  a  2-inch  gap, 
and  I  take  that  to  mean  that  the  .voltage  does  not  help 
medical  men  until  it  gets  far  above  that  gap.  So  that 
what  we  want  is  a  high  voltage,  and  we  want  the  current 
through  the  tube  to  be  passed  at  that  high  voltage. 
Professor  Fortescue  has  already  described  the  excellent 
method  of  getting  that  high  voltage  by  means  of  a 
valve,  and  I  should  like  to  add  a  few  remarks  to  what 
he  has  said  in  that  respect.  If  accurate  measurements 
are  to  be  made,  and  we  have  this  high-voltage  steady 
current  apphed  to  the  tube,  we  want  to  get  rid  as  much 
as  possible  of  the  ripples,  and  in  order  to  do  that  it  is 
necessary  to  use  a  high-frequencj'  generator  of  i,ooo  or 
2,000  cycles  per  second  ;  otherwise,  if  we  only  use  a 
50-cycle  supply  we  shall  find  that  our  "  smoothing- 
out  "  condensers  and  inductances  are  of  undue  size. 
On  the  other  hand,  if  we  use  2,000  cycles  we  can  produce 
an  almost  uniform  ^■oltage.  Ha^•ing  got  a  voltage  that 
we  can  regulate  between  zero  and,  say,  150,000,  the 
only  other  thing  to  do  is  to  adjust  the  tube  to  pass 
the  required  current,  and  that  will  give  us  all  the  results 
we  want  for  the  present.  I  was  rather  surprised  that 
the  question  of  gaps  was  not  touched  on  in  the  paper. 
Major  Kaye  has  alluded  to  that  point,  and  I  will  add 
a  few  further  remarks  to  what  he  said.  I  should  hke 
to  ask  Dr.  Morton  whether  the  comparisons  between 
the  induction  coil  and  the  transformer  have  all  been 
made  at  the  same  maximum  voltage,  because,  if  so, 
one  cannot  help  thinking  that  the  transformer  and  the 
rectifier  give  a  larger  quantity  of  X-rays  than  the  coil. 
If  we  have  the  same  maximum  voltage,  the  rounded 
shape  of  tlie  transformer  wave  gives  us  a  longer  time 
at  or  near  that  high  voltage  than  the  coil  which  gives 
us  a  peak  potential.  No  doubt  there  is  a  lot  at  the  lower 
part  of  the  wave  which  is  useless,  but  there  is  also  a 
great  deal  more  at  the  top  part  of  the  wave.  Supposing 
these  voltages  are  measured  with  a  spark  gap,  do  we 
get  that  comparison  ?  It  depends  entirely  on  the  type 
of  spark  gap  used.  As  Major  Kaye  said,  it  is  useless 
to  use  a  point  gap  if  we  want  a  strict  comparison.  We 
want  to  use  a  sphere  gap  which  has  a  ver>^  small  time-lag. 
The  voltage  at  which  a  pointed  gap  discharges  depends 
upon  the  rate  of  rise  of  potential.  If  we  have  a  low 
rate  it  will  go  over  at  a  low  voltage,  and  it  does  not 
give  us  a  comparison  of  the  maximimi  voltage  in  the 
two  cases  of  coil  and  transformer.  I  am  convinced 
that  the  sphere  gap  is  what  we  want.  Mr.  Wright 
referred  in  his  paper  to  the  question  of  the  shape  of 
the  wave.  He  said  that  we  could  obtain  a  more  peaked 
wave  by  using  a  resistance  in  series  with  the  trans- 
former. I  think  he  is  right,  and  that  that  is  the  direction 
in  which  one  should  work.  Major  Phillips  referred  in 
"his  paper  to  a  paper  by  Messrs.  Barr,  Beeton  and  Ta^dor 
published  in  the  Electrician  deahng  with  the  question 
of  changing  the  shape  of  alternator  wave-foiins.  They 
injected  into  the  wave  a  capacitj-  or  inductance  in  order 
to  get  what  shape  they  wanted.  It  is  quite  probable 
it  can  be  done  in  that  way,  but  I  think  a  great  de£d  can 
be  done  by  working  the  transformer  at  a  very  high 
magnetic  density  in  the  core  and  using  a  resistance 
in  series  with  it.  We  can  get  a  very  high  peak  in  that 
way.     It    often    happens    that    in    ordinary    electrical 


engineering  we  have  to  avoid  the  very  thing  which  it 
is  necessary  to  obtain,  either  in  wireless  telegraphy  or 
in  medical  work.  When  we  test  insulation  by  a  trans- 
former we  always  try  to  avoid  having  to  regulate  the 
current  with  a  resistance  in  the  primary  circuit,  because 
we  get  a  high  maximum  which  is  difficult  to  measure  on  a 
voltmeter,  but  for  our  work  I  think  that  such  a  trans- 
former, with  a  high  density  in  the  core,  placed  in  oil 
and  regulated  with  a  resistance,  would  give  us  as  good 
a  result  as  the  coU.  There  is  one  final  word  I  want  to 
say  on  the  question  of  the  measurement  of  peak  voltage. 
There  are  methods  by  which  it  is  possible  to  measure 
accurately  the  peak  voltage,  but  they  require  consider- 
able precaution  to  ensure  accuracy.  I  refer  to  the 
use  of  a  hot  cathode  high-vacuum  valve — the  type  of 
which  Professor  Fortescue  spoke.  In  doing  some  work 
during  the  war  on  magnetos,  I  used  that  method  for 
voltages  up  to  15,000  or  16,000.  A  paper  has  been 
pubhshed  by  Messrs.  Campbell  and  Paterson  on  the 
precautions  necessary  in  using  that  method,  which 
consists  in  putting  the  valve  in  series  with  an  electrostatic 
voltmeter.  \\Tien  the  voltage  rises  to  the  peak  the 
charge  goes  through  the  valve  to  the  voltmeter ;  when 
it  falls  the  charge  cannot  go  back.  I  found  that  a  very 
reUable  method  of  measuring  the  maximum,  and  if 
research  is  undertaken,  that  is  the  method  which  should 
be  used,  unless  it  is  intended  to  use  a  continuous  high 
voltage,  which  is  certainly  the  more  desirable. 

Dr.  E.  A.  Owen  :  We  are  dealing  in  the  X-ray  tube 
with  two  main  factors,  namely,  the  voltage  and  the 
current.  The  voltage  on  the  tube  determines  the  wave- 
length and  the  current  determines  the  intensity  of  the 
radiation.  Both  these  factors,  in  my  opinion,  are 
important  in  radiography.  The  form  of  the  voltage 
curve  given  by  an  induction  coil  is  similar  to  that 
represented  diagrammatically  in  Dr.  Morton's  paper  ; 
theie  is  one  prominent  peak  followed  by  a  series  of 
smaller  ones.  It  has  been  shown  experimentally  by 
Professor  Taylor  Jones  that  the  X-raj's  are  given  out 
at  the  same  time  that  the  high  peak  is  reached.  No 
impression  is  obtained  on  the  photographic  plate 
corresponding  to  the  smaller  maxima  of  the  voltage 
curve,  so  that  this  part  of  the  curve  does  not  serve 
any  useful  purpose  in  the  production  of  radiation. 
In  fact,  the  current  passing  through  the  tube  during 
this  time  only  serves  to  heat  up  the  anti-cathode,  and 
for  this  reason  it  should,  if  possible,  be  entirely  sup- 
pressed. This  is  partly  done  in  certain  rectifpng 
devices  where  a  spark  between  two  points  or  two  spheres 
immediately  follows  the  discharge  through  the  tube. 
Eh-.  Morton  suggests,  in  his  paper,  that  the  efficiency 
of  an  apparatus  for  tlie  production  of  X-radiation 
should  be  measured  by  the  radiological  result  obtained 
from  a  given  number  of  milhampere-seconds  on  a 
pastiUe.  This  was  done  by  Levy  some  time  ago  (see 
Rontgen  Journal,  January  1917),  and  it  may  be  of  interest 
to  quote  his  results  here.  The  intensity  of  the  radiation 
emitted  by  a  bulb  was  measured  by  the  rate  of  change 
of  colour  of  a  pastiUe  of  barium  platino-cyanide,  and 
the  current  passing  through  the  tube  was  read  on  a 
moving-coil  milhammeter.  There  are  objections  to 
taking  the  indications  of  the  milliammeter  as  a  measure 
of  the  current  through  the  tube,  since  the  readings  of 
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the  milliammeter  depend  upon  the  current  wave-form, 
and  this  is  not  the  same  for  a  coil  as  it  is  for  a  trans- 
former. Levy  found,  with  the  coil  outfit  at  his  disposal, 
that  the  milliampere-minutes  required  to  change  the 
colour  of  a  pastille  to  a  given  tint  increased  rapidly 
with  increase  of  current  through  the  tube,  whereas, 
with  the  interruptless  transformer  the  milliampere- 
minutes  required  to  turn  the  pastille  to  the  same  tint 
was  practically  constant  for  all  currents  through  the 
tube.  The  comparison  was  made  with  a  Coolidge  tube 
under  definite  conditions  as  to  equivalent  spark  gap 
and  distance  of  pastille  from  the  anti-cathode  of  the 
tube.  The  curves  showed  that  up  to  3  milliamperes 
through  the  tube  the  coil  was  more  efficient  than  the 
transformer,  but  for  higher  currents  the  latter  wsis 
by  far  the  more  efficient.  Some  experiments  carried 
out  quite  recently  at  the  National  Physical  Laboratory 
on  the  measurement  of  X-ray  intensity  by  means  of 
barium  platino-cyanide  pastilles,  corroborate  Levy's 
results  with  the  coil  outfit.  In  this  case  a  standard 
Coolidge  tube  with  tungsten  anti-cathode  was  excited 
by  a  Watson  16-inch  induction  coil,  the  current  through 
the  primary  of  which  was  interrupted  by  a  Sanax 
mercury  break.  The  following  results  were  obtained 
with  the  Sabourand-Noire  pastille  placed  at  103  cm. 
from  the  anti-cathode.  The  figures  in  the  table  give 
the  times  of  the  B  dose  corresponding  to  certain  values 
of  equivalent  spark  gap  (between  point  and  plane)  and 
current  through  the  tube  as  measured  by  an  ordinary 
milliammeter.  The  other  conditions  such  as  rate  of 
interruption  of  primary  current  (about  88  interruptions 
per  second),  time  of  contact,  etc.,  were  kept  constant. 


Spark  Gap  (between  PoinI 

and  Plane 

Current 

5  cm. 

8  cm. 

II  cm. 

15  cm. 

20  cm. 

(36  kv.) 

(51  kv.) 

(66  kv.) 

(86  kv.) 

(ill  kv.) 

Miliiampeies 

Minutes 

Minutes 

Minutes 

Minutes 

Minutes 

I 

36-0 

13-0 

9-1 

5-5 

3-4 

2 

22-8 

9-2 

7-6 

3-5 

2-0 

3 

i8-7 

8-0 

4-5 

2-9 

1-5 

4 

l6-6 

7-5 

3-9 

2-5 

1-3 

5 

15-3 

7-1 

3-5 

2-4 

1-2 

6 

14-4 

6-9 

33 

2-2 

!•  I 

8 

133 

6-6 

30 

2-1 

i*o 

ID 

12-7 

6-4 

2-9 

2-0 

0-9 

12 

12-3 

6-2 

2-8 

1-9 



14 

I2-I 

6-1 

2-6 

1-8 

The  table  shows  the  futiUty  of  increasing  the  current 
through  the  tube  above  a  certain  value.  For  instance, 
with  a  spark  gap  of  15  cm.,  when  the  current  is  increased 
from  4  ma.  to  12  ma.,  the  time  of  dose  changes  only 
from  2  ■  5  minutes  to  i  •  9  minutes,  so  that  in  this  particular 
case  when  the  current  through  the  tube  is  trebled,  the 
time  of  dose  is  only  reduced  by  one-quarter  of  the  time 
of  dose  with  the  smaller  current.  In  the  case  of  the 
transformer,  however,  under  the  same  conditions  we 
would  find,  according  to  the  results  already  mentioned, 
that  if  4  ma.  through  the  tube  require  2-5  minutes  to 
change  the  colour  of  the  pastille  from  tint  A  to  tint  B, 


then  for  12  ma.  it  would  require  approximately  o'8 
minute  ;  that  is  the  number  of  milliampere-minutes 
would  be  the  same  in  each  case.  It  has  already  been 
pointed  out  that  the  coil  has  an  advantage  over  the 
transformer  in  that  it  has  no  moving  part,  and  further- 
more the  wave-form  of  the  coil  discharge  is  very  suitable 
for  the  production  of  X-rays.  The  accessory  to  the 
coil,  namely  the  break,  is,  however,  a  source  of  trouble. 
I  believe  there  is  room  for  great  improvement  in  this 
part  of  the  coil  outfit,  and  it  is  a  point  which  should 
be  attended  to  without  delay  if  the  coil  is  to  hold  the 
field  with  the  transformer.  Until  quite  recently  there 
was  no  satisfactory  theory  to  account  for  the  performance 
of  the  induction  coil,  but  lately  a  theory  has  been  put 
forward  by  Taylor  Jones  from  which  deductions  have 
been  made  which  agree  remarkably  well  with  practical 
results.  The  application  of  this  theory  to  practice  should 
lead  to  important  developments  in  coil  design. 

Dr.  G.  H.  Orton  :  Dr.  Morton,  in  his  paper,  says, 
"  The  cry  of  the  radiographer  was  still  for  more  milli- 
amperes," and  it  seems  to  me  that  this  cry  has  probably 
been  one  of  the  chief  obstacles  in  the  path  of  advance- 
ment. It  must  be  evident  to  all  who  have  studied  the 
matter  that  the  milliammeter  is  a  very  misleading  instru- 
ment, and  is  really  no  reliable  guide  to  the  amount  of 
useful  radiation.  We  say  a  transformer  is  not  so  efficient 
as  a  coil  because  the  60  milliamperes  from  it  are  only 
equal  to,  say,  30  milliamperes  from  a  coil,  and  so  on. 
Is  this  correct  ?  Why  should  we  assume  that  the 
milliammeter  reading  on  a  transformer  current  indicates 
the  same  thing  as  that  of  a  coil  current  ?  Speaking 
from  practical  experience,  it  is  evident  to  me  that  it 
does  not,  but  I  will  leave  it  to  others  to  explain  this. 
The  maximum  impulse  from  a  coil  is  of  extremely 
brief  duration,  much  more  so  than  that  from  a  trans- 
former— so  brief  in  fact  that  the  milhammeter  as  at 
present  constructed  is  incapable  of  recording  it.  It 
would  suggest  that  if  the  true  current  from  a  coil  could 
be  measured  we  should  find  that  in  proportion  it  is 
less  efficient  than  the  current  from  a  transformer ; 
the  milliammeter  in  the  case  of  a  coil  records  probably 
less  than  half  of  the  true  current.  Again,  Dr.  Morton 
assumes  from  his  experiinents  that  the  curves  from  a 
transformer  and  from  a  coil  are  very  different,  but  I 
am  incUned  to  doubt  that  also.  I  would  suggest  that 
the  curve  in  the  case  of  the  coil  is  of  such  brief  duration 
that  its  characteristics  cannot  be  properly  gauged  from 
what  can  be  seen  on  a  rotating  mirror.  It  is  an  un- 
doubted fact  that  a  very  hard  tube  is  not  good  for 
radiography.  What  then  is  the  use  of  the  extra  height 
of  the  coil  curve,  and  at  what  point  on  this  oirve  do 
we  get  the  most  useful  radiation  ?  Surely  the  peak 
is  of  value  only  when  we  are  using  a  very  hard  tube, 
as  is  the  case  in  radiotherapy.  If  then  we  are  agreed 
that  a  hard  tube  is  not  required  for  radiography,  why 
is  the  top  of  the  transformer  curve  of  less  value  ?  With 
regard  to  the  extra  heating  effect  of  a  transformer 
current,  may  not  that  be  explained  by  the  fact  that 
in  the  case  of  the  transformer  there  is  a  shorter  period 
of  rest,  so  to  speak,  between  the  curves  ?  The  explan- 
ation of  the  superiority  of  the  coil  over  the  transformer, 
Dr.  Morton  says,  has  puzzled  many  radiologists.  I 
admit  it  is  very  difficult — I  might  say  almost  impossible 
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— to  explain  a  superiority  which  probably  does  not 
exist,  for  I  firmly  beUeve  that,  if  again  we  can  only 
bring  ourselves  to  disregard  the  milUammeter,  or  at 
any  rate  not  assume  that  that  instrument  is  recording 
the  same  thing  when  connected  to  a  transformer  circuit 
as  when  connected  to  a  coil  circuit,  and  judge  by  the 
effect,  say,  on  a  photographic  plate,  we  shall  find  that 
this  assumed  superiority  of  the  coil  is  non-existent. 
It  is  true  that  the  potential  of  a  coil  capable  of  bridging 
12  inches  or  more  of  air  is  enormous,  but,  when  we 
connect  this  to  a  tube  that  does  not  require  more  than 
say,  a  6-inch  gap,  does  this  total  potential  come  into 
play,  and  are  not  the  potential  of  a  coil  and  the  potential 
of  a  transformer  operating  a  tube  of  similar  spark  gap 
practically  the  same  ?  Does  not  the  potential  drop  to 
the  requirements  of  the  tube  ?  If  not,  what  does 
happen  ?  Why  does  not  the  current  bridge  the  12-inch 
or,  say,  even  the  6-inch  gap  ?  In  other  words,  is  not 
the  high-voltage  impulse  of  a  transformer  sufficient  for 
radiography,  and  is  not  the  useful  part  of  the  coil  wave 
somewhere  between  its  highest  and  lowest  points  ? 
In  the  case  of  therapy  our  arguments  are  quite  different. 
There  we  require  the  most  penetrating  rays  we  can  get, 
and  no  doubt  the  peak  of  the  wave  is  the  most  useful 
part  of  it.  Personally  I  do  all  my  therapy  with  a 
coil,  and  radiography  with  a  transformer,  and  it  seenis 
to  me  that  that  gives  the  most  satisfactory  results  at 
the  present  time.  The  bulk  of  the  transformers  in  this 
country  will  not  stand  the  constant  overloading  necessary 
to  obtain  suitable  rays  for  deep  therapy — though  I  have 
no  doubt  they  can  be  constructed  if  necessarj- — and  it 
is  more  difficult  to  get  a  transformer  repaired  and  replaced 
in  a  short  time  than  a  coil.  Further,  with  the  double 
installation,  if  one  breaks  down  the  other  is  available 
and  the  work  is  not  arrested.  Mr.  Wright,  in  his  paper, 
implies  that  radiologists  do  not  know  what  they  want. 
We  do  not  pretend  to  know  how  what  we  want  is  to  be 
manufactured,  but  I  think  we  may  say  that  for  radio- 
therapy we  require  a  machine  that  will  give  us  a  current 
of  very  high  potential,  capable  of  operating  a  tube 
having  a  12-  to  14-inch  spark  gap ;  furthermore,  it 
must  be  able  to  stand  such  potential  for  long  periods 
without  breaking  down,  and  the  current  must  be 
sufficient  to  enable  us  to  give  a  full  dose  through  4  to 
5  mm.  of  aluminium  in  a  reasonable  time,  say  four  to 
six  minutes,  or  less.  In  the  case  of  radiography  such 
high  potential  is  not  necessary,  but  we  want  a  machine 
that  wiU  enable  us  to  obtaia  radiographs  of  the  chest 
at  a  greater  distance  from  the  tube  and  in  less  tiftie 
than  is  at  present  possible,  and  without  an  intensifying 
screen.  In  designing  such  a  machine,  I  would  suggest 
that  the  tj'pe  of  tube  to  be  used  must  be  taken  into 
consideration.  The  current  through  a  gas  tube  is 
dependent  on  the  ionization  of  the  gases  in  it  by  means 
of  a  high-voltage  current,  and  therefore  an  initial  inertia 
of  very  high  potential  is  necessar\'  to  produce  this 
ionization.  In  the  case  of  the  Coohdge  tube  this,  of 
course,  does  not  apply,  and  there  is  nothing  gained  by 
building  up  a  coil  of  a  higher  potential  than  is  actually 
required  to  operate  the  tube.  What  we  want  is  sufficient 
potential  and  more  current  available  at  this  potential. 
Mr.  W.  E.  Burnand  :  I  think  the  difference  in  the 
results  obtained  from  the  X-raj'  tube,  excited  by  means 


of  a  coil,  and  alternatively  by  a  transformer,  is  very 
largely  due  to  the  great  rise  in  useful  rays  from  a  tube 
as  the  input  is  increased.  If  we  take  it  that  the  output 
of  useful  rays  \'aries  as  the  cube  of  the  applied  voltage, 
we  are  likely  to  be  under  rather  than  over  as  a  first 
approximation.  If  those  curves  of  potential  shown  on 
the  screen  are  plotted  out  on  that  cube  basis,  it  will 
be  seen  that  the  upper  parts  of  the  voltage  curves  are 
the  only  parts  which  matter  as  regards  production  of 
useful  rays  ;  the  other  chiefly  heats  up  the  tube.  Major 
Phillips  gives  us  some  rather  difficult  figures  to  work 
to,  if  we  are  asked  to  supply  transformers  of  2,000,000 
volts.  I  beheve  that  1,000, 000- volt  transformers  have 
been  made  in  the  United  States  and  have  worked  at 
such  a  pressure,  though  not  for  long.  I  have  seen  insu- 
lators described  for  one  of  them  10  ft.  long.  For  2  million 
volts  they  would  have  to  be  30  ft.  long.  A  i-miUion 
volt  transformer  was  described  some  time  ago  in  the 
technical  Press  and,  judging  by  its  dimensions,  it  cost 
something  above  ;fio,ooo,  and  probably  would  weigh 
over  20  tons.  So  I  think  such  transformers  are  out  of 
the  question  for  the  time  being.  The  most  hopeful 
part  of  the  business  is,  I  think,  provided  by  the  demon- 
stration, by  the  curves  thrown  on  the  screen  of  the 
very  short  duration  for  which  this  high  voltage  is 
required.  It  is  evident  that  the  amount  of  energy 
required  in  the  tube  is  comparatively  small.  Although 
I  think  it  is  impossible  with  present-day  materials  to 
keep  that  high  voltage  for  any  considerable  period  of 
time  on  the  transformer,  we  might  develop  an  apparatus 
which  would  maintain  it  long  enough  to  give  the 
required  impulse  to  the  tube  ;  I  think  i/2ooth  of  a  second 
would  be  long  enough.  The  apparatus  I  would  propose 
for  that  would  be  substantially  a  transformer,  but  with 
an  air-gap  in  the  magnetic  circuit,  and  excited  by  a 
small  direct  current.  By  that  means  we  could  have  a 
transformer  of  reasonable  size,  and  we  could  pass,  for 
instance,  a  direct  current  of  about  500  watts  for  five 
seconds.  That  would  be  enough,  and  the  energy 
represented  would  be  mainly  stored  in  the  air-gap  and 
could  be  discharged  when  the  primary  of  the  circuit 
is  broken  in  i /200th  of  a  second  ;  it  would  give  us  over 
200  kw.  for  that  short  period  of  discharge,  allowing 
Uberally  for  all  losses,  and  I  think  it  would  meet  tube 
requirements  for  a  long  time.  My  object  in  bringing 
this  forward  is  that  I  am  constructing  such  an 
apparatus,  and  it  will  weigh  about  2  tons.  If  any 
enthusiast  would  hke  to  bring  his  tubes  and  test  them 
when  it  is  ready,  I  will  risk  the  transformer.  I  have 
a  variable  air-gap,  so  that  we  can  vary  the  intensity 
of  the  discharge  as  well  as  the  quantity,  and  we  can 
start  at  a  low  value,  and  increase  it  until  one  or  the 
other  gi\-es  out.  A  useful  feature  is  that  with  a  given 
air-gap  and  a  given  primary  current  there  is  always 
the  same  amount  of  energy  stored  in  the  system,  and 
discharged  when  the  primary  circuit  is  broken. 

Mr.  F.  J.  Harlow  :  I  think  the  first  thing  which 
should  be  taken  into  consideration  in  designing  a 
generator  for  high-tension  current  is  the  X-ray  tube. 
It  is  most  important  that  we  should  decide  definitely 
whether  the  gas  or  the  hot-cathode  type  of  tube  is  to 
be  used,  because  there  is  a  distinct  difference  in  the 
characteristics  of  the  two  tubes  and  it  is  conceivable 
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that  the  machine  employed  to  develop  the  Mgh-tension 
current  will  have  to  be  different  in  the  two  cases.  I 
am  convinced  at  any  rate  that  little  progress  can  be 
made  in  research  by  using  the  gas  tube,  as  one  cannot 
control  the  various  factors  independently  ;  for  research, 
the  hot-cathode  tube  is  indispensable  in  order  that 
the  conditions  may  be  definitely  iixed.  Fig.  D  shows 
rouglil}'  the  difference  in  the  characteristic  curves  of 
the  gas  and  hot-cathode  tubes.  Curve  {a)  shows  the 
way  in  which  the  current  changes  with  voltage  in  the 
case  of  the  gas  tube,  except  probably  the  lower  part 
which  shows  the  kind  of  thing  we  should  get  if  there 
were  some  source  of  ionization  in  the  tube.  As  the 
voltage  rises  the  current  attains  a  saturation  value, 
and  it  is  not  until  we  get  ionization  by  colUsion  in  the 
tube  that  the  current  rises.  It  is  the  last  portion  of 
the  curve- — the  portion  corresponding  to  ionization  by 
collision — that  we  have  to  deal  with  in  the  gas  type 
of  X-ray  tube.  In  the  hot  cathode  tube,  on  the  other 
hand,  we  have  a  curve  of  the  tj^pe  {&)  or  (c),  the  former 


Voltage 
KiG.  D. — Characteristic  curves. 

corresponding  to  the  higher  temperature  of  filament. 
For  the  low  voltage,  the  current  is  quite  small,  but  it 
attains  a  certain  saturation  value  wliich  depends  upon 
the  temperature.  If  the  saturation  stage  is  reached, 
however  much  the  voltage  is  increased  the  current  does 
not  increase,  a  result  quite  different  from  that  with  a 
gas  tube.  It  is  thus  conceivable  that  the  most  suitable 
wave-form  may  depend  upon  the  type  of  tube  used  ; 
at  any  rate,  the  characteristic  curves  must  be  borne 
in  mind  in  interpreting  any  results  such  as  those  given 
by  the  oscilloscope.  The  paper  which  Dr.  Morton  has 
contributed  describes  the  oscilloscope  as  indicating 
voltage ;  the  oscilloscope  indicates  current  approxi- 
mately, not  voltage,  except  in  so  far  as  the  former  is 
dependent  upon  the  latter.  The  characteristic  curves 
already  shown  reveal  that  the  current  is  by  no  means 
proportional  to  the  voltage.  The  next  slide.  Fig.  E, 
shows  the  result  of  an  oscilloscope  experiment  I  carried 
out  after  reading  Dr.  Blorton's  paper ;  it  illustrates 
the  point  extremely  well .  The  experiment  was  performed 
with    a    high-tension    transformer    kindly    lent    me    by 


Sir  Archibald  Reid,  and  I  beheve  it  is  one  of  the  first 
to  be  made  in  this  country-.  A  hot-cathode  tube  was 
used  and  for  the  lower  voltages  curves  approximating 
more  or  less  to  the  sine  form  were  obtained.  As  the 
voltage  gradually  rises  the  indication  of  the  oscilloscope 
follows  the  sequence  of  curves  shown,  until  at  a  certain 
stage  the  top  begins  to  ilatten  out,  and  however  much 
the  voltage  is  increased  beyond  this  point  the  current 
does  not  rise  further,  but  we  get  an  absolutely  flat  top 
at  a  constant  height,  the  curve  broadening  out  until 
its  sides  become  almost  vertical.  From  the  character 
of  these  curves  and  bearing  in  mind  the  shape  of  the 
characteristic  of  the  hot  cathode  tube,  one  would  think 
the  dotted  hnes  were  voltage  curves,  but  owing  to  the 
saturation  stage  having  been  reached  they  are  not 
indicated  in  the  oscilloscope.  As  a  matter  of  fact, 
though  I  have  not  had  time  to  take  definite  readings, 
it  is  quite  obvious  that  if  we  plotted  length  of  glow  on 
the  electrode  of  the  oscilloscope  against  apphed  voltage 


Fig. 


Tube :-    Self -rectifying  heated  filament  type 

E. — Oscilloscope   curves  with   high-tension   transformer 
(without  mechanical  rectifier). 


we  should  have  obtained  the  second  curve  shown  in 
this  sUde  which  is  similar  to  the  characteristic  curve  (6) 
of  the  first  shde  (Fig.  D) .  Fig.  F  shows  some  oscilloscope 
indications  with  the  instrument  in  series  with  a  hot- 
cathode  tube  excited  by  a  1 6-inch  coil.  I  want  to  show 
Hjat  the  same  sort  of  indication  is  obtained  in  this 
case.  The  first  figure  is  for  a  low  voltage.  We  get 
the  initial  peak  which  Dr.  Morton  makes  so  much  of, 
but  the  curve  quickl}'  tails  down  to  zero.  If  a  spark 
gap  is  introduced  into  the  secondary  circuit  the  effect, 
as  shown  in  the  second  figure,  is  to  cut  off  the  tail, 
which  means,  as  Dr.  Morton  concludes,  the  cutting  off 
of  low-voltage  current.  It  will  be  noticed  that  the 
number  of  milliamperes  is  reduced,  although  no  alteration 
in  the  heating  current  was  made.  If  the  tube  is  hardened 
by  increasing  the  primary  cuiTent,  it  will  be  noticed 
[Fig.  F  (c)]  that  the  curve  assumes  quite  a  different 
form,  the  maximum  height  being  the  same  as  before — • 
viz.  that  corresponding  to  the  saturation  current.  The 
height  was  in  fact  for  the  same  heating  current  exactly 
that  obtained  with  the  high-tension  transformer.     The 


DR.   MORTON,   MAJOR   PHILLIPS,   AND   MR,   WRIGHT. 


741 


effect  of  a  gap  in  the  secondarj'  [Fig.  F{d)]  is  much 
the  same  as  before,  but  there  is  the  same  saturation 
current  with,  however,  a  slight  initial  peak,  not  visible 
with  the  gap  absent.     I  think  this  is  due  to  an  accumu- 


(«) 


Hardness      2-5cm.pts. 
Current  3  ma. 

Kectjfier      Small  gap 


(^) 


Hardness  Uicmpts.     I5cm.pts.  iscm.pts 

Current       48  ma.        4-8  ma.  3-5mA. 

Rectrfier  Small  gap     Small  gap  Large  gap 

Self-rectifying  Heated   Filament  Tube, 
Constant    Heating  Current 

t'lG.  F. — Oscilloscope  curves. 


lation  of  electrons  during  the  period  of  rest,  and  the 
more  sudden  application  of  the  high  voltage  with  the 
spark-gap  in  the  secondary  gives  a  higher  current- 
density  for  a  very  short  interval,  after  which  it  settles 


Hardness       ecmpts 
Current  i  irLa. 

Rectifier  ft     Small  gap 


locm.pts, 

im-a. 
large  gap 


Hardness  i2-5cm.pts. 
Current        zm.a. 
Rectifier   Small  gap 

Tungsten  Target  Gas  Tube 
Fig.  G. — Oscilloscope  curves. 

down  to  the  saturation  current  until  the  voltage  again 
falls  below  the  saturation  value.  Fig.  G  shows  a 
similar  experiment  with  a  gas  tube,  and  it  is  seen  that 
a  different  result  altogether  is  obtained.  There  are 
oscillations  taking  place  after  the  initial  maximum  has 
been  reached,  and  the  height  of  the  curve  is  verj'  different 

Vol.  58. 


for  different  conditions,  a  result  which  is  to  be  expected 
from  the  nature  of  the  characteristic  curve.  So,  really, 
I  do  not  think  the  oscilloscope  can  be  taken  to  indicate 
voltage  at  aU  well ;  but  the  experiments  I  have  made 
certainly  agree  with  Dr.  Morton's  in  showing  that  the 
effect  of  the  spark-gap  in  the  secondary  circuit  is  to 
cut  out  the  low-voltage  current.  I  think  the  proper 
wave-form  is  one  in  which  the  voltage  rises  immediately 
to  the  high  value  corresponding  to  the  requisite  pene- 
tration of  ray,  remains  there  for  the  time  it  is  required, 
and  then  returns  to  zero,  so  that  we  do  not  get  any 
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-Energy  distribution  in  X-ray  spectrum. 
(Duane  and  Hunt.) 


of  those  low-voltage  currents  passing  at  all.  It  does 
not  follow  that  there  will  be  no  soft  radiation  under 
these  conditions,  as  seems  to  be  supposed  by  many. 
Fig.  H  shows  the  form  of  the  continuous  X-ray 
spectrum  obtained  with  a  constant  voltage  of  40,000 
appHed  to  the  X-ray  tube.  The  curve  is  copied  from 
a  paper  by  Duane  and  Hunt.     It  will  be  noticed  that 
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Thickness   of  aiuminium 

Fig.  J. — Absorption  curves  ;  X-rays  in  aluminium. 
(E.  J.  Evans.) 

ionization  as  a  measure  of  intensity  is  plotted  vertically 
against  wave-length  horizontally.  Although  we  have 
a  constant  voltage  apphed  to  the  tube,  it  does  not  follow 
that  we  are  getting  homogeneous  rays  ;  in  fact  we  get 
a  whole  spectrum,  and  it  is  just  the  minimum  wave- 
length of  this  spectrum  which  is  related  to  the  voltage 
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by  the  well-known  quantum  relationship.  There  is  one 
other  point  of  interest  I  should  like  to  touch  on,  and 
I  think  it  is  important.  Mr.  E.  J.  Evans  has  carried 
out  in  my  laboratory  a  series  of  experiments,  the  results 
of  which  are  not  yet  published,  but  which  he  has  kindly 
permitted  me  to  mention.  The  quahty  of  the  X-radia- 
tion  from  tubes  excited  by  different  machines  has  been 
examined  by  absorption  methods.  Fig.  J  shows  the 
type  of  result,  which  is  not  altogether  new  except 
that  the  curves  have  been  obtained  under  more  practical 
conditions  than  previously.  Similar  results  have  been 
obtained  by  Russ  and  by  Rutherford.  The  logarithms 
of  the  intensities  of  the  radiation  getting  through 
various  thicknesses  of  aluminium  are  plotted,  and  it 
will  be  observed  that  after  absorption  through  lo  or 
12  mm.  the  curves  become  straight,  which  indicates 
that  the  transmitted  radiation  is  sensibly  homogeneous. 
It    would    therefore    appear    that    after    transmission 
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Fig.   K. — Absorption  curve  ;    X-rays  in  almniniuni. 
(E.  J.  Evans.) 


through  the  human  body,  assuming  the  absence  of 
secondary  characteristic  radiation,  or  through  a  thick 
filter,  the  X-rays  approach  homogeneity.  I  do  not 
think  this  fact  is  sufficiently  well  reahzed  by  radiologists. 
The  last  slide,  Fig.  K,  shows  the  type  of  absorption 
curve,  the  ordinates  in  this  case  being  a  measure  of 
intensity,  and  it  will  be  seen  to  what  a  large  extent 
the  radiation  is  cut  down  by  lo  mm.  of  aluminium. 
In  the  example  given  in  the  shde,  taken  from  results 
with  the  American  army-pattern  portable  transformer, 
it  amounts  to  as  much  as  94  per  cent — i.e.  only  6  per 
cent  of  the  emitted  radiation  is  transmitted  through 
the  aluminium.  We  have  been  trying  to  correlate  the 
hardness  of  the  homogeneous  end  radiation  obtained 
from  various  machines  with  the  voltage  apphed  to  the 
tube,  but  without  success.  For  the  same  spark-gap 
different  hardnesses  of  end  radiation  are  obtained  with 
different  macliines.  We  have  used  a  coil,  a  Snook 
transformer,  and  an  American  portable  transformer. 
Spheres  of  5  cm.  diameter  have  been  used  for  measuring 


the  equivalent  spark-gap.     It  appears,   therefore,  that 

the  spark-gap  is  not  a  proper  indication  of  the  hardness 

of  the  end  radiation.     However,  if  we  take  a  different 

criterion,   viz.   the  same  hardness  of  end  radiation  for 

different  machines,  we  find,  on  plotting  out  our  absorption 

curves,   that  they  are   coincident  within  the  limits   of 

experimental  error.     It  would  therefore  appear  from  this 

result — and   we   are   hoping   to   investigate   the  matter 

more  closely — that  we  get  the  same  quality  of  radiation 

emitted  from  the  tube  by  whichever  type  of  machine 

we  excite  it,  so  long  as  the  conditions  are  such  that  the 

same  end   radiation  is  produced.     The  surplus  energy 

supplied,  which  is  different  apparently  with  the  various 

machines,  is  absorbed  in  the  tube,  and  we  have  the  same 

radiation    emitted.     The    difference   in    the   amount    of 

energy    supplied    is    probably    the    low-voltage    energy 

referred  to  earher,  wliich  does  not  produce  any  useful 

X-rays.    I  think  Mr.  Evans's  observations,  if  they  prove 

ultimately  to  be  correct,  are  extremely  important,  and 

will  help  to  elucidate  the  problem  of  X-ray  production. 

In  conclusion,   I   should  like  to  say  that   I  think  the 

future  of  the  question  under  discussion  to-night  depends 

very  largely  on  the  physicist.     I  do  not  think  we  are 

really   in   a   position   yet   to   tell   the   engineer   exactly 

what  we  want.     I  should  like  to  make  an  appeal  to 

the  manufacturers  of  X-ray  apparatus.     I  think  if  they 

would   lend   apparatus   to   physicists   who   are   working 

in  this  direction  a  great  advance  could  be  made.     The 

difficulty  at  present  is  that  with  our  limited  types  of 

apparatus  we  are  not  able  to  vary  the  conditions  of 

X-ray  production  sufficiently  to  enable  us  to  ascertain 

in  what  direction  improvements  should  be  made. 

Mr.  H.  M.  Dowsett   (communicated)  :    The  important 
fact  which  has  been  established  is  that  the  milliampere 
discharge  from  an  induction  coil  is  much  more  efficient 
for  radiographv  than  the  same  current  from  a  trans- 
former.    Mr.  Wright  is  inclined  to  blame  the  induction- 
coil  ammeter  for  reading  low,   but  there  is  no  reason 
why  this  should  be  the  case  provided  a  hot-wire  instru- 
ment  is   used   with  a  period   which  is   long  compared 
with  that  of  the  coil  interrupter,  and  it  is  constructed 
so    that    it    is    absolutely    independent    of    frequency, 
instruments  of  this  type  being  now  easily  obtainable. 
One  advantage  of  the  induction  coil  is  that  the  highly 
damped    discharge    involves    superposed    current    fre- 
quencies ranging  from  500   cycles  to   5,000   cycles  and 
possibly  higher,  so  that  the  initial  current  and  potential 
rises  are  very  steep  and  a  minimum  amount  of  energy 
is  therefore  wasted  in  heat  before  the  potential  apphed 
to  the  tube  reaches  a  value  which  is  useful  for  radio- 
graphy.    The  X-ray  tube  appears  to  be  triggered  by 
a  fifth  or  ninth  harmonic  of  the  natural  period  of  the 
coil  secondary,  while  the  working  current  is  provided 
mainly  by  the  fundamental  and  third  harmonic.  Another 
advantage  is  the  interval  between  the  discharges  which 
enables   the   X-ray   tube  partly   to   de-ionize   and   a'.so 
to  cool.     The  result  of  this  is  that  at  the  first  moment 
of   each   discharge   the    electrons    have    an    extra   high 
speed,  and  as  the  temperature-rise  is  reduced  the  tube 
has  a  longer  life.     The  interval  is,  however,  needlessly 
long,   particularly  with  large   coils,  and   one  object   of 
design   should   be   to   lessen   it.     Before   proceeding   to 
offer   some    criticisms    of   suggestions   put   forward    by 
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one  or  two  speakers  I  should  like  to  give  my  conception 
of  how  an  induction  coil  works.  A  discussion  of  this 
subject  should  not  be  out  of  place  here,  and  ought  to 
be  beneficial,  particularly  as  no  complete  theory  of 
the  machine  has  yet  been  evolved,  although  the  useful 
investigations  of  \V.  H.  Wilson  in  1912  and  E.  Taylor 
Jones  in  1914  may  be  mentioned  as  having  added  to 
our  general  knowledge.  My  conclusions  are  based  on 
the  results  of  some  recent  tests  which  I  have  made 
on  a  Marconi  lo-inch  coil.  The  induction  coil  com- 
prises three  tightly-coupled  oscillatory  circuits  :  (i)  The 
secondary  circuit,  which  has  a  fixed  period  and  is  con- 
siderably damped,  and  comprises  the  secondary  winding. 
(2)  The  priman,'  circuit,  which  has  an  adjustable  period 
and  less  damping  than  the  secondary  and  comprises 
the  primary  winding  and  the  coil  condenser.  (3)  The 
interrupter  circuit,  which  has  an  extremely  short  period 
and  high  damping,  and  comprises  the  interrupter  con- 
denser, the  leads  to  the  interrupter,  and  the  interrupter 
itself  across  which  a  discharge  takes  place  as  long  as 
the  direct-current  arc  at  the  break  continues.  The 
secondary  winding  on  open  circuit  oscillates  as  a  coil 
with  two  free  ends  ;  the  primary  winding  on  spark 
load  as  a  coil  with  one  free  end,  that  connected  to  the 
condenser  ;  the  interrupter  circuit  with  one  side  of  the 
condenser  (that  connected  to  the  mains)  practically 
earthed,  while  the  other  side  makes  a  strong  capacity 
couphng  to  the  primary  winding.  Energy  is  first 
stored  up  in  the  form  of  a  magnetic  field  which  cuts 
both  the  primary  and  secondary  windings  by  passing 
a  direct  current  through  the  primary'.  It  is  then 
released  by  the  stoppage,  more  or  less  complete,  of 
the  direct  current  owing  to  the  opening  of  the  interrupter 
contacts,  and  back  electromotive  forces  induced  simul- 
taneously in  both  circuits  cause  in-phase  currents  which 
flow  in  one  case  into  the  interrupter  condenser,  and 
in  the  other  into  the  self-capacity  of  the  winding.  If 
the  coil  is  to  produce  the  longest  spark  possible  in  the 
first  oscillation,  the  whole  of  the  magnetic  field  must 
be  available  to  be  taken  up  by  the  secondary  winding. 
This  means  that  the  magnetic  energy  taken  up  by  the 
primary  must  be  given  up  again  to  the  iron  within 
the  period  of  the  first  oscillation  of  secondary  current 
so  that  it  can  feed  this  oscillation.  Such  an  adjustment 
is  obtained  when  the  primary  circuit  has  half  the  period 
of  the  secondary  circuit.  The  primarj'  oscillarion  then 
dies  out,  feeding  the  secondary  oscillation,  being  also 
damped  by  the  resistance  leakage  across  the  interrupter 
contacts,  and  if  a  suitable  spark  discharge  takes  place 
all  the  coil  energ>'  disappears.  But  if  the  discharge 
is  not  complete  and  current  remains  in  the  secondary 
winding,  it  forces  an  oscillation  at  its  own  period  back 
on  the  primary,  which  results  in  a  leading  current,  high 
potential  on  the  interrupter  condenser,  and  a  knocking 
break.  As  the  interrupter  contacts  open  and  the 
direct  current  falls,  the  back  electromotive  force  pro- 
duced by  the  falhng  magnetic  field  besides  creating 
a  rising  condenser  current  also  tends  to  maintain  the 
direct  current  by  an  arc  between  the  contacts.  The 
sudden  charge  of  the  condenser,  however,  starts  in  the 
interrupter  circuit  a  high-frequency  current  which  is 
superposed  on  the  arc,  upsets  its  unidirectional  character, 
and  finally  destroys  it  by  its  periodic  oscillations  through 


zero.  I  have  not  been  able  to  trace  any  effect  in  the 
secondary  circuit  which  can  be  said  definitely  to  be 
due  to  the  direct  action  of  these  high-frequency  currents. 
Indirectly,  of  course,  the  more  effectively  the  arc  is 
quenched  the  more  magnetic  energy  is  available  for 
transformation  into  secondary  current.  Given  a  pro- 
perly adjusted  coil  the  maximum  secondary  voltage, 
and  therefore  the  spark  length,  is  proportional  to:  (i) 
the  magnetic  field  and  therefore  the  primary  ampere- 
turns  ;  (2)  the  proportion  of  this  field  cut  by  the  second- 
ary, and  therefore  the  coupling  between  the  two  windings; 
(3)  the  rate  at  which  the  field  dies  away,  and  therefore 
the  natural  frequency  of  the  secondary  circuit ;  (4)  the 
inductance  of  the  secondary  winding  ;  (5)  the  inverse 
of  the  decrement  of  the  secondarj'  circuit.  The  sudden 
method  employed  of  starting  oscillations  in  the  two 
windings  is  a  form  of  shock  excitation,  and  therefore 
results  in  the  oscillations  being  full  of  harmonics.  When 
a  spark  is  taken  at  less  than  the  maximum  the  current 
is  not  giv-en  time  to  rise  to  its  full  value,  and  the  oscil- 
lations show  the  frequency  of  the  harmonic  corresponding 
to  the  shortened  period.  Some  values  obtained  from 
the  Marconi   lo-inch  coil  experimented  \vith  are  : — 

Secondary  winding  inductance,  470  henries. 
,,  ,,  self-capacity,   210  cm. 

,,  .,  resistance,  6,650  ohms. 

,,  ,,  natural  frequency,  480  rsi  per  sec. 

Critical  damping  resistance,  2-84  x  10^  ohms. 
Coupling  with  primary  circuit,  70  %. 
Proportion  of  total  field  taken  up  by  secondary  on  open 

circuit,  41  %. 
Proportion  of  total  field  taken  up  by  secondary  on  spark 

load,  >  41  %  and  <  70  %. 
Primary  winding  inductance,  0-0375  henry. 

,,  ,,      resistance,  0-2  ohm. 

Capacity  of  interrupted  condenser,  o-  7  mfd. 
Primary  circuit  natural  frequency,  984  t\j  per  sec. 
Critical  damping  resistance,  462-6  ohms. 
Frequency  of   primary  circuit  oscillations  from  oscillo- 
gram, about  500  f\j  per  sec. 
Interrupter  circuit  natural  frequency,  265,300  ro  per  sec. 

,,  ,,  inductance,  0-5  micro-henry. 

Critical  damping  resistance,  i  -  73  ohms. 
Interrupter  vibrations  max.  spark  length,  45  per  sec. 

When  sparking  with  4-inch  bulb  X-ray  tube  on  2-inch 
point  spark  : — 

Interrupter  vibrations,  75  per  sec. 

Frequency  of  primary  circuit  oscillations  from  oscillo- 
gram, about  1,500  r\j  per  sec. 

Some  hard  and  some  soft  4-inch  X-ray  tubes  were 
tested  and  found  to  have  resistances  when  un-ionized 
from  1-5X  10"  ohms  down  to  3  x  10'°  ohms  and,  when 
glowing,  resistances  which  ranged  from  15  x  10*  ohms 
down  to  1-5x10*  ohms.  The  electrostatic  capacity  of 
such  tubes  is  about  20  cm.  It  is  clear  from  the 
above  figures  that  if  the  spark  discharge  has  a  greater 
resistance  than  3  megohms  it  will  be  entirely  unidirec- 
tional ;  if  it  has  a  less  resistance  the  discharge  will  be 
oscillatory,  and  in  the  case  of  some  of  the  X-ray  tubes 
tested  each  train  should  contain  a  few  oscillations. 
But   it   must   not   be   overlooked  that   as   long   as   the 
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electrostatic  capacity  of  the  tube  is  small  compared 
with  the  self-capacity  of  the  coil,  there  will  be  an  oscil- 
latory current  in  the  secondary  winding  independent 
of  whether  the  discharge  is  oscillatory  or  not.  The 
resistances  of  air-gaps  and  tubes  becomes  less  as 
ionization  proceeds,  and  the  second  and  third  secondary 
winding  oscillations  maj^  under  certain  conditions  be 
quite  useful  in  providing  additional  energy  for  the 
discharge  at  a  lower  potential.  It  should  now  be  clear 
why  a  smaller  wire  than  No.  36  copper,  as  mentioned 
by  Major  Phillips,  does  not  give  better  results  in  the 
average  coil.  The  same  length  of  wire  will  take  up 
smaller  space,  so  that  both  the  self-capacity  and  the 
inductance  will  be  greater  and  the  resistance  will  also 
be  greater.  The  period  will  therefore  be  slower,  the 
maximum  terminal  potential  diffeience  and  the  secondary 
current  will  be  less  and  the  damping  greater,  and  a 
larger  condenser  will  be  required  across  the  interrupter. 
If  aluminium  wire  is  used  which  has  the  same  gauge 
and  insulation  as  the  copper,  the  only  constant  altered 
will  be  the  internal  resistance.  The  maximum  spark 
and  secondary  current  will  be  less,  and  the  heating 
in  the  winding  will  be  greater,  and  the  liability  of  the 
wire  to  break  from  ageing  and  mechanical  shock  will 
also  be  increased.  The  suggested  use  of  oil  for  coil 
insulation  would  involve  the  use  of  a  metal  container. 
This  would  cause  an  increase  in  the  capacity  of  the 
secondary  winding,  leading  to  a  decrease  in  spark 
length,  an  increase  in  oscillation  period,  and,  for  best 
results,  an  increase  in  the  capacity  of  the  interrupter 
condenser.  In  comparing  the  induction  coil  with 
the  high-tension  transformer  it  is  not  fair  to  either 
to  disregard  the  opposite  principles  by  which  they 
work.  The  induction  coil  is  essentially  a  shock  machine 
and  gets  rid  of  all  its  energy  in  the  first  kick  of  the 
current.  The  transformer  either  transmits  the  same 
amount  of  energy  to  the  circuit  every  c^'cle,  or  else 
by  the  aid  of  resonance  gradually  works  up  the  energy 
in  the  circuit  to  a  maximum.  An  attempt  to  combine 
the  two  machines  in  one  by  injecting  a  condenser  into 
the  transfoimer  circuit  is  likely  to  lead  to  the  sacrifice 
of  the  best  points  of  both  of  them.  From  the  films 
shown  by  Dr.  Morton  the  King's  College  single-flash 
coil  appears  to  have  a  period  quite  comparable  with 
that  of  the  supply  used  for  the  high-tension  trans- 
former. As  each  discharge  in  a  spark  train  on  the 
coil  film  appears  to  grow  and  fade  away  gradually, 
the  wave-form  must  be  more  sinusoidal  and  the  oscil- 
lations less  damped  than  is  usual.  This  is  to  be  expected 
from  the  size  of  the  coil  and  its  consequent  high  induct- 
ance. P'inall}',  as  regards  the  measurement  of  peak 
voltage,  if  the  point  gap  is  likely  to  give  erratic  readings, 
the  sphere  gap,  due  to  its  capacity,  is  likely  to  introduce 
an  error.  A  gap  between  two  spheres  each  10  inches 
in  diameter  and  5  inches  apart  wUl  break  down  at 
200,000  volts  (maximum),  but  the  capacity  of  these 
spheres  will  be  273  cm.,  which  is  quite  comparable 
with  the  self-capacity  of  a  coil  likely  to  provide  such 
a  spark  and  will  therefore  reduce  the  coil  tenninal 
potential  difference.  To  avoid  such  error  the  sphere 
gap  could  be  charged  through  a  suitable  battery  of 
high-tension  thermionic  valves  which  pass  no  reverse 
current,    using   a  similar  circuit  to  the   one   employed 


by  Messrs.  Paterson  and  Campbell  *  for  the  measure- 
ment of  magneto  peak  voltage,  except  that  the  sphere 
gap  would  replace  the  electrostatic  voltmeter. 

Mr.  H.  S.  Holbrook  (communicated) :  It  is  interesting 
to  note  that  Dr.  jMorton  and  Major  Phillips  consider 
an  induction  coil  preferable  to  a  transformer,  and  that 
the  reason  suggested  is  the  form  of  the  secondary  E.M.F. 
wave  as  shown  in  Fig.  i  of  Dr.  Morton's  paper.  If 
the  penetration  is  proportional  to  the  maximum  value 
of  the  voltage  it  is  easy  to  see  that  such  a  curve  improves 
the  penetration  ;  but  why  should  it  give  more  actinism  ? 
It  would  be  useful  if  comparative  tests  were  made  on 
some  other  wave-forms  using,  for  example,  a  static 
influence  machine  or  the  new  high-tension  machine 
of  Messrs.  Evershed  &  Vignoles  mentioned  by  Major 
Phillips.  Has  either  of  these  authors  ever  obtained 
curves  of  the  current  through  an  X-ray  tube  by  an 
oscillograph,  cathode-ray  tube  or  otherwise  ?  These 
curves  could  help  to  explain  the  different  heating  of 
the  tube  when  excited  from  a  coil  or  from  a  transformer. 
The  curves  would  not  be  the  same  shape  as  the  voltage 
curves,  seeing  that  an  X-ray  tube  has  not  a  constant 
fixed  resistance  throughout  the  voltage  cycle.  With  a 
constant  resistance  the  heating  is  proportional  at  every 
instant  to  the  square  of  the  current  at  that  instant, 
and  over  a  complete  cycle  of  current  the  heating  is 
proportional  to  the  R.M.S.  value  of  the  current.  This 
is  usually  a  very  different  value  from  that  shown~by 
an  ordinary  milliammeter  which  measures  the  average 
value  of  the  current.  Has  either  of  the  authors'used 
in  his  experiments  an  instrument  giving  R.M.S. 
values  of  the  tube  current,  such  as  a  thermo-ammeter  ? 
The  wave-fonn  shown  in  Fig.  2  of  Dr.  Morton's  paper 
is  typical  of  a  single-phase  transformer  and  a  mechanical 
rectifier.  I  should  like  to  ask  Dr.  Morton  whether  he 
has  ever  tried  a  three-phase  transformer  and  a  set  of 
six  kenotrons  (hot-cathode  valve  tubes)  or  other  suitable 
rectifier.  Such  an  arrangement  gives  a  wave-form 
with  a  variation  of  only  13  per  cent  from  maximum  to 
minimum,  i.e.  it  varies  from  a  maximum  down  to 
■  87  per  cent  of  maximum  value  and  then  back  again, 
unlike  the  single-phase  arrangement  which  varies  from 
a  maximum  to  zero.  In  consequence  the  hardness  of 
the  X-rays  from  a  tube  excited  from  such  a  three- 
phase  set  would  be  very  uniform,  practically  all  the 
soft  rays  being  eliminated.  Moreover,  for  the  same 
maximum  voltage  the  three-phase  transformer  set 
would  pass  approximately  50  per  cent  more  current 
through  an  X-ray  tube  than  a  single-phase  transformer 
operating  under  the  same  conditions  would  do.  Would 
not  this  be  a  great  advantage  in  therapy  and  the  radio- 
graphy of  metals  and  help  to  shorten  exposures  ?  I 
do  not  think  there  will  be  any  difficulty  in  building 
transformers  for  any  voltage  that  future  developments 
may  require.  In  the  testing  departments  of  cable 
makers  and  the  big  manufacturing  companies  there 
exist  already  many  high-voltage  transformers.  For 
example,  I  have  a  photograph  here  of  a  single-phase 
transformer  in  the  high-voltage  laboratory  of  the 
General  Electric  Company  of  Schenectady,  U.S.A. 
(makers  of  the  Coolidge  tube),  which  transformer  is 
rated  at  750,000  volts  (R.M.S.)  or  for  a  peak  voltage 
*  Pliilosophkal  Magazine,  1919.  vol.  37,  p.  301, 
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of  over  1,000,000  volts.  That  transformer  occupies  a 
floor  space  of  13  ft.  x  8  ft.,  is  iji  ft.  liigh  to  the  top 
of  the  tanlc,  and  28  ft.  over -the  terminals.  These  dimen- 
sions are  large,  but  are  necessary  to  prevent  the  disas- 
trous "  effluve  "  mentioned  by  IMr.  \V right.  I  can 
assure  him  that  the  average  purchaser  of  power  trans- 
formers will  not  tolerate  the  least  sign  of  effluve  or 
corona.  It  is  common  practice  to  test  the  terminals 
of  such  testing  transformers  by  appljdng  50  per  cent 
over  normal  voltage  in  the  dark.  Of  course  the  customer 
has  to  take  the  manufacturer's  word  that  things  are 
all  right  underneath  the  oil,  but  some  customers  call 
for  the  drawings  and,  choosing  a  part  they  think  looks 
doubtful,  pay  for  a  full-size  model  of  that  part  to  be 
made  and  tested  in  a  tank  under  oil,  and  again  in  the 
dark  but  with  otherwise  unimpeded  vision,  to  see  if 
they  can  detect  the  slightest  sign  of  leakage.  Another 
photograph  which  I  have  here  shows  a  smaller  trans- 
former by  the  same  company,  rated  at  300,000  volts 
(R.M.S.),  and  a  further  photograph  shows  an  arc  between 
terminals  43  inches  apart.  The  arc  was  produced  at 
an  R.M.S.  voltage  of  362,000  or  a  peak  of  510,000  volts, 
and  w^as  25  ft.  long.  I  gather  that  the  milliammeter 
reading  of  the  current  through  the  X-ray  tube  is  no 
certain  measure  of  the  quantity  of  X-rays  produced. 
Some  years  ago  I  heard  of  an  "  inten.simeter  "  using 
a  .selenium  cell  which  was  said  to  indicate  quantity 
directly.  Have  the  authors  had  any  experience  in 
the  use  of  such  an  instrument  ? 

Dr.  R.  Morton  {in  reply,  communicated)  :  In  view 
of  the  discussion  being  only  postponed  and  not  yet 
ended,  and  considering  the  high  probability  of  some 
very  important  matters  being  brought  forward  at  the 
next  meeting,  comments  made  at  this  stage  must  be 
of  a  very  tentative  character  as  well  as  lacking  in 
completeness.  I  think  all  will  agree  that  the  holding 
of  this  discussion  has  been  more  than  fully  justified. 
The  co-operation  of  the  members  of  the  Institution 
of  Electrical  Engineers  and  the  Rontgen  Society, 
with  their  vast  knowledge  of  physics  and  engineering, 
has  carried  the  subject  far  beyond  anything  that  could 
possibly  be  attained  in  any  meeting  of  radiologists. 
It  would,  indeed,  appear  that  the  latter  stand  to  gain 
the  most ;  but  with  the  rapidly  growing  recognition 
of  the  value  of  the  X-rays  for  industrial  and  other 
non-medical  investigations,  I  have  more  than  a  hope 
that  it  will  be  not  so  one-sided  as  this. 

With  regard  to  my  paper,  I  wish  to  apologize  for  a 
certain  looseness  of  expression  and  other  inaccuracies, 
though  probably  none  of  them  are  very  serious  under 
the  circumstances.  Such  errors  are  sure  to  crop  up 
when  a  subject  of  this  kind  is  tackled  by  one  who  is 
neither  a  physicist  nor  an  electrical  engineer.  Mr. 
Clinker  is  quite  correct  in  his  criticism  of  Fig.  I  and  also 
when  referring  to  my  use  of  the  terms  "  voltage  " 
and  "  current."  These  are  of  course  very  different, 
and  yet  they  mean  very  much  the  same  tiring  to  the 
practical  radiologist.  With  any  normal  tube  of  the 
gas  type,  with  which  we  are  perhaps  most  familiar, 
the  resistance  of  the  secondary  circuit  remains  sensibly 
constant  during  any  ordinary  use  for  either  diagnosis 
or  treatment,  and  any  variation  of  voltage  is  immediately 
accompanied  by  a  corresponding  variation  of  current. 


The  Coolidge  tube  has  altered  all  this  and  we  must 
remember  to  be  more  careful  in  future. 

Taking  the  discussion  as  a  whole  and  in  so  far  as  it 
applies  to  the  particular  points  raised  in  my  paper, 
I  have  every  reason  to  be  content.  It  appears  to  be 
quite  generally  agreed  that  efficient  radiation  demands 
an  extremely  high  electron  velocity,  and  tliis  depends 
on  a  correspondingly  high  voltage.  The  high  efficiency 
of  the  coil  as  compared  with  the  transformer,  notwith- 
standing its  smaller  output,  is  due,  as  Mr.  Dowsett 
points  out,  to  its  being  a  shock  machine,  getting  rid 
of  all  its  energy  in  the  first  kick  of  the  current.  There 
seems  to  be  no  doubt  that,  whatever  be  the  means 
of  generating  current  for  the  X-ray  tube,  the  efficiency 
of  the  group  will  steadily  increase  the  more  the  inflow 
partakes  of  the  element  of  shock.  If  we  could  have 
a  transformer  of  the  Snook  type  that  would  give  us, 
say,  1,000  impulses  per  second  instead  of  the  usual 
100,  or  thereabouts,  efficiency  would  rise  enormously. 
A  sine  curve  and  radiation  efficiency  are  not  incom- 
patible provided  the  periodicity  be  sufficiently  high  to 
give  the  necessary  abrupt  rise  in  voltage.  The  film  of 
the  single-flash  coil  illustrates  this  quite  clearly.  There 
is  one  point  on  wlrich  I  have  been  partly  misunderstood. 
Mr.  Holbrook,  for  instance,  states  that  I  consider  the 
coil  preferable  to  the  transformer  ;  this  is  only  partly 
true.  I  prefer  the  coil  for  some  things — the  transformer 
for  others.  The  latter,  if  of  large  capacity,  enables 
us  to  get  results  easily  that  are  difficult  or  impossible 
to  obtain  with  a  coil,  but  it  does  so  at  the  cost  of  an 
enormous  waste  of  energy.  I  have  tried  to  confine 
myself  to  the  matter  of  the  relative  efficiencies  of  the 
two  systems — not  their  possibihties — and  we  want 
if  possible  to  turn  all  this  wasted  energy  of  the  trans- 
former into  useful  radiation.  At  present  there  is 
far  too  much  low-voltage  current  producing  useless 
radiation  and  heat  that  is  very  damaging  to  X-ray 
tubes.  This  is  not  so  serious  with  a  Coolidge  tube, 
and  the  efficiency  of  the  transformer  is  higher  for 
obvious  reasons  ;  and  for  the  same  reasons,  as  Dr. 
Owen  points  out,  this  efficiency  continues  to  rise  with 
a  rise  of  voltage  and  current  at  least  up  to  a  certain 
point.  This  observation  brings  to  my  mind  a  matter 
I  have  thought  of  at  intervals  for  some  years  past, 
and  one  that  seems  to  be  worth  considering  at  this 
juncture.  Is  it  not  possible  that  we  have  almost, 
if  not  quite,  reached  the  limits  of  the  X-ray  tube  as 
at  present  constructed  .-'  The  power  of  the  larger  X-ray 
plants  has  increased  enormously  during  the  last  10 
years  or  so,  but  there  has  been  no  corresponding 
radiological  gain.  This  has  been  almost  trifling  by 
comparison. 

In  conclusion  I  wish  to  express  my  thanks  for  the 
kind  attention  accorded  to  my  paper,  and  more 
particularly  to  those  who  have  contributed  to  the 
discussion.  Their  observations  and  criticisms  have 
been  most  helpful,  and  I  am  grateful  to  them,  one 
and  all.  In  saying  tliis  for  myself  I  am  also  e.xpressing 
what  is  in  the  minds  of  all  my  colleagues  in  the  Electro- 
therapeutics Section  of  the  Royal  Society  of  Medicine. 

Major  C.  E.  S.  Phillips  {in  reply,  communicated): 
\\'ith  regard  to  the  references  made  during  the  dis- 
cussion to  some  of  the  points  raised  in  my  paper,  it 
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may  be  of  interest,  in  connection  with  Professor  Salo- 
monson's  valuable  contribution,  to  point  out  that  during 
the  war,  and  at  the  suggestion  of  Mr.  Brinkworth,  a 
practically  non-inductive  resistance  consisting  of  a 
strearn  of  water  flowing  in  glass  tubes  was  set  up  for 
the  comparison  of  output  of  various  induction  coils 
at  the  War  Office  X-Ray  Laboratory. 

The  fact  that  a  Coolidge  tube  does  not  emit  X-radia- 
tion  until  the  potential  difference  at  its  terminals  reaches 
10,000  volts  appears  to  explain  Mr.  Clinker's  result. 

In  reply  to  Mr.  Burnand,  I  wish  to  point  out  that 
there  is  certainly  much  to  be  said  against  attempts  to 
obtain  the  2,000,000  volts  by  means  of  a  transformer. 
The  question  is  under  consideration  in  several  directions 
and  a  number  of  different  schemes  have  been  suggested 
already,  none  of  them  as  far  as  I  know  involving  the 
use  of  a  transformer.  I  venture  to  predict  that  a  practical 
solution  will  be  found  before  long.  It  is  necessary  to 
realize  that  a  special  type  of  X-ray  tube  must  also 
be  evoh-ed  for  use  at  this  enormous  pressure,  or  a 
modern  tube  made  with  increased  length. 

We  must  all'be  obliged  to  Mr.  Dowsett  for  his  attempt 
to  simplify  the  complicated  problem  of  induction  coil 
design  and  for  his  explanation  as  to  the  best  size  of 
wire  for  the  secondary.  I  advocated  the  use  of  aluminium 
in  cases  where  the  saving  of  every  ounce  of  weight  is 
of  importance  ;  even  to  the  point  of  some  loss  of  ray 
efficiency  of  the  apparatus  as  a  whole.  I  do  not  agree 
that  if  oil  were  used  the  container  must  be  made  of 
metal. 

The  aim  of  the  "  injector  "  method  is  to  give  a 
primary  current  curve  exactly  resembling  that  obtained 
with  an  induction  coil.  It  is  reasonable  to  expect  that 
with  a  suitable  secondary  and  an  open  magnetic  circuit 
the  same  type  of  secondary  discharge  would  be  obtained 
as  with  a  coil.  That  should  give  less  heating  of  the 
tube  and  therefore  increased  ray  efficiency  without 
the  limitation  due  to  the  use  of  interrupters. 

In  reply  to  INIr.  Holbrook,  I  have  no  records  of  the 
current  variation  referred  to.  It  is  a  difficult  matter, 
but  Professor  T.  Jones  has  suggested  a  method  which 
I  understand  is  being  applied  to  the  problem  referred 
to.  I  have  had  some  experience  with  selenium  cells 
but  always  found  that  they  showed  deterioration  with 
time.  It  is  certainly  desirable  to  make  new  attempts 
to  produce  a  constant  selenium  cell,  and  I  would  suggest 
that  its  sensitiveness  for  X-ray  work  could  be  increased 
by  enclosing  it  in  a  box  coated  upon  its  inner  walls 
with  some  of  the  material  used  for  modern  intensifying 
screens,  so  that  the  action  of  the  fluorescent  light  would 
add  its  effect  upon  the  cell  to  that  of  the  direct 
radiation. 

Mr.  R.  S.  Wright  (m  reply,  communicated)  :  I 
think  the  remarks  of  the  various  speakers  thoroughly 
justify  the  statement  I  made,  viz.  that  the  whole  subject 
is  one  about  which  we  know  very  little.  The  general 
trend  of  opinion  at  present  .seems  to  be  that  on  the 
whole  the  coil  is  best  for  therapy  and  the  interrupterless 
machine  for  radiography,  also  that  the  wave-form  is 
important  with  a  gas  tube  but  not   to  the  same  extent 


with  a  Coolidge  tube.  Exactly  what  wave-form  is 
most  desirable  is  not  apparently  quite  so  clear,  and 
we  are  as  far  as  ever  from  finding  any  really  satisfactory 
means  of  reading  the  output  in  terms  of  efficient  X-ray 
radiation. 

The  figures  put  forward  by  Major  Kaye  to  the  effect 
that  the  proportion  of  energy  used  to  the  final  effective 
radiation  is  approximately  10,000  to  i  are  probably 
within  the  mark,  but  the  bulk  of  the  loss  is  in  the  tube 
itself  and  not  in  the  transformer,  which  Major  Kaye 
estimates  as  having  an  efficiency  of  00  per  cent.  In 
my  opinion  this  figure  is  much  too  high,  though  I  notice 
that  Profes.sor  Salomonson  practically  corroborates  it, 
but  even  if  we  put  it  at  70  per  cent  it  is  evident  that 
the  production  of  a  wave-form  which  will  give  us  a 
greater  ratio  of  efficiency  in  the  tube  is  more  important 
than  increasing  the  efficiency  of  the  transformer. 

Dr.  Owen  has  contributed  some  valuable  data  which 
have  an  important  bearing  on  the  question  of  coil  versus 
transformer.  If  his  figures  are  correct  they  tend  to 
show,  for  therapy  at  least,  that  a  coil  is  of  little  use 
with  big  outputs,  whereas  with  a  transformer  the  effec- 
tive radiation  is  pro  rata  to  the  current.  Probably 
Dr.  Owen's  results  will  be  criticized  by  others,  and  I 
do  not  imagine  that  he  puts  them  forward  as  conclusive, 
but  so  far  as  they  go  they  support  the  contention  that 
a  transformer  is  essentially  an  instrument  for  heavy 
outputs,  while  a  coil  is  inherently  suitable  for  producing 
rays  of  greater  penetration  but  less  intensity. 

With  regard  to  the  question  of  insulation,  I  am  duly 
grateful  for  the  suggestions  put  forward.  Professor 
Fortescue  suggests  that  a  careful  study  of  the  elemen- 
tary laws  of  electric  fields  would  solve  the  problem 
that  I  and  others  have  been  investigating  for  over  20 
years.  I  wish  that  he  would  indicate  to  me  how  the 
desired  result  could  be  obtained,  and,  incidentally, 
the  knowledge  would  be  worth  a  small  fortune. 

Mr,  Holbrook  has  criticized  me  even  more,  and 
assures  me  that  in  power  transformers  the  effluve 
that  we  are  trying  hard  to  get  rid  of  w-ould  not  be 
tolerated.  He  has,  however,  gone  further  than  Professor 
Fortescue  and  given  us  his  solution,  which  is  a  trans- 
former measuring  13  ft.  x  8  ft.  x  15J  ft.  high  and  28  ft. 
between  the  terminals.  It  is  true  that  this  transformer 
gives  a  highei-  voltage  than  we  are  at  present  looking 
for,  but  does  Mr.  Holbrook  imagine  that  an  instrument 
measuring  a  fraction  of  these  dimensions  would  be 
"  tolerated  "  in  an  average  doctor's  consulting  room, 
or  even  that  it  could  lie  got  through  the  door  ? 

Apparently  Mr.  Burnand  is  actually  constructing 
a  very  similar  apparatus  which  is  to  weigh  2  tons. 
If  he  will  let  me  know  when  it  is  ready  I  shall  be  delighted 
to  risk  a  tube  or  two  in  trying  it. 

Finally,  with  all  due  respect  to  Major  Phillips,  I 
must  reiterate  that  the  only  real  danger  to  insulation 
lies  in  the  secondary  windings,  and  if  he  is  having  trouble 
with  condense! s  either  the  coils  he  is  using  are  badly 
designed,  i.e.  without  due  regard  to  what  Professor 
Fortescue  calls  the  "  elementary  laws  of  electric  fields," 
or  the  condensers  themselves  are  of  faulty  construction. 
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DEFECTS    IX    ELECTRICITY    METERS. 

By  Walter  Lawsox,  Associate  Member. 

(Paper  received  26  March,  and  read  before  the   South  Midlaxd  Centre,    14  April,   1920.) 


This  subject  is  important  both  by  reason  of  its  bearing 
on  the  cost  of  meter  maintenance,  and  as  affecting  the 
correct  registration  of  energy  in  generating  stations 
and    on    consumers'    premises.     Nevertheless,    only   an 


which  do  not  come  ^\'ithin  these  three  classes  are  mechani- 
callj'  defective,  and  the  nature  of  their  defects  is  ascer- 
tained in  the  Repairs  Department.  A  meter  may  have 
several  defects,  but  in  the  following  table,  in  order  to 


G>ndition  when  Removed 


No.  of  Meteis 


Remarks 


Correct 

1 

[         101 

315 

331 



Fast             

'           15 

i5 

47 

Average  error  5  % 

Slow 

30 

5° 

10 

. — 

Armature  peeling 

6 

49 

109 

Absent  in  later  meters, 
recur 

Win  not 

Mercury-  oxidized 

24 

7° 

9 

— 

Armature  clogged  between  poles 

3 

'            34* 

76* 

— 

Armature-bearing  jewel  worn     .  . 

6 

9 

16 

— 

Counter  defective 

17 

24t 

58t 

— 

Stopped  by  corrosion 

7 

25 

— 

. — . 

Damaged  by  overload 

6 

7 

I 

— 

Total  Xo.  of  meters  removed      .  . 

215 

618 

657 

Percentage  defective        

52-9 

49-0 

49-7 

— 

*  Trouble  largely  eliminated. 

insignificant  amount  of  published  information  is  avail- 
able relating  to  this  particular  aspect  of  metering. 
Such  treatises  on  electricity  meters  as  can  be  obtained 
in  this  country  deal  exhaustively  with  the  theor\'  and 
design  of  all  the  well-known  types,  but  make  no  refer- 
ence to  the  relative  reliability  of  the  various  instruments 
when  working  under  service  conditions.  Possibly  this 
is  due  to  absence  of  the  necessary  statistics  on  which 
to  base  statements  under  this  head. 

The  system  of  ascertaining,  classifying  and  summariz- 
ing defects  which  I  shall  describe  I  adopted  some  15 
years  ago,  and  since  then  altogether  about  10,000  meters 
have  come  under  review.  The  method  is  briefly  this. 
Every  meter  remov^ed  from  ser\'ice  is  tested.  If  it  is 
within  the  B.O.T.  limits  of  error  it  is  classified  as  a 
correct  meter.  If  it  is  slow  beyond  the  limits  throughout 
its  range,  it  is  marked  down  as  a  slow  meter.  Similarly 
if  it  is  fast  throughout  it  is  termed  a  fast  meter.     Meters 


t  Mostly  cyclometer  counters ;  use  discontinued. 

avoid  complexit)',  each  defective  meter  is  classified 
under  its  dominant  defect.  The  table  represents  a 
comparative  summary  of  the  off-circuit  condition  of  a 
number  of  mercury  motor  meters  of  three  different 
patterns,  which  are  distinguished  by  the  letters  A,  B, 
and  C.  A  is  now  obsolete  ;  B  and  C  are  of  modem 
design.  AH  the  defects  enumerated  in  each  case  were 
those  which  developed  in  the  12  months  IMarch  1913  to 
March  1914.  Considering  the  much  greater  length  of 
ser\dce  of  the  old  type  meter,  the  modem  meters  could 
claim  no  superiority  in  point  of  reliabihty. 

The  degeneration  of  the  mercury  motor  meter  with 
advancing  years  of  service  is  illustrated  by  the  figures 
given  below.  The  meters  under  consideration  in  this 
case  were  aU  purchased  in  191 1.  The  percentage  defec- 
tive of  total  removed  from  ser\-ice  is  given  for  1912 
and  succeeding  j'ears. 

The  obvious  conclusion   which  one  arrives   at  from 


1914    1915    1916 


1917    1918    1919 


Percentage  defective  of  meters  removed . . 


23-5 


31-5         50 


78-5 


82  82 


75 
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such  figures  as  these  is  that  in  order  to  maintain  the 
meters  in  service  in  good  condition,  they  should  be 
exchanged  about  every  four  years,  whether  suspected 
of  being  faulty  or  not.  This  was  in  fact  our  standard 
practice  before  the  War,  but  during  the  War,  owing  to 
depletion  of  staff,  it  had  to  be  dropped.  The  effect  of 
this  on  the  condition  of  the  meters  is  strikingly  indi- 
cated by  comparing  the  statistics  of  "  stopped  "  meters 
for  the  years  1914  and  191 8. 


Year 

No.  of  Meters 
in  Service 

No.  of  Meters 

found 

Stopped 

Percentage 

of  Stopped 

Meters 

I914 

1918 

12,963 
14,607 

240 
468 

1-8 
3-2 

Alternating-current  Meters. 

Alternating-current  meters  have  a  pronounced  advan- 
tage over  direct-current  meters  in  that  their  defects 
usually  are  not  of  so  serious  an  order.  Stoppages  are 
rare  and,  moreover,  the  majority  of  the  defects  that 
arise  can  be  easily  and  quicldy  remedied.  The  subjoined 
table  is  interesting  mainly  as  showing  the  various  kinds 
of  defects  to  which  alternating-current  meters  are 
liable.     The  table  deals  with  a  heterogeneous  collection 

Low-tension  A.C.  Meters  Removed  from 
Service. 


Condition  of  Meters 
after  Testing 


No.  of 
Meters 


Correct 

229 

— 

Fast 

97 

Average  error  4  •  5  %  -}- 

Abnormally  fast     .  . 

22 

Average  error  10  %-|- 

Slow 

2.3 

Average  error  4  ■  5  %  — 

Jewel  bad    . . 

76 

Average  error  on  i/ioth 
load  =  - 10  % 

Pivot  broken 

3 

— ■ 

Pivot  worn 

I 

— 

Top  pin  broken 

4 

— 

Dirty  mechanism  .  . 

59 

Meters  slow  on  low  loads 

Counter  defective  .  . 

14 

— 

Creeping  on  shunt .  . 

114 

— 

Insulation  faulty    .  . 

I 

— 

Magnet    touching 

rotor 

12 

— 

Shunt  coil  shorted .  . 

5 

— 

Total 

660 

— 

of  single-phase  meters  taken  over  from  another  under- 
taking when  Birmingham  extended  its  boundaries. 
The  meters  had  been  somewhat  neglected  and  were 
generally  in  bad  condition,  hence  the  formidable  array 
of  defects  revealed  on  removal.     A  study  of  these  defects, 


however,  does  not  lead  one  to  conclude  that  in  the  mass 
their  condition  resulted  in  any  serious  loss  of  revenue 
to  the  undertaking,  although  individually  many  of 
them  were  extremely  inaccurate. 

My  concluding  table  refers  to  230  extra-high-tension 
three-phase  meters  taken  off  circuit  during  the  past 
five  years,  and  is  indicative  of  the  results  that  can  be 
obtained  by  the  use  of  a  really  high-class  meter.  These 
meters  are  employed  in  connection  with  large  power 
supplies,  and  are  the  subject  of  the  utmost  care  and 
attention,  both  as  regards  initial  caUbration  and  during 
the  period  of  service. 

E.H.T.  Meters  Removed  from  Service. 


Condition  when  Removed  ' 

No.  of 
Meters 

Remarlis 

Correct 

133 

Fast 

Nil 

— 

Slow 

5 

Average  error  2  •  9%  — 

Rotor  bearing  jewel 

worn 

55 

Average   error   on    i/ioth 
load  =-5  % 

Dirt    in     top    rotor 

bearing    .  . 

34 

Ditto  =-3  % 

Defective  shunt  coil 

3 



Total 

230 

The  perfect  ageing  of  the  brake  magnets  employed 
in  this  meter  is  convincingly  proved  by  the  absence  of 
any  instance  of  a  meter  becoming  fast.  Apart  from  the 
defective  shunt  coils  noted,  the  only  troubles  are  with 
the  wearing  of  the  rotor-bearing  jewel,  and  the  tendency 
for  dirt  to  collect  in  the  pivot  hole  in  which  the  top 
pivot  of  the  rotor  spindle  is  centred.  The  latter  could 
very  easily  be  remedied.  The  frictional  errors  thus 
introduced  are  of  no  account  until  the  fifth  year  of 
service,  when  it  is  advisable  to  remove  the  meter  for 
overhauling.  The  heavy  casualties  in  the  jewels  is 
attributed  to  the  unreliable  nature  of  the  sapphires, 
which  vary  considerably  in  hardness,  and  to  the  fact 
that  in  these  meters  the  number  of  revolutions  of  the 
rotor  may  be  anything  from  3  to  7  millions  per  annum. 
This  trouble  could  be  reduced  by  using  oil-immersed 
jewels,  but  the  only  satisfactory  solution  is  in  the  adop- 
tion of  the  diamond-cupped  jewel.  Unfortunately, 
these  are  almost  unobtainable  at  the  present  time. 
Meter  users  in  this  country  will  not,  apparently,  face  the 
extra  cost,  and  the  prospective  demand  is  too  small  to 
induce  firms  to  put  down  plants  for  manufacturing 
diamonds  in  this  form.  One  enterprising  firm  has  indeed 
gone  into  the  question  and  has  estimated  that  the  selling 
cost  per  jewel  would  be  17s.  6d.  This  is  not  a  serious 
outlay  with  meters  of  large  capacity,  as  for  instance 
195  extra-high-tension  consumers'  meters  in  Birmingham, 
which  in  the  year  1919  integrated  56-5  millions  of  units, 
representing  a  sum  of  ^326,574.  Altogether,  I  have 
about  100  diamond  jewels  in  use,  and  they  have  proved 
to  be  of  immense  benefit  in  station  meters,  on  gener- 
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ating  ring-main,  and  traction  panels.  Previously,  some 
of  these  meters  with  heavy  rotors  had  to  have  the 
jewels  exchanged  ever\-  three  months,  and  were  a  source 
of  constant  complaint  through  erratic  registration. 

General  Remarks. 

The  cost  of  repair  is  a  serious  item  in  the  maintenance 
of  meters  to-day,  particularly  in  the  case  of  direct- 
current  meters.  There  is  room  for,  and  great  need  of, 
improved  designs  of  mercurj'  motor  meters,  which  will 
not  only  reduce  defects  but  also  simpUfy  repairs.  A 
meter  designed  to  enable  any  defective  part  to  be 
removed  and  replaced  on  the  test  bench  would  be  of 
considerable  advantage. 

The  prevalent  impression  that  meters  are  an  unreliable 
class  of  instrument  is  reflected  in  the  timid  guarantees 


laid  down  in  the  British  Standards  Specification.  At 
the  present  time  the  price  of  a  meter  is  no  measure  of 
its  quality,  and  to  protect  buyers  more  rigorous  guaran- 
tees against  latent  defects  and  impaired  accuracy  are 
needed.  These  improved  guarantees  might  be  made  to 
apply  to  first-grade  meters,  whilst  the  existing  clauses 
could  suitabl}'  stand  for  second-grade  meters. 

This  subject  of  meter  defects  is  not  of  interest  to 
engineers  generally  and,  as  a  direct  consequence,  rarely 
comes  under  discussion.  In  view  of  this,  it  is  to  be 
deplored  that  meter  engineers  themselves  do  not  come 
together  to  compare  methods,  discuss  difficulties,  and 
exchange  information.  Such  co-operation  could  not 
fail  to  bring  to  light  a  vast  amount  of  knowledge  which 
would  be  of  mutual  assistance  not  only  to  themselves, 
but  also  to  those  engaged  in  the  manufacture  of  meters. 


Discussion-  before  The  South  Midland  Centre,  at  Birmingham,  14  April,  1920. 


Mr.  A.  T.  Bartlett  :  The  statistics  which  the  author 
gives  are  interesting  and  important,  but  their  value 
would  be  greatly  increased  if  similar  figures  were  forth- 
coming concerning  other  meters.  From  these  tables 
it  seems  that  a  large  percentage  of  the  failures  are 
due  to  faulty  jewels,  and  in  this  connection  I  should 
like  to  ask  whether  any  attempt  has  been  made  to 
substitute  harder  metals  such  a^  tantalum  and  tungsten. 
Sir  William  Crookes  at  the  meeting  of  the  British  Asso- 
ciation held  some  years  ago  in  South  Africa  exhibited 
a  piece  of  tantalum  against  which  a  diamond  had  been 
rotated,  if  I  remember  rightly,  several  miUion  times 
and  the  diamond  had  suffered  as  much  as  the  metal. 
Such  a  "  jewel  "  would  probably  be  cheaper  than  a 
diamond. 

Mr.  A.  T.  Thurman  :  Among  the  mechanical  defects 
of  mercury  motor  meters  is  the  common  one  in  ampere- 
hour  meters  used  for  registering  the  discharge  of  bat- 
teries, of  the  small  pawl  sticking  and  letting  the  meter 
run  backwards  when  the  current  is  reversed  whilst 
the  battery  is  on  charge.  This  is  a  serious  fault, 
especially  when  the  battery  is  used  for  balancing,  as 
the  battery  maj'^  in  time  be  damaged  through  an  in- 
correct record  of  its  discharge.  The  table  showing  the 
condition  of  230  extra-high-tension  three-phase  meters 
removed  from  service  speaks  well  for  this  class  of 
meter,  but  the  accuracy  of  these  meters  as  shown  on 
the  test  bench  is  not  a  true  indication  of  their  accuracy 
when  in  service,  since  the  accuracy  of  the  instrument 
transformers  vnth  which  they  work  is  an  important 
factor,  especially  the  ratio  of  the  current  transformers, 
which  should  be  tested  with  the  meters  if  possible. 
I  have  known  cases  where  meters  which  have  been 
passed  from  the  lest  bench  as  correct  and  which  on 
being  tested  with  a  check  meter  in  ser\-ice  have  appeared 
to  be  reading  correctly,  were  afterwards  found  to  be 
reading  inaccurately  owing  to  a  faulty  current  trans- 
former. 

Mr.  A.  Ho^vell  :  Engineers  connected  with  the 
meter  departments  of  electric  supply  undertakings 
have  experienced  considerable  trouble  with  the  arma- 
tures of  mercury  motor  meters.  For  some  years  the 
principal   method   adopted   for   insulating   all    but   the 


conducting  edge  of  such  armatures  was  by  means  of 
fabric  coatings  treated  overall  wth  an  enamel,  and 
later  by  using  a  special  enamel  or  varnish  alone.  Un- 
fortunatel}-,  after  a  year  or  two's  service  such  coverings 
began  to  peel  away,  alIo\\'ing  the  mercury  to  get  under- 
neath, amalgamating  the  disc  in  patches  and  thus 
causing  a  change  in  the  behaviour  of  the  instrument, 
with  ultimate  failure  from  clogging  of  the  mercury 
bath.  In  the  author's  tables  types  B  and  C  show  a 
large  proportion  of  such  defects.  It  would  appear  that 
recently  makers  of  such  meters  have  in  many  instances 
abandoned  the  idea  of  insulating  the  major  surface 
of  the  armature  disc,  adopting  simply  a  clean  amal- 
gamated surface,  without  causing  any  marked  difference 
as  to  accuracy.  Taking  the  various  types  of  meters 
as  a  whole,  it  is  interesting  to  note  that  quite  a  large 
percentage  of  failures  is  due  to  jewel  troubles,  perhaps 
not  so  pronounced  as  regards  the  mercurv^  motor  meter 
as  with  the  purely  motor  type.  Considering  the  great 
weight  of  rotor  or  element  placed  upon  the  Uttle  jewel 
in  many  makes  of  such  meters,  I  am  not  surprised  to 
hear  that  considerable  trouble  is  still  being  met  with 
in  this  direction.  Will  the  author  give  us  a  little  more 
information  on  the  point  ? 

Mr.  'W.  Lawson  {in  reply)  :  In  reply  to  Mr.  Bartlett, 
;  the  absence  of  any  mention  of  certain  well-known 
types  is  a  deficiency  which  I  found  impossible  to  meet 
within  the  limits  prescribed  for  this  paper.  Doubtless 
in  his  reference  to  "  other  tj'pes  "  he  had  in  mind 
electrolytic  and  commutator  ampere-hour  meters.  De- 
fects in  electrolj'tic  meters  are  not  so  numerous  as 
in  the  mercury  motor  tj^je,  and  in  the  one  which  has 
water  for  its  electrolj'te  they  are  almost  negligibly  few 
and  those  that  do  arise  aie  due  to  special  causes  such 
as  overloading.  In  the  case  of  the  tj-pe  in  which 
mercurj-  is  precipitated,  the  percentage  of  j-early  re- 
movals due  to  defects  is  about  half  that  of  the  mercury 
motor  meter  :  moreover,  the  figures  for  successive 
years  indicate  less  deterioration  with  incresising  years 
of  service.  Commutator  ampere-hour  meters  show  a 
considerably  higher  percentage  of  defects  than  any 
other  type.  The  slightest  tarnishing  of  the  commutator 
or   brush   contacts   affects   registration   and   frequently 
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leads  to  cortiplete  stoppage,  and  it  is  to  this  cause  that 
the  greater  proportion  of  the  defects  owe  their  origin. 
In  districts  where  atmospheric  conditions  are  not 
detrimental  a  much  lower  percentage  of  defects  might 
be  expected.  I  consider  Mr.  Bartlett's  suggestion  as 
to  the  possibility  of  making  use  of  the  harder  metals 
for  the  rotor  bearings  of  meters  to  be  one  of  great 
value.  I  know  of  no  attempt  having  been  made  in 
this  direction  and  it  is  to  be  hoped  that  manufacturers 
will  not  be  averse  to  taking  the  hint.  Undoubtedly 
here  is  a  useful  field  for  research  which  may  lead  to 
the  solution  of  the  jewel  problem. 

I  agree  with  Mr.  Thurman  as  to  the  seriousness  of 
the  trouble  caused  by  the  frequent  sticking  of  the  pawl 
in  battery  ampere-hour  meters.  Extreme  liability  to 
mechanical  failure  in  an  essential  detail  cannot  be  too 
severely  condemned,  and  especially  does  this  apply  to 
an  instrument  upon  the  records  of  which  so  much 
depends.  Inherently  faulty  design  is  answerable  in 
this  case.  The  remedy  is  to  reduce  friction  to  a  mini- 
mum by  supporting  the  pawl  pivots  between  jewelled 
centres.  With  regard  to  the  tests  on  the  230  extra- 
high-tension  meters,  these  were  in  each  case  carried 
out    with    the    meter    connected    to    the    same    current 


transformers  by  which  it  was  operated  in  service.  The 
practice  of  testing  such  meters  separately  from  their  cur- 
rent transformers  has,  I  believe,  been  generally  discarded. 
In  reply  to  Mr.  Howell,  the  peeling  off  of  the  enamel 
or  varnish  coatings  of  the  armatures  of  mercury-motor 
meters  was  at  one  time_  a  grave  trouble  ;  happily  it 
is  now  a  thing  of  the  past.  Makers  who  still  retain 
the  coated  armature  have,  by  perfecting  the  process  of 
protection,  rendered  a  recurrence  of  the  trouble  im- 
probable. The  simpler  method  of  using  a  bare  arma- 
ture, although  regarded  by  some  users  with  a  certain 
amount  of  suspicion,  is  a  sound  one.  My  own  experi- 
ence extending  over  eight  years  has  revealed  no  objec- 
tionable result  from  the  employment  of  bare  armatures. 
The  jewel  troubles  of  mercury-motor  meters  are  actually 
as  numerous  as  in  the  heavier  rotor  types.  In  the 
tables  referred  to,  only  the  dominant  defects  are  numer- 
ated ;  in  many  instances  jewel  defects  are  masked  by 
defects  of  a  more  serious  order.  The  magnitude  of 
the  jewel  troubles  in  mercury  motor  meters  is  remark- 
able, in  view  of  the  fact  that  the  pressure  exerted  by 
the  armature  pivot  on  the  jewel  does  not  exceed  the 
weight  of  one  gramme.  It  is  a  phenomenon  that 
awaits  explanation  and  the  remedy. 
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Synopsis. 

The  importance  of  protection  in  present-day  power-supply 
sj'stems ;  general  requirements  of  a  protective  system ; 
operating  principles  ;  classification  of  systems  ;  ideal  charac- 
teristics ;   types  of  faults. 

Protection  of  transmission  lines  and  feeders  ;  independent 
and  parallel  feeders  ;  interconnectors  ;  reverse-power  relays  ; 
Merz-Price,  split-conductor,  core-balancing,  protective  sheath 
and  other  systems  ;    considerations  affecting  choice  of  system. 

Protection  of  apparatus  ;  generators,  transformers,  switch- 
gear  and  busbars  ;  core-balancing,  self-balancing,  Merz-Price 
and  other  systems  ;    comparison  of  individual  methods. 

Relays  ;  instantaneous,  time-element,  reverse-power.  Trans- 
formers ;  general  considerations  ;  special  types. 

Conclusion  ;  effect  of  operating  and  local  conditions  on 
choice  of  protective  system  ;  value  of  suitable  protective 
gear  in  economizing  plant  and  mains  ;  allowance  for  future 
extensions  and  alterations. 


Introduction, 
Electricity  as  a  medium  of  power  distribution  presents 
two   features   of   special   interest   from    the   protective 
point  of  view.     There  is  no  means  of  storing  it  in  large 


quantities  commercially  and,  as  there  is  practically  no 
flexibility  in  the  transmission,  trouble  at  the  output 
end  must  inevitably'  affect  the  input.  Therefore,  to 
meet  the  first  objection,  the  system  must  be  arranged 
so  that  it  is  impossible  for  the  whole  of  the  generating 
plant  to  be  shut  down  from  any  one  cause  of  trouble, 
and,  to  overcome  the  inflexibility  of  transmission,  any 
area  of  trouble  must  be  removed  from  the  system  as 
quickly  as  possible. 

In  the  early  days  of  supply  systems  the  circuits  were 
very  simple,  consisting  of  individual  cables  from  the 
generating  station  to  each  substation,  so  that  any 
trouble  that  occurred  could  only  affect  the  generating 
station  and  the  particular  substation  on  that  route. 
Hence  the  only  requirement  of  a  protective  system  was 
to  minimize  damage  to  cable  and  machinery.  With 
the  growth  of  the  supply  system,  the  complication  of 
circuits  and  the  interconnection  of  substations,  however, 
conditions  have  changed  and  a  fault  anywhere  on  the 
system  can  directly  affect  neighbouring  parts.  It  thus 
became  imperative  to  remove  faults  as  quickly  as  possible 
in  order  to  prevent  disturbance  to  other  parts  of  the 
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system,  quite  apart  from  the  question  of  injury  to  the 
faulty  circuit  or  apparatus.  This  aspect  was  brought 
into  further  prominence  by  the  growing  importance 
of  continuity  of  supply.  Modem  industrial  life,  with 
its  high  degree  of  organization  and  rapid  production, 
demands  that  its  supply  of  power  shall  be  absolutely 
reliable,  continuous  and  unvarying.  The  result  is  that 
at  the  present  time  the  function  of  protective  gear  in 
ensuring  continuity  of  supplv  is  of  far  greater  importance 
than  the  mere  protection  of  apparatus  from  damage. 

FuN'CTiONS  OF  Protective  Systems. 
The  whole  subject  of  protection  may  be  divided  into 
two  branches  : — 

(a)  Protection  of  material  from  damage. 

(b)  Preservation  of  continuity  of  supply. 

Considering  the  consumer's  point  of  view,  faults  and 
breakdowns  of  the  supply  system  only  affect  him  in 
so  far  as  thev  interrupt  his  supplv  of  power.  There 
is  no  system  of  protection  which  will  absolutely  prevent 
faults  from  occurring.  The  most  that  can  be  done  in 
the  way  of  protection  from  damage  is  to  confine  the 
trouble  to  as  small  an  area  as  possible  and  to  isolate 
the  affected  part  while  the  fault  is  in  an  incipient  stage. 
The  requirements  of  continuity  of  supply  are,  good  and 
reliable  machinery  and  apparatus,  two  or  more  sources 
of  power  to  each  substation  (so  that  a  single  fault  will 
not  cause  a  complete  shut-dow-n)  and,  as  in  the  previous 
case,  localization  of  trouble. 

A  system  of  protective  gear  should,  of  course,  operate 
whenever  there  is  trouble  in  the  particular  section  it 
covers,  but,  conversely,  it  should  not  operate  unless 
there  is  trouble,  and  this  latter  characteristic  is  in  nian)- 
cases  by  far  the  more  difficult  to  obtain.  It  is  usually 
much  easier  to  confine  the  trouble  to  a  small  area  than 
to  confine  the  portion  of  the  system  disconnected  to 
an  area  correspondingly  small.  From  the  point  of  view 
of  continuity  of  supply  it  is  just  as  bad  for  a  protective 
gear  to  shut  down  good  apparatus  or  circuits  as  to  fail 
to  shut  down  faulty  ones.  This  property  of  a  protective 
system  of  being  able  to  discriminate  between  good  and 
faulty  conditions  is  known  as  its  selectivity  or  dis- 
criminative property. 

Oper.^ting  Principles. 
When  a  fault  of  any  sort  occurs,  whether  on  circuits 
cr  apparatus,  the  function  of  the  protective  gear  is  to 
disconnect  the  portion  affected  from  the  rest  of  the 
system,  and  it  does  this  by  operating  the  switches 
controlling  that  portion.  The  most  reliable  indicator 
of  trouble  in  any  electrical  circuit  or  apparatus  is  the 
value  of  the  current  in  it.  Hence,  without  exception, 
all  protective  systems  are  current-operated,  i.e.  they 
depend  for  their  action  on  the  current  in  the  circuit 
they  control  being  abnormal  either  in  magnitude  or 
in  phase.  There  are  three  ways  of  determining  this 
abnormality  and  they  depend  on  the  basis  of  comparison  : 

(a)  Abnormality    compared    with    a    definite    fixed 

value  ; 
(6)  Abnormality   compared   with  the  value   in   some 

other  part  of  the  circuit  or  apparatus  ; 
(c)  Abnormality  of  path. 


The  whole  field  of  protective  systems  can  in  this  way 
be  broadly  divided  into  three  classes,  as  follows  : — 

Class  A. — Comprising  fuses,  overload  devices,  etc., 
where  the  operation  depends  on  an  absolute  value  of 
current. 

Class  B. — Comprising  Merz-Price,  split  conductor,  etc., 
in  which  operation  occurs  with  a  relative  value  of 
current. 

Class  C — Comprising  core-balancing,  leakage  devices, 
etc.,  which  operate  when  the  current  strays  from  its 
proper  path. 

Abnormality'  of  current  shows  that  there  is  a  fault 
somewhere,  hut  it  does  not  in  itself  indicate  where  the 
trouble  is.  Thus  Fig.  i  shows  a  generating  station 
supplying  three  substations  in  series.  If  a  fault  occurs 
at  P  there  will  be  a  heavy  current  in  the  line  from 
A  to  P  so  that  protective  gear  of  Class  A  (or  of  Class  C 
as  will  be  shown  later)  would  operate  on  all  sections 
from  A  to  D,  and  the  sections  A  B  and  B  C  with  the 
substations  B  and  C  would  be  disconnected  although  in 
quite  good  condition.  Hence  this  t\-pe  of  protection 
gives  no  discrimination  between  the  faulty  section  C  D 
and  the  sound  ones  from  A  to  C.     The  diagram  shows 
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that  the  abnormal  current  extends  from  \  to  P,  but  that 
beyond  P  the  current  is  quite  normal.  The  current 
conditions  in  the  lire  on  either  side  of  the  fault  are 
therefore  different.  This  is  important  as  it  is  the  funda- 
mental principle  on  which  fault  localization  is  affected. 
If  each  feeder  were  equipped  with  protective  gear  which 
only  operated  when  the  currents  at  either  end  of  a  feeder 
were  different,  no  matter  whether  the  currents  them- 
selves were  normal  or  abnormal,  i.e.  protective  gear  of 
the  Class  B  tyTpe,  then  only  the  section  CD  would  be 
disconnected  and  the  gear  would  be  discriminative. 
It  is  seen  therefore  that  protective  gear  of  Classes  A  and 
C  are  not  inherently  discriminative  though  thej'  will 
protect  against  damage.  They  can,  however,  be  made 
discriminative  to  a  great  extent  if  conditions  are  not 
too  complex,  as  will  be  sho^\Ti  later. 

Pr.\ctical  .\pplic.'^tion. 

There  are  one  or  two  portions  of  the  protective  circuit 
which  are  the  same  for  al!  classes  of  gear,  and  it  will 
simplify  matters  to  study  these  properties  first.  Practi- 
cally all  systems  of  protection  can  have  their  connections 
divided  into  three  portions  : — 

(fl)  The  primarj-  or  high-tension  circuit. 

(b)  The  secondar\r  or  relay  circuit. 

(c)  The  tripping  circuit. 

The  primary  circuit  forms  the  detector  and  records 
the  actual  electrical  conditions  in  the  apparatus  or 
circuit  concerned.  As  all  protective  gear  is  current- 
operated  this  circuit  usually  consists  of  the  pi-imaries 
of  one  or  more   current  transformers.     .All  variations 
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of  the  current  are  thus  transferred  to  the  secondary  or 
relay  circuit.  This  circuit  is  widely  different  in  the 
various  systems,  but  in  all  of  them  one  or  more  relays 
are  incorporated.  These  relays  are  energized  when  the 
gear  is  required  to  operate,  and  the  operation  of  the 
relays  completes  the  tripping  circuit,  the  relaying 
contacts  being  connected  in  series  with  this  circuit. 
The  trippmg  circuit  includes  the  trip  coil  on  the  circuit 
breaker  and  the  power  required  to  operate  it.  Fig.  2 
shows  these  three  circuits.  In  a  few  cases  the  trip  coils 
themselves  are  connected  in  the  secondary  circuit,  so 
that  relays  are  not  required.  In  general  the  primary 
and  tripping  circuits  are  the  same  for  all  systems  of 
protection,  the  individual  characteristics  being  in  the 
relay  or  secondary  circuit.     In  describing  the  various 
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systems  the  tripping  circuit  will  in  general  be  omitted 
and  only  the  two  relay  contacts  shown. 

Independent  Feeders. 

In  the  simple  case  of  an  independent  feeder,  protection 
is  very  simple.  A  fault  of  any  sort,  whether  of  the 
feeder  itself  or  of  the  machinery  in  the  substation, 
means  the  total  stoppage  of  supply,  so  there  is  no  need 
for  discrimination,  and  overload  protection  alone  would 
be  sufficient.  Where  there  are  several  substations  m 
series,  some  discrimination  is  required,  as  explained  in 
connection  with  Fig.  i,  to  prevent  a  fault  on  a  distant 
section  from  shutting  down  all  the  intermediate  sub- 
stations. The  systems  of  protection  suitable  are  the 
following. 

Overload  time-limit. — Ordinary  time-element  overload 
relays  are  installed  at  the  end  of  each  feeder  as  shown 
in  Fig.  1 .  The  time  setting  is  lowest  for  the  most  remote 
section  C  D  and  is  successively  increased  for  the  nearer 
sections  A  to  C.  Thus  if  a  fault  occur  at  P  the  circuit 
breaker  at  C  will  operate  within  2  seconds  and  the  faulty 
section  will  be  disconnected.  The  sections  nearer  the 
generating  station  will  not  be  affected,  because  the  fault 
is  cleared  before  their  time-limits  are  up.  There  must 
be  sufficient  interval  between  the  settings  to  allow  the 
circuit  breakers  completely  to  open  the  circuit.  This 
interval,  including  the  time  required  to  operate  the  relay, 
varies  from  |  to  J  second.  This  method  is  simple  and 
cheap,  but  it  requires  a  large  fault  current  to  operate 
it  or  it  would  trip  out  on  ordinary  overload.  Moreover, 
the  heaviest  faults  are  most  likely  to  be  those  nearest 
the  generating  station  and  these  remain  on  the  system 
for  the  longest  time. 

Core-balancing  system. — In  any  three-phase  circuit  the 
sum  of  the  currents  in  the  three  lines  at  any  instant 


is  zero  under  proper  conditions.  If,  however,  an  earth 
occur  on  one  line  some  of  the  current  in  the  fa\ilty  line 
will  return  through  the  earth  to  the  neutral  point  and 
the  sum  of  the  currents  will  no  longer  be  zero.  Hence, 
if  a  circular  iron  core  be  slipped  over  the  cable  there 
will  normally  be  no  flux  induced  in  it,  but  when  an 
earth  fault  occurs  the  resultant  current  in  the  three 
lines  will  magnetize  the  core.  By  placing  a  secondary 
winding  on  this  core  and  connecting  directly  to  a  relay 
the  feeder  will  be  disconnected.  This  is  the  principle 
of  the  core-balancing  system,  which  is  simple,  inex- 
pensive and  very  sensitive.  It  will  operate  on  a  fault 
current  of  a  few  amperes,  and  time-element  relays 
may  be  used  to  give  selectivity  as  previously  described. 

Although  this  method  gives  very  sensitive  protection 
against  earth  faults,  overload  relays  are  still  necessary 
to  cover  faults  between  phases  and  excessive  overloads. 
The  principal  advantage  of  the  sensitivity  of  this  system 
is  that  a  much  larger  resistance  in  the  neutral  may  be 
used,  so  as  to  keep  down  fault  currents  to  a  safe  value. 

Protective-sheath  systems. — Several  methods  of  pro- 
tecting feeders  have  been  proposed,  in  which  the  con- 
ductors are  enclosed  in  one  or  more  metallic  sheaths 
running  the  whole  length  of  the  feeder  and  insulated 
both  from  the  conductors  and  from  earth.  In  one 
such  arrangement  there  are  two  sheaths,  one  arranged 
between  the  conductors  and  one  surrounding  them,  in 
such  a  way  that  one  or  other  of  the  sheaths  must  be 
involved  whatever  the  nature  of  the  fault.  Normally 
there  is  no  difference  of  potential  between  the  sheaths, 
but  each  sheath  is  at  a  potential  higher  than  earth 
potential,  so  that  if  either  becomes  earthed  a  current 
will  flow  and  operate  the  gear. 

Another  system,  introduced  by  Mr.  C.  J.  Beaver, 
employs  core-balancing  transformers  at  each  end  of 
the  feeder,  with  their  tripping  circuits  interlocked  through 
a  sheath  surrounding  the  cables.  The  relay  connections 
are  such  that  this  sheath  must  be  earthed  before  the 
gear  can  operate,  in  addition  to  the  necessary  unbalance 
required  to  operate  the  core-balancing  relays.  This 
prevents  a  healthy  feeder  from  being  shut  down  through 
feeding  into  a  faulty  section.  All  sheath  methods 
involve  special  cables  in  addition  to  relays  and  trans- 
[    formers  and,   so   far,   this  class  of  gear  has  not  been 

extensively  used. 
i 

j  Parallel  Feeders. 

j  The  protection  of  parallel  feeders  is  more  complicated 
than  that  of  independent  feeders  because  of  the  necessity 
for  distinguishing  between  the  faulty  and  sound  cables 
in  the  event  of  a  fault  on  one  of  them.  For  faults  at 
the  near  end  of  the  line  the  current  m  the  faulty  feeder 
will  be  much  heavier  than  in  the  sound  one,  so  that 
time-element  overload  relays  would  be  satisfactory.  If 
a  fault  occurs  at  the  remote  end,  however,  the  fault 
current  will  divide  equally  between  the  two  feeders. 
In  this  case  the  infallible  criterion  of  the  faulty  cable 
is  the  reversal  of  power  at  the  recei\'ing  end.  Complete 
protection  will  be  given  by  a  combination  of  reverse- 
power  relays  and  overload  time-limit  relays  interlocked 
to  prevent  operation  on  heavy  external  overloads. 

The  success  of  this  type  of  protection  depends  on 
the  reliability  of  reverse-power  relays,  and  it  was  owing 
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to  the  unreliability  of  these  that  the  method  fell  into 
disfavour  for  some  years.  Reverse-power  relays  have 
been  greatly  improved  in  recent  years,  however,  and  in 
America  especially  this  system  is  widely  used. 

Merz-Price. — The  idea  of  interlocking  relays  so  that 
they  are  only  operated  by  relative  values  of  current 
introduces  protection  of  the  Class  B  type,  often  known 
as  "  balanced  protection."  The  first  of  this  class  to 
come  into  commercial  use  was  the  well-known  IMerz-Price 
system.  The  principle  is  very  simple  and  consists  of 
relays  at  each  end  of  the  feeder  interlocked  so  that  the 
gear  will  only  operate  when  the  current  entering  the 
feeder  at  one  end  is  different  from  the  current  leaving 
at  the  other.  A  transformer  is  installed  at  each  end 
of  the  line  and  the  secondary  windings  are  connected 
together  bv  means  of  pilot  wires  so  as  to  oppose  one 
another.  Under  normal  conditions  the  pressures  across 
the  transformers  will  be  the  same,  and  as  they  are  in 
opposition  no  current  will  flow.  If  a  fault  occur  the 
current  in  the  line  at  one  end  will  be  different  from  that 
at  the  other  end,  the  difference  being  the  fault  current. 
The  pressures  in  the  secondaries  of  the  two  transformers 
will  therefore  be  unequal,  and  the  difference  will  force 
a  current  through  the  pilot  wires  and  rela3-s  connected 
in  series  and  so  disconnect  the  feeder.  The  system 
gives  complete  protection  for  all  kinds  of  fault  and, 
compared  with  the  systems  previously  described,  is 
verj-  sensitive. 


Fig.  3. 

As  a  general  rule  a  fault  current  equal  to  50  per  cent 
of  full-load  current  is  required  to  operate  under  the  worst 
conditions,  as  compared  with  two  or  three  times  full 
load  for  the  previous  cases.  The  necessity  for  pilot 
wires  is  a  disadvantage,  and  the  transformers  require 
careful  attention.  Their  secondary'  voltages  must  be 
equal,  not  only  in  magnitude,  but  also  in  phase  displace- 
ment and  wave-form,  for  all  loads  right  up  to  the  heavy 
momentary  overloads  that  may  occur  due  to  short- 
circuits  in  other  parts  of  the  system. 

Another  difficulty  experienced,  especiallj'  on  long 
feeders,  is  caused  bj'  capacitj-  currents  in  the  pilot  wires. 
With  hea\^  primary'  currents,  and  the  correspondingly 
increased  secondary  voltages,  the  pilot  wires  will  have 
a  considerable  difference  of  potential  between  them. 
Capacity  currents  will  be  set  up  which,  completing  the 
circuit  through  the  relays  and  transformers,  may  cut 
out  .the  feeder  although  in  sound  condition.  This  defect 
considerably  limited  the  application  of  Merz-Price  gear 
for  feeder  protection.  An  ingenious  arrangement  has, 
however,  recently  been  introduced  and  patented  by 
Mr.  J.  R.  Beard,  whereby  all  capacity  troubles  are 
completely  ehminated.  Each  pilot  wire  is  surrounded 
b^-  an  insulated  sheath  (S)  connected  as  shown  in 
Fig.  3.  All  capacity  currents  are  intercepted  by  the 
sheath  and  mil  flow  through  the  transformer  without 
passing  through  the  relay.     Not  only  does  this  eUminate 


the    effect    of    capacity    currents    but    it    considerably 
simphfies  the  design  of  the  transformers. 

Split  conductors. — In  considering  the  protection  of 
parallel  feeders  it  was  shown  that  the  principal  difficulty 
was  to  discriminate  between  the  sound  and  faulty 
feeders  in  the  event  of  a  fault  on  one  of  them.  By 
combining  the  two  feeders  and  considering  them  as 
one  unit  this  difficulty  is  eliminated.  Each  conductor 
is  divided  into  two  halves  or  splits  insulated  from  one 
another.  These  two  halves  are  taken  in  opposite  direc- 
tions through  a  transformer  at  each  end  of  the  line. 
The  secondary  winding  is  connected  directly  to  the  relay 
controlling  the  tripping  circuit.  Under  normal  con- 
ditions, the  currents  in  the  splits  are  equal,  and  will 
neutraUze  one  another  in  the  transformer,  and  the 
secondary  will  not  be  energized.  A  fault  occurring  on 
one  split  will  upset  this  equilibrium  and  the  difference 
between  the  currents  in  the  two  halves  will  energize 
the  transformer  and  operate  the  gear.  A  fault  occurring 
on  both  splits  simultaneously  might  not  destroy  the 
balance  sufficiently  for  the  gear  to  operate,  but  this  is 
very  unhkely  to  occur  on  overhead  lines,  and  on  cables 
the  possibihty  is  rendered  remote  by  arranging  the  splits 
concentrically  or  diametrically. 

The  system  is  extremely  sensitive — a  fault  current 
of  from  20  to  40  amperes  being  quite  sufficient  to  operate 
the  tripping  circuit.  The  two  splits  must  be  of  equal 
reactance  and  resistance  and  the  two  halves  of  the 
transformer  primary-  winding  must  also  be  balanced. 
As  in  the  case  of  parallel  feeders,  protecrion  is  complicated 
for  faults  at  the  remote  end  of  the  feeder.  In  this 
case  the  fault  current  will  di\dde  equally  between  the 
two  splits,  and  the  gear  will  not  operate.  There  are 
two  methods  in  common  use  for  overcoming  this  diffi- 
cultj-.  One  is  to  bring  the  sphts  right  up  to  the  oil 
switch  and  have  an  additional  contact  so  that  when 
the  switch  opens  it  also  separates  the  two  splits  and 
throws  the  whole  of  the  fault  current  on  to  the  faulty 
half. 

The  other  method  is  to  use  transformers  with  a  large 
reactance,  or  even  to  add  external  reactance.  With 
the  currents  balanced  the  extra  reactance  would  have 
no  effect,  but  when  a  fault  occurs  the  current  will  be 
in  the  same  direction  in  the  two  halves  of  one  trans- 
former, resulting  in  considerable  impedance.  This  path, 
will  then  have  considerably  more  impedance  than  the 
path  through  the  other  split,  resulting  in  unbalanced 
currents  and  operation  of  the  gear. 

The  relarive  merits  of  the  two  methods,  split-contact 
switch  or  high-reactance  transformer,  are  debatable. 
The  tendency  in  England  inclines  towards  the  former, 
and  in  America  towards  the  latter.  For  large  currents 
the  high-reactance  method  is  probably  the  best,  as  the 
additional  contact  on  large  oil  switches  is  not  desirable. 
There  is  not  much  to  choose  either  way  on  the  score 
of  expense.  High-reactance  transformers  are  con- 
siderably larger  than  the  ordinary  type,  so  that  tliis  is 
often  the  deciding  factor  in  the  choice. 

Intercoxnectors. 
These  include  all  feeders  in  a  ring  main  except  those 
directly  from  the  generating  station.     An  interconnector 
can  therefore  never  be  the  sole  source  of  supply  to  any 
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point.  It  must  nevertheless  be  securely  protected,  as 
the  loss  of  one  will  cause  some  other  part  of  the  network 
to  be  overloaded  and  may  leave  it  without  a  standby 
supply.  The  problem  for  a-  plain  ring  main  can  be 
solved  by  time-element  and  overload  relays  with  suitably 
graduated  time-settings.  The  general  solution,  however, 
is  one  of  the  balanced  systems,  either  Merz-Price  or 
split  conductor. 

Protection  of  App.\ratus. 

The  principal  items  under  this  heading  are  generators 
and  transformers.  The  considerations  involved  in  the 
"  choice  of  protective  gear  are  widely  different  for  the 
two  cases  and  they  will  therefore  be  dealt  with  separately. 
Generators. — Complete  protection  of  generators  covers 
the  usual  type  of  faults  as  in  the  case  of  feeders,  and,  in 
addition,  loss  of  field  and  failure  of  prime  mover.  For 
faults  across  different  parts  of  the  same  phase  there  is 
no  known  method  of  protection,  but  fortunately  they 
are  very  rare,  the  majority  of  faults  being  to  earth. 
For  this  reason  the  core-balancing  system  is  frequently 
used.  For  apparatus  protection  the  connections  are 
modified  by  including  the  neutral  in   the  transformer 
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circuit.  The  gear  can  then  only  be  operated  by  earth 
faults  on  the  generator  side  and  is  unaffected  by  faults 
on  the  line  side.  It  is  thus  discriminating  and  has  all 
the  characteristic  advantages  and  disadvantages  of  the 
core-balancing  system  as  previously  described. 

Reverse-power  relays  combined  with  time-element 
overload  relays  were  extensively  used  at  one  time. 
Reverse-power  relays  are  still  used  to  protect  against 
failure  of  prime  mover  and  loss  of  field.  Both  these 
faults  mean  such  a  fall  in  generator  voltage  that  the 
busbars  will  feed  back  into  the  generator. 

Of  the  balanced  systems,  the  Merz-Price  is  the  one 
most  commonly  used.  The  principle,  in  a  modified 
form,  is  the  same  as  for  feeder  protection.  The  t^vo 
transformers  are  connected  in  series  instead  of  in 
opposition  and  the  relay  is  connected  across  the  equipo- 
tential  points  in  the  pilot  wires.  This  system  is  called 
the  "  balanced  "  or  "  circulating  current  "  system,  to 
distinguish  it  from  the  form  used  in  feeder  protection 
or  the  "  balanced  voltage  "  system.  The  "  balanced 
current  "  system  is  the  more  suitable  for  apparatus 
protection  as  it  is  easier  to  balance  and  is  more  sensitive. 
■Under  suitable  conditions  fault  settings  of  10  per  cent 


of  full  load  may  be  obtained.  The  balancing  difficulty 
is  still  a  drawback  to  this  type  of  gear.  All  six  leads 
of  three-phase  generators  must  be  brought  out  and 
three  transformers  connected  in  the  neutral.  By 
mounting  the  other  three  transformers  in  the  cubicles 
the  leads  from  generator  to  cubicle  are  included  in  the 
protection.  Moreover,  as  the  pilot  wires  carry  currents 
proportional  to  the  load,  overload  protection  can  be 
obtained  by  inserting  fuses  in  them. 

Another  form  of  balanced  protection  recently  intro- 
duced and  patented  by  Mr.  J.  R.  Beard  is  known  as 
the  "  self-balancing  "  system.  The  ends  of  each  phase 
winding  are  taken  through  a  transformer  so  that  the 
currents  are  in  opposition.  A  secondary  winding  on 
the  transformer  is  connected  directly  to  the  relay. 
The  principle  is  in  fact  similar  to  that  of  the  "split 
conductor  "  system.  Fig.  4  shows  the  system  applied 
to  a  three-phase  generator.  The  currents  are  directly 
balanced  against  each  other,  without  the  interruption 
of  magnetic  circuits.  The  system  is  therefore  veiy 
sensitive  and  can  readily  be  made  to  operate  with 
from  20  to  30  amperes  fault  current.  The  generator 
leads  cannot,  however,  be  included  in  the  protection 
without  special  sheathed  cables.  The  greatest  problem 
in  generator  protection  is  that  of  dealing  satisfactorily 
with  faults  near  the  neutral  point  where  the  voltage  is 
very  low.  The  great  sensitivity  of  the  "  self-balancing  " 
scheme  is  an  important  advantage  in  this  respect. 

Transformers. — The  same  general  principles  apply  for 
transformer  as  for  generator  protection.  For  isolated 
and  individual  cases  the  core-balancing  system  will 
meet  the  requirements.  The  great  handicap  of  this 
type  of  protection  in  only  taldng  care  of  earth  faults 
is  of  more  importance  in  considering  transformer  pro- 
tection. In  the  case  of  generators  where  the  windings 
are  embedded  in  slots  and  surrounded  by  iron  it  is  true 
that  the  majority  of  troubles  will  be  faults  to  earth, 
and  faults  between  phases  will  probably  develop  into 
faults  to  earth  almost  immediately.  In  transformers, 
however,  faults  between  phases  are  quite  common,  whilst 
faults  across  different  parts  of  the  same  phase,  i.e. 
breakdowns  between  turns,  are  perhaps  the  most 
frequent  of  all  transformer  troubles.  These  are,  in  many 
cases,  not  likely  to  develop  into  faults  to  earth  until  the 
transformer  is  practically  destroyed.  It  will  be  apparent 
therefore  that  core  balancing  cannot  be  considered  a 
method  of  protection  as  efficient  for  transformers  as 
for  generators. 

The  Merz-Price  "  circulating-current  "  sj^stem  is  the 
one  by  far  the  most  frequently  used.  The  connections 
are  the  same  as  for  generator  protection,  but  there  are 
several  points  and  peculiarities  in  applying  this  system 
to  transformers  which  do  not  arise  in  the  protection 
of  generators.  There  will  be  permanent  unbalancing 
due  to  primary  magnetizing  current,  ratio  and  phase- 
angle  error,  especially  where  the  high-  and  low-tension 
protective  transformers  are  of  different  types.  The 
relay  setting  has  therefore  to  be  increased  to  cover  this 
out-of-balance. 

One  of  the  most  frequent  faults  in  transformers  is 
breakdown  between  turns,  i.e.  across  different  parts  of 
the  same  winding.  If  this  occurs  in  the  primary  a 
heavy  current  will  flow  which  will  not  be  reproduced  in 
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the  secondary-.  The  gear  mil  therefore  operate.  As  this 
kind  of  fault  is  confined  almost  entirely  to  the  high- 
tension  windings,  it  follows  that  iMerz-Price  gear  will 
give  protection  against  breakdovvn  between  turns  on 
step-down  transformers.  This  characteristic  gives  this 
type  of  protection  a  marked  superiority  over  all  others 
so  far  as  transformer  protection  is  concerned. 

Many  of  the  disadvantages  of  the  Merz-Price  system 
are  overcome  in  the  "self-balancing"  system.  The 
principle  is  the  same  as  for  generator  protection.  Both 
ends  of  each  phase  winding  must  be  brought  out  and 
the  primary  and  secondary'  are  treated  quite  independ- 
ently. The  ratio  of  transformation  does  not  affect  the 
protection,  so  that  tappings  cause  no  complications  or 
loss  of  sensitivity.  The  system  is  also  inherently  proof 
against  troubles  due  to  rush  of  magnetizing  current 
on  switching  in.  On  account  of  the  simplicity  of  its 
connections,  it  is  peculiarly  suitable  for  the  protection 
of  Scott-connected  transformers,  and  for  all  cases 
involving  phase  relationships,  frequency  ^'ariations  and 
voltage  differences.  The  disadvantages  are  very-  much 
the  same  as  in  generator  protection.  Due  to  the  freedom 
from  balancing,  this  system  is  extremely  sensitive  at 
all  loads,  the  usual  fault  current-setting  being  about 
30  amperes.  As  operation  depends  on  the  difference 
of  current  in  the  two  primaries,  the  fault  current-setting 
is  practically  independent  of  the  k.v.a.  rating  or  the 
maximum  current  on  short-circuit. 

Protection  of  Switchgear  and  Busbars. 

This  portion  of  the  supply  system  is  so  well  made 
and  free  from  rough  treatment  that  there  is  very  little 
to  go  wrong  except  through  carelessness,  and  in  very 
many  cases  no  special  protection  is  given.  Busbar 
faults  are  the  most  serious  of  all  supply-system  faults 
and  will  almost  invariably  shut  the  whole  station 
down  and  dislocate  s\Tichronous  machinery  on  the 
mains.  Substation  busbars  and  switchgear  are  covered 
by  the  overload  feeder  protection  at  the  power-station 
end.  It  is  partly  to  deal  with  these  faults  that  feeders 
and  generators  are  equipped  with  time-element  overload 
relays.  In  large  power  stations  the  possibility  of  a 
complete  shut-down  is  minimized  by  sectionalizing  the 
busbars  by  means  of  reactance  coils. 

Reactance  coils. — The  whole  question  of  the  use  of 
reactance  coils  in  the  protection  of  alternating-current 
circuits  opens  up  a  subject  large  enough  for  a  separate 
paper.  Although  reactance  coils  play  an  important 
part  in  the  protection  of  supply  systems,  particularly 
in  limiting  the  severity  of  faults,  the  considerations 
governing  their  use  have  practically  no  effect  on  the 
characteristics  of  protective  gear  as  outhned  in  this 
paper.  The  subject  will  therefore  not  be  dealt  with 
further. 


Transformers. 

There  are  in  general  three  types  of  transformers  used 
in  protective  gear.  The  Merz-Price"  balanced  current," 
plain  overload  protection,  etc.,  require  ordinary  current 
transformers.  They  must  be  carefully  and  uniformly 
built  so  as  to  balance  well,  but  otherwise  they  embody 
no  special  feature.  For  Merz-Price  feeder  protection 
special  transformers  are  necessarJ^  These  transformers 
are  current-operated  on  the  primary,  while  on  the 
\  secondary  their  voltages  are  balanced,  so  that  the  trans- 
former is  in  the  nature  of  a  current  transformer  on  one 
side  and  a  potential  transformer  on  the  other.  The 
difficulties  in  balancing  this  type  of  transformer  have 
already  been  referred  to. 

For  "  split  conductors,"  "  self-balancing  "  and  "  core- 
balancing  "  systems  the  transformers  are  all  of  the  same 
type.  The  secondary  winding  is  diiectly  connected  to 
the  relay.  The  required  volt-ampere  output  is  therefore 
definitely  fixed,  so  that  the  primaiy  current  required 
to  give  this  output  is  also  constant  for  a  given  size  of 
transfoiTner.  This  means  that  the  fault  setting  is  more 
or  less  constant  whatever  the  k.v.a.  rating  of  the  appar- 
atus to  be  protected. 

Conclusion. 

No  general  rules  can  be  laid  down  as  to  the  best 
s}-stem  of  protection  or  even  as  to  the  best  type  of 
system.  The  various  operating  problems  must  be  con- 
sidered individually  for  each  case,  not  only  as  regards 
present  requirements  but,  as  far  as  possible,  taking 
future  requirements  into  account.  It  is  the  consideration 
of  future  alterations  and  extensions  which  brings  out 
the  advantages  of  the  balanced  type,  where  each  unit 
of  protection  is  self-contained  and  works  quite  indepen- 
dently of  other  units.  Gear  of  this  type  can  be  installed 
all  over  a  system  with  the  sure  knowledge  that  its  opera- 
tion is  independent  of  future  additions,  and,  conversely, 
a  network  can  be  laid  out  without  any  regard  being  paid 
to  the  protective  system. 

It  is  often  possible  to  effect  great  saving  in  the  more 
economical  and  efficient  use  of  apparatus  and  mains 
by  choosing  the  proper  t>rpe  of  gear.  For  instance, 
there  will  be  considerably  less  need  for  duphcate  feeders, 
spare  machinery'  and  apparatus.  In  fact  these  con- 
siderations are  so  important  that  the  actual  cost  of  the 
protective  gear  should  be  the  last  thing  to  be  considered. 

Progress  in  the  development  of  protecti^-e  gear  is 
rapid.  For  this  progress  to  be  in  the  right  direction, 
manufacturers  must  have  a  clear  knowledge  of  operating 
conditions,  whilst  supply-system  engineers  should  appre- 
ciate the  technical  dif&culries  involved  in  meering 
practical  requirements.  There  should  therefore  be  close 
co-operation  between  them,  as  it  is  only  by  wor!;ing 
in  conjunction  that  the  most  satisf acton,'-  results  will 
be  obtained. 
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By  C.  E.  Webb,  B.Sc,  Student. 

(Abstract  of  paper  read  before  the  Students'  Section,  9  May,    1919. ) 


Introduction. 

It  is  proposed  in  the  following  paper  to  discuss  the 
general  principles  nnderlj-ing  the  science  of  illumination, 
rather  than  the  details  of  the  various  systems  of  lighting 
at  present  in  use. 

The  fundamental  point  which  it  is  desired  to  emphasize 
throughout  is  that  illumination  is  essentially  a  physio- 
logical problem.  Formerly  the  physical  or  energy  aspect 
of  the  question  was  unduly  prominent  and  too  much 
attention  was  devoted  to  physical  and  semi-physical 
methods  of  treatment,  but  recently  it  has  been  more 
and  more  widely  recognized  that  such  treatment  is 
inadequate,  and  that  the  effectiveness  of  a  lighting 
installation  depends  essentially  on  phj'siological  con- 
siderations. 

Measurement  of  Light  and  Illumination. 

It  is  proposed  first  to  consider  the  various  quantities 
dealt  with  and  the  units  in  which  they  are  measured. 
It  is  to  be  noted  that  these  quantities  all  involve  a 
subjective  or  physiological  element  and  consequently 
the  units  employed  cannot  belong  to  the  purely  objective 
C.G.S.  system  but  must  be  based  on  some  arbitrary 
standard. 

Until  the  last  few  j-ears  almost  all  theoretical  work 
in  illumination  was  based  on  the  idea  of  intensity  and 
the  fundamental  unit  was  the  candle-power.  Lamps 
were  rated  either  by  mean  horizontal  candle-power 
(il.H.C.P.),  mean  hemispherical  candle-power  or  mean 
spherical  candle-power  (M.S.C.P.),  the  opinions  of 
experts  as  to  the  value  of  each  of  these  as  a  basis  beihg 
widely  divergent.  Calculations  of  illumination  were 
made  from  polar  curves  of  candle-power  distribntion 
by  point-to-point  methods. 

Recently,  however,  the  intensity  basis  has  been  almost 
completely  abandoned  and  the  conception  of  luminous 
flux  has  been  introduced  as  the  basis  for  both  theoretical 
and  practical  work. 

Physically  considered  a  light-source  emits  ether  waves 
representing  energy  which  may  be  measured  in  ergs, 
joules  or  foot-pounds  ;  physiologically  it  may  be  con- 
sidered as  emitting  luminous  flux  which  must  be  measured 
in  terms  of  some  unit  involving  a  physiological  element. 
The  relation  between  the  two  measurements  depends 
on  the  sensitiveness  of  the  eye  to  the  particular  type 
of  light  emitted  and  varies  with  the  wave-length,  i.e. 
the  colour,  of  the  hght  according  to  the  well-known 
luminosity  curve  of  the  human  eye.  Hence  for  composite 
light  the  energj'  intensity  at  each  wave-length  must  be 
multiplied  bj-  a  factor  proportional  to  the  corresponding 
ordinate  of  the  luminosity  curve  in  order  to  give  the 
quantity  of  luminous  flux  in  each  part  of  the  spectrum. 


The  unit  of  flux,  which  is  now  the  fundamental  unit 
for  practically  all  work  on  illumination,  is  the  lumen 
and  is  the  flux  emitted  by  a  uniform  source  of  unit 
intensity  (as  shortly  to  be  defined)  within  unit  solid 
angle,  i.e.  the  flux  falling  on  a  unit  area  on  the  surface 
of  a  sphere  of  unit  radius  with  its  centre  at  the  source. 

It  foUows  from  the  above  definition  of  the  lumen  that 
the  unit  of  intensity,  the  candle-power,  is  i  lumen  per 
unit  solid  angle  and  that  a  source  of  i  M.S.C.P.  emits 
4  77  lumens. 

The  candle-power  is  arbitrarily  defined  by  means  of 
some  standard,  such  as  the  Harcourt  pentane  lamp  or 
the  Hefner  lamp,  the  horizontal  intensity  of  which  is 
accurately  known  under  specified  conditions  of  burning, 
when  the  necessary  corrections  are  made  for  the 
barometric  pressure,  humidity,  and  ox}'gen  and  carbon- 
dioxide  contents  of  the  atmosphere. 

It  wUl  thus  be  seen  that,  in  practical  photometric  work, 
the  candle-power  remains  the  fundamental  unit  since 
it  alone  is  directly  reproducible  from  specifications.  In 
practically  all  other  cases  it  has  been  replaced  by  the 
lumen. 

The  illumination  of  a  surface  is  the  flux  density 
incident  upon  it.  The  usual  unit  of  illumination  is 
the  foot-candle  and  is  the  illumination  on  a  surface 
placed  normally  at  a  distance  of  i  foot  from  a  source 
of  I  candle-power.  From  the  above  definition  of  the 
lumen  it  is  clear  that  an  incident  flux  density  of  1  lumen 
per  square  foot  gives  an  illumination  of  i  foot-candle. 
The  foot-candle  is  an  unscientifically-named  unit,  since 
it  is  not,  like  the  foot-pound  or  the  watt-hour,  a  product 
of  two  factors  denoted  by  the  two  parts  of  the  name, 
and  it  would  be  preferable  from  the  scientific  point  of 
view  to  replace  it  by  one  of  the  metric  units,  the  lux 
or  the  phot,  equivalent  respectively  to  i  lumen  per 
square  metre  or  per  square  centimetre,  or  their  deriva- 
tives. The  foot-candle  is,  however,  so  universally 
emploj^ed  in  this  country  that  it  is  not  likely  to  be  given 
up  until  the  metric  system  of  units  is  generally  adopted. 

Closely  related  to  the  illumination  of  a  surface  ia 
its  brightness.  This,  for  a  perfectly  diffusing  surface, 
the  radiation  from  which  is  distributed  according  to 
the  cosine  law,  is  constant  in  all  directions  and  is  equal 
to  the  light  flux  density  emitted  whether  the  surface  is 
self-luminous,  reflecting  or  transmitting. 

In  the  two  latter  cases  it  is  evident  that  the  brightness 
is  equal  to  the  illumination  multiplied  by  the  coefficient 
of  reflection  or  transmission,  and  may  thus  be  expressed 
in  foot-candles  or  in  the  corresponding  metric  units.  The 
chief  of  these  is  the  lambert,  which  has  been  employed 
in  America,  though  as  yet  it  has  hardly  been  introduced 
into  this  country.  It  is  the  brightness  of  a  perfectly- 
diffusing  surface  emitting  i  lumen  per  square  centimetre. 
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For  secondary  sources  this  is  a  very  large  unit  and  the 
milU-lambert  is  generally  used.  For  surfaces  which  do 
not  diffuse  their  light  according  to  the  cosine  law,  the 
brightness  in  any  direction  is  no  longer  equal  to 
the  lumens  emitted  per  unit  area,  but  it  is  equal  to  the 
apparent  lumens  per  unit  area,  i.e.  to  the  lumens  which 
would  be  emitted  by  a  perfectly  diffusing  surface  of  the 
same  brightness.  Brightness  maj-  also  be  expressed  in 
apparent  candle-power  per  unit  area,  which  is  the 
candle-power  in  the  direction  considered,  di\'ided  by 
the  projected  area  of  the  surface.  This  method  of 
measuring  brightness  is  generally  used  for  self-luminous 
surfaces,  but  values  expressed  in  one  system  can  be 
readily  translated  into  the  other,  since  in  all  cases : — 

Apparent  lumens  per  unit  area  =  tt  X  apparent 
c.p.  per  unit  area,  or,  in  the  metric  system, 
lamberts  =  tt  X  apparent  c.p.  per  sq.  cm. 

Thus,  instruments  such  as  will  shortly  be  described, 
which  measure  illumination  by  observation  of  the 
brightness  of  a  white  diffusing  screen,  may  readily  be 
arranged  to  give  direct  readings  of  apparent  candle- 
power  per  unit  area  by  allowing  for  the  coefficient  of 
reflection  of  the  screen  and  for  the  constant  factor  tt. 

Practical  Methods  of  Measurement. 

The  standard  method  of  measuring  candle-power  by 
direct  comparison  with  a  standard  or  sub-standard 
lamp  in  a  bench  photometer  is  so  well-known  as  to 
need  no  detailed  description. 

The  measurement  of  flux  involves  an  integration  of 
the  candle-power  in  all  directions.  Owing  to  the  var\ing 
area  of  zones  taken  at  different  angles,  however,  this 
summation  cannot  be  performed  directly  by  averaging 
the  ordinates  of  the  polar  curve.  In  general  the  integra- 
tion is  performed  by  means  of  one  of  the  well-known 
analytical  methods  or  their  graphical  equivalents,  such 
as  Rousseau's  or  Kennelly's  method,  applied  to  the 
polar  curve.  The  flux  of  a  lamp  may  also  be  found 
experimentally  by  the  use  of  integrating  mirrors, 
arranged  to  weight  the  intensity  at  each  angle  to  the 
proper  extent,  or  by  means  of  the  well-known  Ulbricht 
globe. 

The  development  of  instruments  for  the  measurement 
of  illumination  forms  one  of  the  most  striking  features 
of  recent  progress  in  the  science  of  illumination.  The 
ordinary  bench  photometer  actually  compares  illumin- 
ations, and  the  illumination  photometer  is  thus  identically 
the  same  in  principle.  It  is  modified  in  form,  however, 
to  provide  a  portable  instrument  suitable  for  measuring 
the  illumination  at  any  point  conveniently  without  any 
pretence  to  a  high  degree  of  accuracy.  Such  instruments 
■may  be  fitted  with  an  internal  screen  to  receive  the 
illumination  to  be  measured,  or  the  screen  may  be 
detached  so  as  to  be  more  readilj^  placed  in  any  desired 
position  and  then  viewed  through  the  instrument. 
The  following  are  some  of  the  chief  types  of  illumination 
photometer  at  present  in  use  :  — 

(i)  The  Lumograd  of  Messrs.  Siemens  Bros,  is  of 
interest  as  being  a  link  between  the  bench  photometer 
and  the  illumination  photometer.  It  is  in  fact  a  minia- 
ture bench  photometer  in  portable  form,  containing  a 

Vol.  58. 


small  electric  lamp,  the  distance  of  which  from  a  photo- 
meter screen  is  varied  by  means  of  a  rack  driven  from 
a  spindle  which  also  carries  a  pointer  moving  over  a 
dial.  The  screen  consists  of  two  sheets  of  celluloid 
separated  by  a  thin  sheet  of  lead,  one  .side  being  illumin- 
ated by  the  lamp  and  the  other  receiving  the  illumination 
to  be  measured.  The  two  sides  are  viewed  simultaneously 
[  by  means  of  mirrors  in  the  usual  way.  A  2  •5-volt  lamp 
is  used,  connected  through  a  press  switch  to  a  i-5-volt 
I  dry  cell  of  large  capacity  to  ensure  constancy  of  voltage 
j  and  candle-power  over  a  long  period.  Absorbing  glasses, 
which  may  be  placed  on  either  side  of  the  screen,  greatly 
extend  the  range  of  intensities  measurable.  The  instru- 
ment is  chiefly  suitable  for  measuring  the  illumina- 
tion normal  to  the  direction  of  the  source,  from  which 
the  candle-power  may  at  once  be  found  by  applying 
the  inverse-square  law,  and  polar  curves  may  readily 
be  obtained. 

(2)  The   Trotter    photometer    (Fig.    i),    one   of    the 
first  types  to  be  developed,  has  a  mat-white  screen  (A) 


To  4  v.   ge 
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Fig.   r. — The  Trotter  photometer. 

on  the  top  of  the  case,  on  which  falls  the  illumination 
to  be  measured.  By  looking  through  a  hole  in  this 
screen  in  a  direction  approximately  20°  from  the  vertical 
and  definitely  fixed  by  adjusting  a  pointed  projection 
within  in  line  with  the  slot  in  the  screen,  a  second 
internal  screen  (B),  illuminated  by  a  small  electric 
lamp  (C),  may  be  compared  with  the  external  screen. 
Balance  is  obtained  by  turning  a  milled  head  which 
tilts  the  internal  screen,  thereby  altering  the  angle  at 
which  the  light  falls  on  it  and  moving  a  pointer  over 
a  dial.  The  screen  is  tilted  by  means  of  a  snail  cam  (D) 
to  give  a  wider  scale  at  low  illuminations.  The  lamp  is 
run  from  a  4-volt  accumulator  battery,  reliance  being 
placed  on  the  constancy  of  the  cell  voltage  during 
discharge  to  maintain  the  candle-power  constant, 
although  if  special  accuracy  is  desired  the  voltage  may 
be  measured  and  the  lamp  set  accordingly  on  a  special 
scale.  For  measuring  the  horizontal  illumination,  which 
is  usually  adopted  as  a  criterion  of  the  total  illumination, 
the  instrument  may  be  adjusted  by  a  spirit-level  and 
the  angle  at  which  the  light  is  being  received,  which  is 
required  if  the  candle-power  is  to  be  deduced  from  the 
readings,  is  then  given  by  the  shadow  of  a  small  pin 
on  an  angular  scale  (E).     If  adjusted  to  measure  the 
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normal  illumination,  the  angle  of  inclination  to  the 
vertical  is  recorded  by  means  of  a  small  steel  ball  running 
on  a  circular  ledge  on  the  side  of  the  case. 

{3)  The  Luxometer  of  Messrs,  Everett,  Edgcumbe  & 
Co.  is  a  modification  of  the  Trotter  instrument.  The 
size  is  considerably  reduced  and  the  instrument  is 
extremely  portable.  The  screen  on  top  of  the  case  is 
replaced  by  a  separate  screen  carried  on  a  sliding  strip 
which  is  mounted  on  the  case,  or  by  an  entirely  detached 
screen  placed  in  any  desired  position.  This  screen  is 
viewed  directly  through  an  eyepiece,  half  the  field 
of  which  is  occupied  by  a  mirror  reflecting  an  image 
of  an  internal  screen  illuminated  by  a  4-\olt  lamp  and 


Fig.  2. — Shutter  of  luraeter,  showing  shape  of  slot. 

tilted  to  obtain  balance  by  turning  a  milled  head, 
exactly  as  in  the  Trotter  instrument.  The  Luxometer 
may  be  directed  at  any  surface  whatever  to  measure 
apparent  brightness  in  foot-candles,  but  for  illumination 
and  candle-power  readings  it  must  be  used  with  a  mat- 
white  surface  of  standard  reflecting  properties. 

{.\)  The  Holophane  Lumeter  is  based  on  the  same 
principle  and  again  employs  a  separate  mat-white  screen 
which  is  viewed  directly  through  the  eyepiece  and  through 
a  small  circular  hole  in  a  screen  illuminated  by  an  internal 
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Fig.  3. — The  Harrison  Universal  photometer. 

lamp.  As  before,  the  lamp  is  run  on  a  4-volt  accumulator 
battery  without  any  means  of  adj  usting  the  candle-power, 
but  the  method  of  controlling  the  illumination  produced 
is  novel.  An  arm  outside  the  case,  carrying  a  pointer 
provided  with  a  direct-reading  scale,  moves  a  shutter  in 
wliich  is  an  irregular  aperture  across  an  opal  screen. 
The  aperture  is  ten  times  as  wide  for  half  its  length  as 
for  the  other  half  (cf .  Fig.  2)  and  by  this  means  the  scale 
is  much  expanded  for  low  illuminations.  By  inserting 
either  or  both  of  two  absorbing  glass  screens  the  scale 
may  be  multiplied  by  10,  100,  or  1,000,  thus  giving  a 
very  extensive  range.  Like  the  Luxometer,  the  instru- 
ment may  be  readily  employed  to  measure  brightness. 
(5)  The   Harrison   Universal   photometer   of  Messrs. 


Elliott  Brothers  (cf.  Fig.  3)  possesses  the  distinctive 
feature  of  a  flicker  disc  for  comparisons  when  there  is 
a  colour  difference  between  the  illumination  measured 
and  that  given  by  the  standard.  The  sector  disc  (A), 
which  is  rotated  by  an  air-blast  from  a  hand-operated 
air-pressure  bulb,  is  mounted  at  an  inclination  ol  43° 
just  inside  a  small  door  (B)  in  the  case,  and  is  viewed 
through  an  eyepiece  (C)  from  above.  Behind  the  sectors 
is  a  mirror  (D)  reflecting  an  image  of  an  internal  screen 
(E)  illuminated  by  a  standard  4-volt  lamp  (F)  run  from 
accumulators.  To  obtain  balance  the  inclination  of  the 
screen  is  adjusted  by  turning  an  external  pointer  (G) 
until  the  flicker  disappears.  The  flicker  disc  may  also 
be  clamped  to  occupy  half  the  field,  and  readings  made 
by  direct  comparison.  In  either  case  the  disc  should 
be  placed  normal  to  the  light  source,  though  a  correction 
may  be  made  for  any  deviation  from  this  condition 
from  the  reading  of  a  clinometer  on  the  instrument. 
To  measure  total  horizontal  illumination  the  flicker  disc 
is  not  used  and  the  eyepiece  is  removed,  uncovering 
a  white  screen,  through  a  perforation  in  which  the 
internal  adjustable  screen  may  be  viewed.  Three 
ranges  are  a\-ailable  by  varying  the  position  of  a  plug 
completing  the  lamp  circuit  through  different  resistances. 
Tliis  method  is  not  generally  desirable  owing  to  the 
colour  changes  produced,  but  with  the  flicker  disc  tliis 
is  not  important. 

Intensity  of  Illumination. 

The  most  obvious  requirement  in  a  lighting  installation 
is  the  provision  of  an  adequate  intensity  of  illumination. 
Generally  in  artificial-Hghting  systems  it  is  not  possible 
to  provide  intensities  approaching  those  obtained  from 
daylight.  Fortunatel)^  however,  this  is  not  essential, 
as  owing  to  the  power  of  adaptation  of  the  eye  a  much 
lower  value  will  give  satisfactory  vision.  The  intensity 
required  varies  greatly  in  different  classes  of  illumination 
and  experience  is  often  the  best  guide,  but  the  following 
table  gives  some  fairly  well-established  values  of  mean 
horizontal  illumination,  although  considerable  latitude 
must  be  allowed  in  individual  cases. 

Places  illuminated  Foot  clndles 

Suburban  residence  streets        .  .          .  .     0-02 
Well-used  business  streets         .  .          .  .     0-2 
Very  important  squares  or  street-cross- 
ings         0-5 

Yards,  corridors,  etc.      ..  ..  ..     o-5-i'o 

Machine  shops  and  offices  with  additional 
local  lighting    .  .  . .  .  .  .  .      1-2 

Heavy  assembly  work, power  houses,  etc.     2-3 
Machine  shops  and  offices  without  local 

lighting,  schools,  libraries,  etc.  .  .     3-5 

Drawing  offices,  typesetting,  etc.  . .      8 

Engraving  and  very  fine  work  .  .    10 

Operating  table  ..  ..  ..  ..12 

Shop- windows,  advertisements,  etc.  (the 
figure  depending  on  colour  of  sur- 
faces illuminated  and  brightness  of 
surroundings)  .  .  .  .  .  .      3-15 

In  the  calculation  of  illumination  two  methods  may 
be  adopted.     The  older  point-to-point  method  involves 
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the  separate  calculation  of  the  horizontal  illumination 
at  a  number  of  points,  and  the  plotting  of  the  results 
either  as  linear  distribution  cu;ves  showing  the  varia- 
tion in  illumination  along  one  or  more  straight  lines, 
or  as  contour  curves  connecting  points  of  equal 
illumination.  It  is  still  used  in  connection  with  street- 
lighting,  but  has  been  almost  entirely  replaced  bj'  the 
newer  Hux  method  for  indoor  calculations. 

In  this  method  the  illumination  required  is  found 
from  the  table  and  is  naultiplied  by  the  area  to  be 
illuminated,  giving  the  total  number  of  lumens  required 
on  the  working  plane.  To  determine  the  total  flux  to 
be  generated  use  is  now  made  of  a  "  coefficient  of 
utilization,"  which  is  the  ratio  of  flux  utilized  on  the 
working  plane  to  flux  generated  by  the  lamps.  The 
value  of  this  coefficient  depends  on  the  system  of  lighting 
adopted,  on  the  ratio  of  the  ceiling  height  to  the  width 
and  length  of  the  room,  and  on  the  reflecting  properties 
of  the  ceiling  and  walls.  This  last  factor  is  of  special 
importance,  the  reflection  from  light  ceiling  and  walls 
in  some  cases  adding  from  50  to  70  per  cent  to  the  flux 
utilized.  Allowance  should  also  be  made  for  depreciation 
,  due  to  the  inherent  falling  off  in  candle-power  during 
the  life  of  the  lamp  and  to  the  effect  of  dirt  collecting 
on  the  lamps  and  reflectors.  A  suitable  spacing  for 
the  size  of  the  room  and  type  of  lamp  used  is  then 
decided  upon,  and  from  the  number  of  units  needed  and 
the  total  flux  to  be  supplied  the  size  of  each  unit  may 
be  calculated. 

Avoidance  of  Glare. 

The  subject  of  glare  is  still  in  a  somewhat  confused 
and  indefinite  state  owing  to  the  absence  of  an  adequate 
scientific  basis  of  exact  knowledge  as  to  the  physiological 
actions  taking  place.  It  is  probable  that  two  or  three 
distinct  effects  are  classified  together  under  the  heading 
of  "  glare  "  and  a  satisfactory  definition  is  therefore 
difficult.  Perhaps  one  of  the  best,  because  the  most 
general,  is  that  given  by  the  American  I.E.S.  Committee 
on  Glare  (1915)  which  defines  glare  as  "  Light  shining 
into  the  eye  in  such  a  way  or  of  sufficient  quantity  as 
to  cause  discomfort,  annoyance  or  interference  with 
vision."  The  chief  causes  of  glare  are  excessive  bright- 
ness of  sources  or  other  surfaces,  excessive  contrast  of 
illumination,  flicker,  and  specular  reflections. 

(a)  Excessive  brisjiincss. — iSIost  modern  illuminants, 
especially  electric  lamps,  have  a  very  high  intrinsic 
brilliance,  and  the  presence  of  such  sources  near  the 
line  of  sight  causes  a  contraction  of  the  pupil  with 
consequent  reduced  sensitiveness  of  the  eye,  and  also 
produces  fatigue  of  the  retina  which  still  further  dimin- 
ishes its  sensitiveness.  Hence  such  lamps  should  always 
be  provided  with  accessories  in  the  form  of  reflectors, 
■  refractors,  or  diffusing  globes  and  bowls  to  reduce  the 
brightness  (tliis  often  improving  the  light  distribution) 
and  should  be  placed  as  high  as  possible  so  as  to  be 
well  removed  from  the  line  of  vision.  The  increased 
brightness  of  the  latest  types  of  lamp  has  also  led  to 
a  large  development  of  the  well-known  indirect  and 
semi-direct  systems  of  lighting,  in  which  all  or  most 
of  the  light  is  thrown  on  to  the  ceiling  and  thence 
reflected  into  the  room.  Formerly  it  was  considered 
that  a  brightness  about  equal  to  that  of  the  sky,  or  from 


2  to  3  candles  per  sq.  in.,  was  satisfactory,  but  it  is  now 
recognized  that  a  still  lower  value  is  desirable  and,  for 
schools  and  rooms  in  which  people  are  engaged  for  long 
periods  in  reading  or  writing,  a  brightness  not  exceeding 
250  milli-lamberts  or  about  J  candle  per  sq.  in.  is 
recommended. 

(6)  Excessive  contrast  of  illumination. — The  effect  of 
excessive  intensity  depends  largely  on  the  degree  of 
contrast  between  the  bright  area  and  its  surroundings, 
and  both  with  sources  and  illuminated  surfaces  the  ratio 
of  the  brightnesses  of  the  area  and  its  surroundings, 
particularly  of  the  contiguous  surfaces,  should  be  kept 
small.  The  need  for  this  arises  from  the  eye-fatigue 
resulting  from  the  continual  attempts  of  the  eye  to 
adapt  itself  to  the  brightness  of  the  surface  viewed  and 
to  the  different  conditions  obtaining  at  various  parts 
of  the  retina  when  the  brightness  of  the  surface  viewed 
is  not  uniform.  A  maximum  brightness  ratio  of  100  :  i 
is  generally  aimed  at,  although  the  value  permissible 
depends  on  the  intensity  of  illumination,  and  a  ratio 
of  20  :  I  should  not  be  exceeded  for  neighbouring 
surfaces. 

(c)  Flicker. — This  may  be  regarded  as  successive 
contrast  and  is  harmful  owing  to  the  fatiguing  effect 
on  the  eye  of  repeated  attempts  at  adaptation. 

[d)  Specular  reflection. — This  is  reflection  from  polished 
surfaces,  such  as  furniture  or  glazed  wall-paper  and 
writing  paper,  and  is  a  very  fruitful  and  insidious  cause 
of  glare.  Since  it  obeys  the  law  of  regular  reflection, 
it  may  be  largely  eliminated  by  judicious  control  of 
the  direction  from  which  the  light  is  received. 

Diffusion  of  Illumination. 

In  addition  to  the  diffusion  of  light  which  is  desirable 
in  order  to  reduce  brightness  it  is  generalh'  also  required 
to  diffuse  the  illumination  so  that  it  is  received  from  a 
number  of  different  directions.  This  is  of  value  in 
avoiding  the  "  high-lights  "  due  to  specular  reflection, 
which  have  just  been  referred  to,  and  also  in  reducing 
the  sharpness  and  intensity  of  the  shadows  produced. 
Tliis  object  is  very  eflecti\ely  attained  in  indirect  and 
semi-indirect  lighting,  while  with  direct  lighting  sj-stems 
the  use  of  a  number  of  separate  units  will  achieve  the 
same  result. 

Uniformity  of  Illumination. 

The  need  for  uniformity  of  illumination  to  avoid 
glare  has  already  been  referred  to.  In  many  cases, 
for  example  in  large  offices,  a  high  degree  of  uniformity 
is  required  in  order  that  work  may  be  carried  on  at  any 
point,  and  the  method  of  securing  such  uniformity  will 
now  be  briefly  considered.  On  the  old  point-to-point 
method,  the  illumination  at  the  points  of  maximum  and 
minimum  intensity  had  to  be  calculated  and  the 
installation  arranged  to  bring  this  ratio  down  to  the 
required  value.  Under  present  conditions,  accessories 
have  become  so  standardized  that  for  any  given  type 
the  ratio  of  spacing  distance  to  mounting  height  to 
provide  a  satisfactory  degree  of  uniformity  is  known, 
and  if  the  unit  is  used  with  appropriate  spacing  ratio 
no  further  consideration  need  be  given  to  the  uniformity. 
The  spacing  may  always  be  reduced  below  the  standard 
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value  without  affecting  the  uniformity,  but  if  higher 
illumination  is  required  it  is  generally  more  economical 
to  use  a  large  unit  of  the  same  type  at  the  maximum 
spacing  permissible,  owing  to  the  greater  installation 
cost  with  a  larger  number  of  units. 

In  street-lighting  the  problem  is  somewhat  different, 
owing  to  the  almost  complete  absence  of  light  reflected 
from  the  surroundings,  which  in  the  case  of  indoor 
lighting  greatly  improves  diffusion  and  uniformity  of 
illumination.  The  intensities  dealt  with  are  much  lower 
and  a  high  degree  of  uniformity  is  neither  required  nor 
economically  obtainable.  Two  distinct  cases  have  to 
be  considered  in  street-hghting :  the  high-intensity 
lighting  provided  in  important  squares  and  street- 
crossings,  and  the  moderate  and  low-intensity  lighting 
provided  in  the  great  majority  of  streets.  In  the  former 
case  the  eye  is  in  the  same  state  as  under  da3'light 
conditions  and  is  able  to  discriminate  fine  detail  and 
differences  of  colour.  Sufficient  light  is  provided  to 
give  a  fairly  high  degree  of  uniformity,  and  the  con- 
ditions approximate  more  closely  to  those  obtaining  in 
indoor  lighting.  In  the  second  case  the  eye  becomes 
what  is  known  as  "  dark-adapted  "  and  vision  is  effected 
chiefly  by  contrast  of  light  and  shade  with  very  little, 
if  any,  perception  of  colour. 

In  this  state,  therefore,  objects  are  chiefly  distinguished 
as  silhouettes.  The  lighting  in  streets  where  this  con- 
dition exists  nray  be  purely  beacon  lighting,  intended 
merely  to  mark  out  the  way,  no  attempt  at  uniformity 
being  made,  or  a  sufficient  illumination  for  safety  may 
be  required  at  all  points.  In  the  latter  case,  with  such 
spacing  of  units  as  the  cost  of  standards  and  installation 
will  allow,  the  polar  curve  necessary  for  uniform  illumin- 
ation is  a  very  flat  loop.  To  obtain  such  a  curve  with 
a  reflector  is  practically  impossible  and  would  involve 
the  use  of  an  extremely  large  shallow  dome.  Refractors 
are  therefore  commonly  employed  and  give  a  very  satis- 
factory distribution,  but  even  with  these  it  is  difficult 
to  obtain  a  ratio  of  maximum  to  minimum  illumination 
of  less  that  lo  :  i.  Fortunately,  however,  greater 
uniformity  is  not  required,  as  it  is  found  that  at  points 
of  low  illumination  the  silhouette  effect  is  more  marked, 
while  the  brightness  of  the  street  surface  is  but  little 
diminished.  Moreover,  glare  from  the  lamps,  which  is 
liable  to  occur  with  refractor  units,  is  considerably 
reduced  by  using  wider  spacing. 

Colour. 

The  question  of  colour  in  lighting  is  again  essentially 
a  physiological  problem,  as  although  the  colour  is 
correlated  on  the  physical  side  with  the  wave-length  of 
the  radiations,  subjective  elements  play  a  very  large 
part  in  determining  the  colour  value  of  the  light. 
Spectrum  data  are  always  valuable  but,  owing  to  the 
eye  being  synthetic  and  not  analytic  in  its  operation, 
such  information  is,  in  our  present  state  of  knowledge, 
by  no  means  final. 

In  considering  the  colour  of  the  illuminant  the 
psychological  element  is  of  importance.  Certain  colours 
are  fairly  well  recognized  as  "  warm,"  "  cold  "  or 
"  neutral  "  and  as  having  a  cheering  or  depressing 
effect. 

The  colour  of  the  surroundings  must  also  be  con- 


sidered in  this  connection,  since  after  selective  reflection 
the  colour  composition  of  the  reflected  light  differs 
considerably  from  that  of  the  light  given  by  the  lamp, 
and  the  colour  of  the  resultant  illumination  may  thereby 
be  modified.  By  judicious  combinations  of  the  colour 
of  the  illuminant  and  the  colour  of  the  surroundings 
suitable  and  pleasing  colour  effects  may  be  produced. 
Surroundings  of  a  very  pronounced  tint,  especially  if 
similar  to  that  of  the  illuminant,  are  generally  undesirable, 
as  by  repeated  selective  reflection  the  light  ultimately 
utilized  becomes  too  markedly  of  that  colour.    . 

The  provision  of  monochromatic  light  is  often  useful 
in  increasing  visual  acuity  since,  the  eye  not  being  an 
achromatic  lens  combination,  rays  of  different  colours 
cannot  simultaneously  be  accurately  focused,  and  a 
blurred  image  is  produced.  Tliis  is  important  for 
drawing-office  and  other  fine  work  for  which  approxi- 
mately monochromatic  light  is  often  used,  the  shorter 
wave-lengths  being  generally  preferred. 

Another  important  colour  property  of  the  eye  is  the 
well-known  Purkinje  effect.  At  intensities  below  about 
oi  foot-candle  the  eye  becomes  relatively  more  sensitive 
to  bluish  light,   the  curve  of  luminosity  shifting  con- 


FiG.   4. — The  Purkinje  effect. 

sidcrably  towards  the  blue  end  of  the  spectrum  (cf.  Fig.  4). 
It  should  receive  consideration  in  the  case  of  low-intensity 
illumination,  as  in  street-lighting  or  the  detection  of 
lights  at  a  distance,  such  as  lighthouses  or  railway 
signals.  The  effect  is,  however,  often  counterbalanced 
by  the  "  yellow  spot  effect,"  in  which,  as  an  object 
recedes,  its  image  occupies  a  smaller  area  on  the  retina 
and  coincides  more  entirely  with  the  "  yellow  spot," 
which  is  particularly  sensitive  to  yellowish  light.  Thus 
at  greater  distances  a  yellow  light  tends  to  become 
brighter  than  a  blue  one.  Furthermore,  the  greater 
penetrating  power  of  red  and  yellow  light  in  fogs  and 
dense  atmospheres  often  renders  them  preferable  for 
distance  work. 

Another  very  important  branch  of  coloured  illu- 
mination is  the  production  of  "  artificial  daylight  "  of 
standard  colour  for  work  involving  accurate  colour 
discrimination.  Two  different  daylight  standards  have 
been  proposed,  viz.  north  skylight,  and  noon  sunshine. 
The  former  is  considerably  bluer  than  the  latter  and  is 
used  for  the  most  accurate  work,  but  it  is  more  difficult 
to  obtain.  Artificial  daylight  may  be  obtained  directly 
by  the  use  of  suitable  sources  such  as  the  "Moore" 
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carbon-dioxide  lamp  or  a  combination  of  a  mercury 
arc  and  tungsten  glow-lamp,  but  the  tendency  at  the 
present  time  is  rather  to  use  "a  lamp  giving  light  of 
only  approximately  the  correct  colour  and  to  modify 
the  colour  as  required,  by  means  of  selectively  absorbing 
screens.  Arc  lamps  and  half-watt  lamps  fitted  with 
bluish  screens  to  absorb  the  excess  of  red  light  from  the 
lamps  are  both  suitable.  To  give  north  skylight  a 
large  proportion  of  the  light  has  to  be  absorbed — from 
75  to  85  per  cent  with  half-watt  lamps — but  for  noon 
sunlight,  which  is  satisfactory  for  all  except  the  most 
accurate  colour-matching,  the  absorption  need  not 
exceed  50  per  cent,  which  is  not  serious  with  high- 
eflSciency  illuminants. 

Efficiency. 

In  engineering  work  the  term  "  efficiency  "  denotes 
the  ratio  of  energy  output  to  energy  input.  The  quantity 
commonly  known  as  the  "  efficiency  "  of  a  lamp — the 
watts  per  candle — is  unscientifically  named,  being,  in 
fact,  a  consumption  ;  and,  in  addition,  the  use  of  the 
candle-power  is  very  unsatisfactory,  as  it  provides  no 
accurate  measure  of  the  illuminating  value  of  the  lamp. 
The  introduction  of  the  total  flux  gives  a  more  useful 
quantity,  and  efficiencies  are  now  being  expressed  in 
lumens  per  watt.  It  seems  undesirable,  however,  to 
apply  a  word  which  has  become  generally  standardized 
for  a  ratio  of  energies,  to  a  quantity  of  a  different  char- 
acter, and  it  would  be  well  if  some  other  term,  such  as 
"  efficacy,"  could  be  used  to  denote  this  ratio. 

Moreover,  although  the  best  numerical  value  which 
can  be  employed,  the  lumens  per  watt  do  not  provide 
a  final  measure  of  the  effectiveness  of  the  system,  since 
two  systems  gi\-ing  the  same  number  of  lumens  per 
watt  may  differ  very  ^videly  in  the  value  of  the  illumin- 
ation obtained  owing  to  glare,  colour  effects,  degree 
of  diffusion  etc.,  which  cannot  be  numerically  expressed. 
Thus,  although  in  the  interests  of  economy  the  efficiency 
must  be  carefully  considered,  its  importance  is  relatively 
small,  and  other  requirements  of  good  illumination  should 
not  be  sacrificed  to  it. 

Comparison  of  Candle-power  and  Flux  B.\sis. 

Having  considered  the  chief  elements  involved  in 
the  production  of  good  illumination  it  may  be  well 
to  summarize  the  advantages  of  treating  the  subject 
from  a  flux  basis  rather  than  a  candle-power  basis. 
The  principal  advantages  in  practice  are  as  follows  : — 

(i)  Rating  of  lamps. — Formerly  the  M.H.C.P.  rating 
was  fairly  satisfactory,  as  the  ratio  of  the  M.H.C.P. 
to  the  M.S.C.P.  (and  hence  to  the  total  lighting  power 
of  the  lamp)  was  fairly  constant.  With  the  greatei 
'  variety  of  illuminants  at  the  present  day  and  the 
extensive  use  of  half-watt  lamps  with  spiralized  filaments 
of  various  forms  giving  a  wide  range  of  distribution 
curves,  however,  this  constancy  is  no  longer  maintained 
and     the    M.H.C.P.   is    liable   to   be   very   misleading. 


Furthermore  the  candle-power  can  be  readily  increased 
in  any  given  direction  by  silvering  the  bulb  in  a  suitable 
manner  and  such  "  faking  "  of  lamps  has  actually  been 
carried  on  in  the  past,  while  the  candle-power  rating 
is  no  criterion  of  what  the  lamp  can  do  when  used  with 
a  reflector.  The  flux  rating  on  the  other  hand  is  not 
subject  to  manipulation  and  is  unaltered  by  the  use  of 
reflectors  and  accessories  except  for  the  small  absoi-ption 
which  occurs. 

Projection  units  represent  an  extreme  case  of  the 
magnification  of  candle-power  without  increase  in  flux. 
It  was  these  advantages  of  lumen-rating  which  led  to 
the  introduction  of  the  lumen  in  practical  work,  and  at 
present  it  is  always  used  by  lamp-makers  to  express 
the  illuminating  value  of  their  lamps.  It  is  only  a  matter 
of  time,  until  the  general  engineer,  the  contractor  and 
the  public  are  educated  up  to  its  use,  for  the  lumen  to 
replace  the  candle-power  completely  in  all  references 
to  the  size  and  power  of  illuminants. 

(2)  Easy  calculation  of  illumination. — As  has  been 
pointed  out,  the  relation  between  the  flux  in  lumens, 
the  area  illuminated  and  the  mean  illumination  produced 
is  extremely  simple,  and  the  introduction  oC  flux  avoids 
the  troublesome  point-to-point  calculations  necessary  on 
a  candle-power  basis. 

(3)  Easy  calculation  of  absorption  of  accessories, etc. — 
To  determine  the  absorption  of  a  lamp  accessory  or 
of  any  surface  whatever,  it  is  only  necessary'  to  measure 
the  flux  with  the  accessory  or  other  surface  removed 
and  then  to  measure  it  again  with  it  in  place.  The  ratio 
of  these  two  quantities  gives  the  reflection  or  transmission 
coefficient,  and  its  difference  from  unity  is  the  absorp- 
tion. No  such  simple  relation  holds  with  candle- 
power,  as  the  distribution  is  generally  altered. 

(4)  Diffuse  sources. — Candle-power  methods  are  based 
on  the  assumption  of  point-sources,  always  an  approxi- 
mation, and  now  not  even  a  good  approximation.  With 
the  surface-sources  so  largely  used  at  the  present  time, 
as  for  example  in  indirect  lighting,  the  flux  conception 
is  of  great  value,  as  its  application  is  in  no  waj-  affected 
by  the  fact  that  the  inverse-square  law  no  longer  holds. 
Even  the  diffused  light  from  the  sky  can  be  similarly 
treated,  and  it  is  a  further  advantage  to  be  able  to  deal 
with  problems  of  dajiight  and  artificial  lighting  on  the 
same  lines. 

Conclusion. 
The  subject  of  illumination  has  become  highly 
specialized,  and  it  is  impossible  for  the  average  electrical 
engineer  to  study  at  all  deeply  the  problems  of  good 
lighting,  but  the  author  feels  that  ever>'  engineer  should 
have  some  knowiedge  of  the  general  principles  of 
scientific  methods  of  illumination,  since  it  is  only 
through  the  responsible  engineers  appreciating  the 
need  for  improvement  that  factory-  and  other  classes 
of  lighting,   much  of  which  is  at  present  very  badly 

,    carried    out,    can    be    raised    to    a    more    satisfactory 

I   standard. 
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650th    ordinary    MEETING,     13    MAY,     1920, 
(Held  at  the  Institution  of  Civil  Engineers.) 
T.     Smith,    President,    took    the    chair 


Mr.    Roger 
at  6  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  2<)th 
April,  IQ20,  were  taken  as  read,  and  were  confirmed 
and  signed. 

The  list  of  candidates  for  election  and  transfer  ap- 


proved by  the  Council  for  ballot  was  taken  as  read  and 
was  ordered  to  be  suspended  in  the  Hall. 

A  paper  by  Mr.  S.  Evershed,  Member,  entitled 
"  Permanent  Magnets  in  Theory  and  Practice  "  was 
read  and  discussed,  and  the  meeting  adjourned 
at  7-55  P-m- 


4STH    ANNUAL    GENERAL    MEETING,    20    MAY.     1920. 
(Held  at  the  Institution  of  Civil  Engineers.) 


Mr.  Roger  T.  Smith,  President,  took  the  chair  at 
5.30  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  13th 
May,  1920,  were  taken  as  read,  and  were  confirmed 
and  signed. 

The  President  announced  that  the  scrutineers  (Messrs. 
F.  B.  O.  Hawes,  Professor  J.  T.  MacGregor-Morris  and 
Mr.  W.  E.  Warrilow)  appointed  at  the  Ordmary  Meeting 
of  the  29th  April,  had  reported  to  him  that  they  had 
examined  the  ballot  papers  for  the  election  of  new 
Members  of  Council,  and  that  the  following  had  been 
found  to  be  duly  elected  : — 

President :  Mr.  Ll.  B.  Atkinson. 

Vice-Presidents  :  Dr.  W.  H.  Eccles,  Uv.  J.  S.  Highfield, 
and  Mr.  S.  L.  Pearce,  C.B.E. 

Honorary  Treasurer  :    Sir  James  Devonshire,  K.B.E. 

Ordinary  Members  of  Council  :  Mr.  F.  Gill,  O.B.E., 
Ml-.  P.  V.  Hunter,  C.B.E.,  Mr.  A.  H.  W.  Marshall, 
Mr.  W.  Noble,  Dr.  A.  Russell,  and  Mr.  C.  Vernier. 

A  vote  of  thanks  was  passed  to  the  scrutineers  of 
the  ballot. 

Messrs.  D.  R.  Broadbent  and  P.  Harris  were  appointed 
scrutineers  of  the  ballot  for  the  election  and  transfer 
of  members,  and,  at  the  end  of  the  meeting,  the  result 
of  the  ballot  was  declared  as  follows  : — 


Associate  Members — continued. 


Elections. 

Members. 
Davidson,  William  Ralph.       Round 


Joseph, 


Elwell,  Cyril  Frank. 
Linton,  John  Richard  W. 
Midgley,  Harold  Edward. 
Migotti,  Lorenzo  W. 


Henry 
Capt.,  M.C. 

Tennant,   Norman  Schole- 
field,  M.Sc. 

Turner,      Laurence      Bed- 
dome,  M..\. 


Associate  Members. 
Allan,  William.  Barnard,  Alfred  George  S. 

Amor,  Frank.  Bastable,  Herbert  Arthur. 

Badger,  William  James.  Beaumont,  Arthur  William 

Barker,     Ernest    Francis,      Buglass,  John  Ferguson. 
W.,  Lt.-Col.  Carter,  William  Robert. 


Cartland,  Reginald  .^voncl. 
Clayton,  Harry. 
Cousins,  Alban  Bertie. 
Curtis,  Harry  Stuart,  B.Sc. 
Eraser,  Andrew  Moore. 
Gerrald,  Harold,  ]\I.Sc. 
Green,  Frederick  William, 

B.Sc.  (Eng.). 
Green,  Horace. 
Gubbins,  Thomas  Russell, 

B.Sc. 
Hamilton, Benjamin  Henry 

N.  H. 
Harris,  Frederick  Pool. 
Hodgkinson,  Thomas  Crer- 

ald. 
Kirkpatrick,  George  Louis. 
Langrish,  Noel  George. 
Lawrence,  Nathaniel. 


Lemmon,  Samuel  William. 

Macdonald,  George. 

McKeown,  John  Alexander. 

Marler,  Walter  Sydney. 

Marshall,  George. 

Norfolk,  Thomas  Lord. 

Patterson,  Robert  Norman 

Pedrick,  Thomas. 

Rudge,  Edwyn  Ross. 

Shuttleworth,  Charles  Ir- 
win. 

Siviour,  Sidney  Reginald. 

Stobie,  Victor. 

Thomson,  Alexander,  Jun. 

Tokuda,  Inosuke,  Com- 
mander, I.J.N. 

Van  de  Merwe,  Daniel 
Stefanus,  B.Sc.  (Eng.). 

Williams,  David  Gwyn. 


Graduates. 


Bailey,  Albert  Clifford. 

Bennett,  Hedlejr  Harry  G. 

Bremner,  Francis  Donald 
H„  B.A. 

Bulman,  Christopher  How- 
ard. 

Catton,  Harold. 

Chamen,  William  Francis. 

Clare,  Charles  Frederick. 

Coffee,  Randall. 

Conville,  Alfred. 

Denton,  Robert  .\lan  E. 

Finney,  Percival  Francis. 

Greig,  George. 

Harris,Augustus  Frederick. 

Hilton,  Christopher  Fred- 
erick. 

Home,  Walter. 


Hutton, Frank  Willoughby. 

Ingham,  Herbert  Edward. 

Lovell,  Edward  Pliilip. 

Machin,  Ben. 

Nicholson,  William  Ed- 
ward B. 

Physick,  Nino  ^^'illiam. 

Poison,  William  Fairlie. 

Poore,  WiUiam  Graj'don, 
B.A. 

Read,  Ralph  Sidney. 

Saucedo-Redondo,  Godo- 
fredo. 

Skidmore,  Frederick  Wil- 
liam. 

Tremain,  .\rthur  Geoffrey. 

Walker,  Charles  .\braham 
O. 
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Students. 


Adams,  Basil  Norwood. 
Alder,  Charles  Daniel. 
Allman,  Edward  James. 
Arzonie,  Walter  Amoldus. 
Atkins,  Roy  Edward. 
Atkins,  William  Thomas  J. 
Barrett,  George  Edward. 
Barthet,  Esprit  Eugene  T. 
Bates,  Llewehni  Archer. 
Bell,  Leslie  Mandell  T. 
Bessant,  Stanley  James. 
Birt,  Ronald. 
Bowden,  Lionel  Maurice. 
Braid,  David  Hah^burton. 
Brain,  Vivian  James  F. 
Bristow,  Ralph  Eric. 
Brown,  HarrJ^ 
Bullock,  Percy  Charles. 
Burgess,  William. 
Bumie,  Eric. 

Carey,   Windham  Francis, 
.      B.Eng. 
Carson,  William  Noel. 
Causbey,  Reginald  John. 
Childs,  John  Stanley  E. 
Colebrook,  Francis  ]^IorleJ^ 
Collyer,  Harold  James. 
Cook,  Robert  Middleton. 
Cooper,  A\'illiani  Fordham 

C. 
Cragg,  Robert  Ira. 
Damp,  John  William. 
Da\-ies,  Wallace  Dunmall. 
de  Lancastre,  Pedro. 
Deiine,  Frank  Ernest. 
Donovan,  Eric  Theodore  G. 
Doxat-Pratt,  Maurice. 
Elliott,  Noel. 
Emms,  Sydney  Albert  G. 
Fearon,  Philip  Vivian. 
Ferris,  Clarence  Henry. 
Franks,  Henry  Bertram  S. 
Galea,  Robert  F. 
Gir\-an,  \\'illiam,  Jun. 
Goodchild,  Norman  Walter 
Gorham,  Maurice  Laver. 
Grainger,  Gordon. 
Greenbank,     Joseph     \\'il- 

liam. 
Grimmer,     George    Skef- 

fington  M. 
Harrison,  Arthur  Casswell. 
■Hope-Tait,  Hamilton. 
Hunter,  Norman. 
Johnson,  Leslie  William. 
Johnston,  Walter  Newman. 
Jolly,  Edward  Ernest. 


Jordan,  William  Stewart. 

Knowles,  Horace  Albert. 

Lambert,  Leonard  John  G. 

Leakey,  Reginald  Edward. 

Lennox,  Edward  Cecil. 

Lmford,  Edna  Joan  (Miss). 

Long,  Arthur  Leslie. 

Long,  John  Noble. 

Lovely,  Wilham  Stanley. 

McMe,  Allan. 

Martin,  Douglas  William  C. 

Mathews,  Denys  C\Til  H. 

Matt,  Hermann  Albert. 

Millington,  Stanley. 

Blontague,  William  Mc- 
Adam  T. 

Neal,  Albert  Frederick. 

Newland, Ernest  William  J. 

Nicholson,  Graham  Frank- 
lin. 

Pamment,  Frank  Towns- 
end. 

Poole,  George  Arthur 
H.  E. 

Priddle,  Albert  Thomas. 

Pryce-Jones,  Hubert. 

Radcliffe,  Charles  Joseph, 
B.N. 

Roberts,  Morris  Gljm. 

Robins,  John  Henry. 

Scott,  John  Dunbar. 

Seager,  Alfred  Charles. 

Seccombe,  Alfred  John  L. 

Sharp,  Henry  Poland. 

Short,  \\'illiam  James  C. 

Skinner,  Walter  Reginald 
T. 

Stafford-Ball,  Hereward 
Thomas. 

Steel,  Harry  Gordon. 

Stewart,  James  Urquhart. 

Stopford,  Charles  William, 

Stuart,  Joseph  Ross1>ti. 

Tassell,  Reginald  Wilham. 

Telfer,  John. 

Thomas,  Horace  Augustus. 

Tiedeman,  Thomas. 

Tolton,  William  George. 

Wagstaffe,  Charles  Fred- 
erick A. 

Ward,  Leslie  Edward. 

Watkui,  Harold. 

Whalley,  Rupert  Harold. 

Winder,  Reuben  Frederick. 

AMthrmgton,  Herbert 

Henry. 

Wright,  Maurice  McGill. 


Associates. 

Griffiths,  B'lartin.  Hosgood,  Octa\ius  Sidney. 

Sloan,  George  Andrew. 


Transfers. 

Associate  Member  to  Member. 


Allan,  Percy  Frederick. 
Aj-ton,  Reginald. 
Brettelle,  Clifford  Oswald. 
Coates,  William  .\nselm. 
Dinham-Peren,     Arthur 

Edward  H. 
Edmundson,  Jolm  Edgar. 
Ellis,  Alfred  George. 
Ferguson,  Samuel. 
Gibson,  Samuel  Cameron. 
Highfield,  William  Eden. 
Hirst,  John,  B.A. 
Hutchins,     Thomas     M'il- 

liam  S. 
James,  William  Lewis. 
Kemp,     Philip,    JLSc. 

(Tech.). 


Kennett,  Alick  James  N. 
Lewenz,  Henrjr  Ivan. 
Lewis,  Lucien  Alexander. 
Longman,  Robert  JIartm. 
Marr,  William  Bell,  B.Sc. 
New,  Charles  George  M. 
Nimmo,  Henry  W.,  Capt., 

R.E. 
Paton,  George  Kinnaird. 
Phillips,  Alexander  Dick. 
Salter,  Gh'nn. 
Taylor,  John  Dean. 
Thompson,   John  Lindley, 

M.Sc. 
Thorp,  Edgar  Leslie. 
Wa>i:e,  William  Joseph. 
M'oods,  Herbert  Frank  G. 


Graduate  to  Associate  Member. 

Khanna,    Jagannath    Pra-      Neale,     Reginald     Edgar, 

sad.  B.Sc. 

Monks,  Cuthbert  Edgar.  Webb,  Richard  Jeffrey. 

Student  to  Associate  Member. 

Jackson,    William   Gordon     McMahon,    Reginald    Ar- 
C.  tane. 

Prescott,  James  Cuthbert. 

Associate  to  Associate  Member. 
Brown,  Walter,  M.A.,  B.Sc. 


Breeze,  Robert  Bagot. 

Bridge,  Albert. 

Dos  Ramos,  Herculano 

Lourenco. 
Leeson,  Brian  Ernest. 
Macpherson,  A.  W.  Roy. 


Student  to  Graduate. 

Morris,  Charles  Isted. 
Puttick,  Harold  Walter. 
Sanyal,  Kshitish  Chandra. 
Thomas,  Alan  Ormond. 
Thomas,  William  John. 
Young,  William. 


The  President,  after  summarizmg  the  Annual  Report 
of  the  Council  for  the  year  1919-20  (see  page  308), 
moved  :  "  That  the  Annual  Report  of  the  Council 
for  the  year  1919-20  as  presented  be  received  and 
adopted." 

The  resolution  was  seconded  by  Mr.  J.  Shepherd, 
put  to  the  meeting  and  unanimously  adopted. 

Sir  James  Devonsliire  (Honorary  Treasurer)  then 
moved  the  following  resolution  :  "  That  the  Statement 
of  Accounts  and  the  Balance  Sheet  for  the  year  ended 
31st  December,  1919,  as  presented  be  received  and 
adopted."  In  movmg  the  resolution  Sir  James  Devon- 
shire said  :  "  I  desire  to  refer  to  the  fact  that  this  is  my 
first  presentation  of  the  accounts  since  the  regrettable 
resignation  of  Mr.  Kingsbury,  who  so  ably  fulfilled 
the  office  of  Hon.  Treasurer  to  the  great  advantage 
of  the  Institution  fronr  1915  to  1919,  and  by  whom 
a  high  standard  of  excellence  has  been  set  me  which 
it  will  be  my  sincere  desire  to  follo^v  to  the  best  of  my 
abihty. 

"  Income  and  Expenditure. — .\s  will  be  seen  by  the 
printed  report  which  has  been  issued  to  members  (see 
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page  320),  there  is  a  margin  to  the  good  on  the  Revenue 
Account  for  1919  of  ;£i,495  3s.  3^-  after  naaking  full 
pro\-ision  for  contingencies  ;  and  this  amount,  which 
has  been  carried  to  the  credit  of  the  General  Fund, 
compared  with  £i:2-jo  iis.  5d.  in  1918  shows  an  increase 
of  £22.^  IIS.  lod.  The  total  expenditure  for  1919  was 
/2},og7,  as  compared  with  1/^17,376  in  1918,  an  increase 
of  £6,'j2i,  the  principal  items  occurring  under  the  heads 
of  '  Management  '  which  is  up  by  ;^3,328,  the  Journal 
which  is  responsible  for  an  increase  of  ;fi,038,  and  the 
Territorial  Centres.  Meetings,  etc.  On  the  other  side 
of  the  Account  the  income  shows  a  gratifying  expansion 
by  reason  of  the  fact  that  the  subscriptions  for  the 
year  were  ;£i9,532  is.  4d.  as  against  ;^i6,344  2s.  2d. 
for  the  previous  year,  an  increase  of  ;^3,i87  19s.  2d. 
There  has  been  a  slight  re-arrangement  of  this  year's 
Accounts  of  the  entrance  fees  and  vellum  diploma 
fees  ;  the  latter  have  been  taken  out  of  the  heading 
of  Building  Fund  and  brought  in  with  entrance  fees. 
The  life  compositions  show  an  increase  of  £2-jj  4s., 
namely,  ;^32i  6s.  as  against  ;^44  2S.  a  year  ago, 
and  as  was  also  to  be  expected,  in  view  of  the  larger 
sums  invested,  the  dividends  on  in\'estments  have 
gone  up  and  stand  now  at  ;^i,357  14s.  4d.  as  against 
£99i  13s-  in  the  previous  account,  an  increase  of 
;^364  IS.  4d.  Another  pleasing  increase  is  the  rent 
from  tenants,  viz.  £(),z^o  5s.  as  against  ;^5,865  los., 
an  increase  of  ^374  15s.  This  is  due  to  the  fact  that 
the  upper  floors  of  our  premises  on  the  Embankment 
have  been  advantageously  re-let  at  an  increased  rent. 
The  net  rental  from  our  Tothill-street  property  has 
also  improved  from  ;^369  15s.  lod.  to  /sag  14s.  4d., 
an  increase  of  £1^9  i8s.  6d.,  due  to  the  smaller  expendi- 
ture which  we  had  to  incur  there. 

"  Balance  Sheet. — Turning  now  to  the  Balance  Sheet, 
on  the  liabilities  side  a  change  in  the  form  of  the  accounts 
has  been  introduced  and  the  item  of  Building  Fund 
which  has  for  several  years  past  been  found  at  the 
head  of  the  liabilities  has  now  been  merged  into  the 
General  Fund.  Tliis  was  the  result  of  a  meeting  with 
the  auditors,  who  ha^•e  approved  the  arrangement.-  Con- 
sequentlv,  the  lirst  item  this  year  is  Economic  Life  As- 
surance Society  which  last  year  stood  at  ;^3i,074  3s.  5d., 
and  is  reduced  to  ;^30,i98  5s.  5d.  by  ;^875  18s., 
the  amount  of  the  obligatory  annual  re-payment 
to  the  Assurance  Society.  The  mortgage  on  the  Totliill- 
street  property  of  course  stands  as  before.  The  Trust 
Funds  Capital  Account  stands  at  a  higher  figure,  gene- 
rally due  to  the  fact  that  the  Paul  Scholarship  of  ;£500 
now  appears  for  the  first  time,  and  the  invested  income 
of  the  Wilde  Benevolent  Fund  shown  separately  last 
year  as  £640  14s.  8d.  has  now  been  brought  in  under 
this  head,  increasing  it  to  ;^2,586  19s.  2d.,  including 
an  additional  investment  in  1919  of  ;^ioo.  The  Reserve 
Fund  (mortgage  redemption  and  contingencies)  wliich 
last  year  stood  at  /8,ooo  now  stands  at  /i  1,000,  an 
increase  of  ;f3.ooo.  The  General  Fund,  as  already 
mentioned,  is  now  augmented  by  the  amount  formerly 
standing  to  the  debit  of  the  Building  Fund  and  now 
stands  at  ;^8o,834  12s.  8d.  On  the  assets  side  the 
amount  of  the  Institution  building  and  lease  is  shown 


as  ;^70,o68  18s.  6d.  as  against  £jo,^^(r  los.  8d.,  the 
diflference,  viz.  ^277  12s.  2d.,  being  the  amounts  of 
the  two  premiums  paid  during  the  year  in  respect  of 
the  policies  of  redemption  which  have  been  taken  out 
to  secure  the  principal  sum  of  ;£75,ooo  at  the  termina- 
tion of  the  lease  of  the  Institution  Building  in  1984. 
I  regret  to  think  that  there  is  no  possibility  of  your 
Treasurer  of  to-day  being  able  to  tender  you  any 
assistance  in  realizing  those  sums  at  the  due  date. 
The  only  other  item  I  need  call  attention  to  is  the  General 
and  Reserve  Funds  investments.  Last  year  these 
stood  at  ^19,985  IS.  7d.,  whereas  tliis  year  they  amount 
to  /26,985  IS.  7d.,  an  increase  of  £y,ooo,  which  must 
be  regarded  as  a  matter  for  gratification.  To  prevent 
members  of  the  Institution  bemg  unduly  elated  in 
this  regard  I  may  remmd  them  that  these  investments 
have  suffered  considerable  depreciation.  For  this 
reason  among  others  it  is  very  undesirable  that  any 
future  deficiency  in  revenue  should  be  taken  out  of 
reserve. 

In  conclusion  I  desire  to  call  the  attention  of 
members  to  paragraph  (11)  in  the  Council's  Report 
on  page  311  : — '  Practically  all  expenses  of  administra- 
tion and  the  cost  of  everj'thing  that  the  Institution 
has  to  buy  have  shown  a  considerable  advance  since 
the  Institution  was  in  its  own  home  ;  and  when  it 
returns  to  adequate  accommodation  and  full  acti\'ities, 
it  is  more  than  probable  that  the  revenue  will  fall 
short  of  the  actual  requuements,  notwithstanding  the 
exercise  of  the  strictest  economy.  If  the  activities  of 
the  Institution  are  to  be  mauitained  and  extended  some 
increase  in  the  subscriptions  may  have  to  be  proposed.'  " 

The  resolution  was  seconded  by  IMajor  A.  E.  Levin, 
and  after  the  Honorary  Treasurer  had  replied  to  ques- 
tions by  INIr.  W.  C.  P.  Tapper  and  Professor  J.  T. 
MacGregor-Morris,  the  resolution  was  put  to  the  meeting 
and  unanimously  adopted. 

The  following  resolution,  moved  by  Dr.  W.  H.  Eccles 
and  seconded  by  Professor  J.  T.  MacGregor-Morris, 
was  carried  unanimously  :  "  That  the  best  thanks  of 
the  Institution  be  and  are  hereby  accorded  to  the 
Council  of  the  Institution  of  Civil  Engineers  for  the 
land  hospitality  extended  by  them  to  the  Institution 
in  placing  their  meetmg  rooms  and  library  at  its  dis- 
posal." 

Mr.  LI.  B.  Atkinson  then  moved  :  "  That  the  best 
thanks  of  the  Institution  be  accorded  to  the  following 
officers  for  their  valuable  serv'ices  during  the  past  year  : 
(a)  the  Honorary  Secretaries  of  the  Territorial  Centres 
and  the  Local  Honorary  Secretaries  and  Treasurers 
abroad  ;  {b)  the  Honorary  Treasurer,  Sir  James  Devon- 
shire, K.B.E.,  and  (c)  the  Honorary  Solicitors,  Messrs. 
Bristows,  Cooke  &  Carpmael." 

The  resolution,  having  been  seconded  by  Mr.  W.  M. 
Selvey,  was  unanimously  adopted. 

Mr.  A.  F.  Harmer  moved  :  "  That  Messrs.  Allen, 
Attfield  and  Co.  be  appointed  Auditors  for  the  year 
1920-21." 

The  resolution  was  seconded  by  Mr,  P,  S.  Pitt  and 
carried  unanimousl}-. 

The  meeting  terminated  at  7  p.m, 
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NOTE     ON     THE     THERMAL     EFFICIENCY    OF     THE    GENERATION    AND 

USE    OF    GAS    AND    ELECTRICITY. 


By    Sii     DuGALD    Clerk,    K.B.E.,    D.Sc,    F.R.S. 

(Paper  received   29  May,  and  read  before  The  Institution  16  June,    1920.) 


On  March  19th,  1919,  I  read  a  Paper  entitled  "  Dis- 
tribution of  Heat,  Light,  and  Motive  Power  bj'  Gas 
and  Electricity  "  at  the  Ro3'al  Societj^  of  Arts. 

In  conjunction  with  Professor  Arthur  Smithells, 
C.M.G.,  F.R.S.,  and  Professor  J.  W.  Cobb,  C.B.E., 
B.Sc,  I  prepared  a  Report  addressed  to  the  President 
of  the  Institution  of  Gas  Engineers  who  then  was  Mr. 
Samuel  Glover.  The  Report  was  entitled  "  On  the 
Coal-Gas  and  Electrical  Supply  Industries  of  the 
United  Kingdom."  This  Report  was  communicated 
to  the  President  of  the  Institution  of  Gas  Engineers 
on  April  14th,  1919,  and  published  immediately  there- 
after. 

As  a  good  deal  of  somewhat  irregular  discussion 
dealing  with  these  two  documents  has  appeared  in 
the  electrical  Press,  in  a  note  to  the  Gas  Journal  dated 
February'  loth,  1920,  I  stated  :  "  It  would  give  me 
great  pleasure  to  discuss  my  Royal  Society  of  Arts 
Paper  and  the  Report  by  Professors  Smithells,  Cobb 
and  myself  at  the  Institution  of  Electrical  Engineers, 
where  I  could  meet  competent  electricians  in  a  friendly 
debate.  The  question  of  the  future  efficiency,  both 
for  gas  and  electricit3%  could  then  be  debated  in  a  fair 
and  honourable  way." 

In  response  to  my  request  your  distinguished  Presi- 
dent, Mr.  Roger  T.  Smith,  invited  me  to  meet  Mr. 
Wordingham  and  himself  in  order  to  decide  upon  the 
feasibiUty  of  such  a  meeting.  Your  President,  I  am 
pleased  to  say,  agreed  with  me  as  to  the  desirability 
of  a  debate  with  the  Institution  of  Electrical  Engineers. 

I  have  great  pleasure  in  opening  that  debate,  as 
arranged,  with  a  short  statement  of  the  matters  raised 
in  these  documents  as  to  the  relative  efficiencies  of  gas 
and  electricit}-. 

Both  Paper  and  Report  discuss  fully  the  thermal 
efficiencies  of  generation  and  distribution  of  gas  and 
electricity,  and  also  the  thermal  efficiencies  of  use  of 
gas  and  electricity  by  various  appliances  when  dis- 
tributed . 
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The  general  conclusions  arrived  at  by  Professors 
Smithells  and  Cobb  and  myself  as  to  generation  and 
distribution  are  summarized  under  the  heading  "  General 
Conclusions,"  Section  49  of  the  Report  (see  page  3 
herewith).  Both  the  present  efficiencies  and  the  future 
efficiencies  for  generation  and  distribution  of  Gas  and 
Electricity  are  dealt  with  under  nine  heads. 

In  the  body  of  the  Report  details  are  given  of  the 
efficiency  of  use  for  the  production  of  light,  for  domestic 
heating,  for  industrial  heating,  and  for  the  production 
of  motive  power.  This  side  is  also  treated  of  in  the 
Paper. 

In  order  to  show  in  a  condensed  form  the  relative 
thermal  efficiencies  of  gas  and  electricity  in  generation, 
distribution  and  use  for  heat,  power,  and  light,  I  pre- 
pared the  Table  annexed  (see  page  2)  which  deals 
^vith  the  values  for  the  present  average  results  for  gas 
and  electricity  in  the  United  Kingdom.  The  Table 
shows  clearly  the  various  steps,  and  in  these  steps  it 
will  be  noticed  that  the  average  efficiency  of  use  for 
gas  and  electricity,  that  is,  the  proportion  of  the  energy 
of  the  gas  or  electricity  deUvered  converted  into  useful 
work,  is  42  per  cent  for  gas  and  59  per  cent  for  electricity. 
The  final  results  show  that  for  heat  production : 


=  4  (approx.) 


Utilized  heat  units  by  gas  18-3 

Utilized  heat  units  by  electricity       4  •  5 

for  power  ; 

Utilized  heat  units  by  gas  10 -g 

Utilized  heat  units  by  electricity       6  •  8 

and  for  light  : 

Candle-power  hours  produced  by  gas  203 

Candle-power  hours  produced  by  electricity     241 


=  1-6 


=0-84 


These  are  the  ultimate  relative  efficiencies. 

From  this  it  will  be  seen  that  the  ultimate  efficiency 
of  gas  for  heating  is  very  much  greater  than  that  of 
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TABLE. 
Thermal  Efficiency  of  Production,  Distribution,  and  Use  of  Gas  and  Electricity  fok  Year  191S 
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COMPARISONS 


HEATCONTENTOF  GAS. 
HEAT  EQUIVALENT  OF  ELECTRICAL  ENERGY. 
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ELECTRICITY. 
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UTILIZED  HEAT  UNITS  BY  CAS. 
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LIGHT 
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C   P  HOURS  PRODUCED  BY  GAS- 


ELECTRICITY. 
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COAL  CONSUMPTION  FOR  EQUAL  PERFORMANCE  . 


265Ufn-s 
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Electricity  Generating  Station. 

COAL  CONSUMPTION  AT  GAS  WORKS. 

..   GENERATING  STATION. 
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electricity  ;  for  producing  motive  power  the  efficiency 
is  considerably  greater  by  gas  than  by  electricity  ; 
and  for  producing  Ught  there  is  a  small  advantage  in 
favour  of  electricitj^. 

The  values  for  the  future  gas  production  and  use 
are  fully  discussed  in  the  Paper  and  the  Report. 

The  general  conclusions  of  Paper  and  Report  are 
that  an  electric  service  of  heat,  light,  and  motive  power 


in  the  proportion  at  present  supplied  by  gas  would 
increase  the  fuel  consumption  of  the  countr}'  for  the 
same  supply  to  over  2  J  times  that  required  by  the 
gasworks. 

Comparmg  in  the  same  way  the  efficiencies  likely 
to  be  obtained  in  the  future  it  is  found  that  gas  will 
still  have  a  large  advantage  in  a  general  system  dis- 
tributing heat,  power  and  light. 


EXTRACT  FROM  THE  REPORT  ON  THE  COAL-GAS  AND  ELECTRICAL  SUPPLY 
INDUSTRIES  OF  THE  UNITED  KINGDOM,  TO  THE  PRESIDENT  OF  THE 
INSTITUTION    OF    GAS    ENGINEERS. 


General  Coxclusions. 

49.  (i)  At  present  the  gasworks  of  the  United 
Kingdom  carbonize  20  million  tons  of  coal  per  annum, 
producing  towns  gas,  coke,  tar  and  other  by-products, 
with  a  thermal  efficiency  of  from  70  to  80  per  cent. 
Even  regarding  gas  as  the  only  useful  product  and 
after  allowing  for  transmission  and  all  other  losses,  the 
consumer  receives  as  inflammable  gas  at  least  45  per 
cent  of  the  heat  value  of  the  coal  which  has  been  used 
at  the  gasworks  to  produce  and  distribute  it. 

Out  of  every  100  heat  units  in  the  coal  used  at  the 
gasworks,  55  are  reckoned  as  lost  in  the  process  of 
gas-making  and  distribution  and  45  are  available  for 
the  use  of  the  consumer. 

{2)  At  present,  the  electricity  generating  stations  of 
the  United  Kingdom,  including  electric  railways, 
deliver  7-6  per  cent  of  the  heat  of  combustion  to  the 
consumer.  The  boiler  loss,  turbine  loss,  thermodynamic 
conversion  of  heat  into  work  and  transmission  loss 
account  for  over  92-0  per  cent  of  the  total  heat. 

Out  of  erery  100  heat  units  produced  by  combustion 
in  the  central  station  boiler  furnaces,  92  are  lost  as 
above  described  and  only  70  are  available  for  the 
purposes  of  the  consumer. 

(3)  Gas  thus  distributes  45  units  of  heat  out  of  100 
at  the  gasworks,  instead  of  y-b  units  of  heat  out  of  100 
£0»sumed  at  the  central  station  to  produce  electricity. 

(4)  At  present  the  best  existing  electricity  generating 
undertaking  in  the  United  Kingdom  delivers  12  per 
cent  to  the  consumer  and  loses  88 -o  per  cent. 

Electricians  promise  for  the  future  super-stations  a 
deliver}'  of  17-6  per  cent.  Here  the  loss  is  82-4  per 
cent. 

(5)  At  present  the  best  existing  gas  practice  in  the 
United    Kingdom   delivers   about   53    per   cent   of   the 


heat  in  the  coal  used  at  the  gasworks  to  produce  it 
and  only  loses  47  per  cent  in  the  work  of  generation 
and  distribution  to  the  consumer. 

In  the  early  future,  all  gasworks  could  distribute 
as  gas  to  the  consumer  one-half  of  the  whole  heat  of 
the  coal  carbonized,  leaving  335  per  cent  of  the  whole 
heat  in  the  unused  coke  and  tar,  thus  realizing  the  high 
thermal  efficiency  of  75  per  cent  in  the  gasification 
process. 

(6)  Thus,  in  the  future,  gas  might  be  expected  to 
deliver  75  heat  units  out  of  every  100  as  compared  with 
the  17-6  to  be  delivered  by  the  prospective  electricity 
super-station . 

(7)  Except  where  temperatures  above  1,700"  C.  are 
required,  electricity,  even  in  the  future,  is  extremely 
wasteful  of  fuel,  when  applied  to  supply  heat.  Gas  is 
many  times  superior  in  the  great  mass  of  heating 
operations. 

(8)  For  lighting  and  power  production,  electricity 
in  the  future  promises  results  which  compare  more 
favourably  with  gas,  but  even  here  the  higher  efficiency 
of  the  gas  engine  as  compared  with  the  steam  engine, 
the  future  economies  in  sight  in  the  production  of 
gas,  and  its  use  with  incandescent  mantles  render  any 
monopoly  claims  of  the  electrical  industries  quite 
unjustifiable. 

(9)  Electricity  is  an  efficient  and  convenient  means 
of  transmitting  power  and  producing  light.  It  is  indis- 
pensable for  electric  railways,  for  transmitting  power 
within  works.  It  is  required  for  man}'  high  temperature 
electro-chemical  processes  and  for  all  electrolytic 
processes,  so  that  it  fills  an  increasingly  important 
field. 

It  is  an  error,  however,  to  suppose  that  electricity 
can  economically  displace  gas  for  heat,  light  and  power. 


Discussion  before  The  Institution',  i6  June,  1920. 


The  President  (Mr.  R.  T.  Smith)  :  I  am  very  glad 
that  this  Institution  has  an  opportunity  of  welcoming 
Sir  Dugald  Clerk,  Professor  J.  W.  Cobb  and  Professor 
Arthur   Smithells,   all   of   whom   have   been   associated 


in  the  Report  to  the  Institution  of  Gas  Engineers,  and 
Sir  Dugald  Clerk  also  read  a  paper  before  the  Royal 
Society  of  Arts  last  March.  Certain  rather  acrimonious 
criticisms  of  Sir  Dugald's  paper  have  appeared  in  the 
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correspondence  columns  of  the  teclmical  Press,  and  Sir 
Dugald  has  been  anxious  to  put  tlie  discussion  on  this 
question  on  rather  a  different  basis.  The  Institution 
of  Electrical  Engineers,  equally  anxious  that  the  dis- 
cussion should  be  raised  to  a  higher  plane,  decided  to 
Lia\'ite  our  friends  to  meet  us  here,  firstly  to  see  if  we 
agreed  about  the  facts,  and,  if  not,  to  see  if  it  were  possible 
to  say  what  facts  are  agreed  and  what  are  not  agreed. 
I  tliink,  however,  that  we  are  meeting  chiefly  to  empha- 
size the  fact  that  we  are  all  engineers  or  scientific  workers 
engaged  in  the  discoven,-  of  facts  and  in  their  discussion, 
and  that  we  desire  to  understand  each  other's  point 
of  view.  Although  the  deductions  that  we  make  from 
these  facts  may  be  different,  it  is  largely  for  that  reason 
we  want  to  be  agreed  on  the  facts  themselves.  I  shall 
ask  Sir  Dugald  Clerk  to  open  the  discussion  and  to 
explain  his  "  Note  "   (see  page  765). 

Sir  Dugald  Clerk  :  In  connection  with  my  "  Note 
on  the  Thermal  Efficiency  of  the  Generation  and  Use 
of  Gas  and  Electricity,"  I  want  to  be  quite  fair  to 
electricity,  and  I  have  always  mentioned  in  the  different 
papers  I  have  written  on  gas  and  electricity  that  there 
are  great  advantages  in  the  electric  motor.  The  effect 
is,  that  although  we  have  a  very  large  number  of  gas 
engines  in  use  in  the  country — over  1,000,000  h.p. — 
yet  a  great  many  people  prefer  electric  motors  ;  in  fact, 
so  much  is  this  the  case  that  a  visit  to  any  large  gas- 
engine  works  will  show  that  whilst  there  is  a  central 
station  generating  electricity  in  every  large  gas-engine 
works,  the  cranes  are  all  electrically  driven  and  electric 
motors  are  used  in  other  ways.  Even  in  my  own 
laboratory  I  had  for  many  years  a  gas  engine  for  my 
experimental  work  and  an  electric  motor  with  it.  Those 
people  who  have  said  I  wished  to  stop  the  progress 
of  electricity  are  under  a  misapprehension.  Nothing 
is  further  from  my  mind  ;  I  welcome  the  progress  of 
electricity.  I  have  studied  its  principles  and  have 
dealt  with  electrical  matters  from  the  beginning  of  the 
industry.  The  first  time  a  gas  engine  was  used  to 
produce  electric  light  in  Scotland  was  when  one  of  my 
engines  drove  a  dynamo  in  Lord  Kelvin's  laboratory 
at  the  University.  It  is  therefore  apparent  that  I 
am  not  entirely  ignorant  of  electricity,  although  I  am 
not  a  professional  electrician.  There  is  a  great  and 
increasing  demand  for  electric  motors,  and  there  are 
some  purposes  for  wliich  gas  engines  cannot  compete 
with  the  electric  motor,  such  as  the  suppl)'  of  electric 
railwa;3-s  and  tramways  and,  to  a  large  extent,  smaller 
power  transmission  applications  ;  people  naturally  use 
the  electric  motor  because  it  is  so  easy  to  start.  ^^Tlen- 
ever  it  comes  to  providing  for  a  uniform  heavy  load 
such  as  a  factory  requires,  the  gas  engineers  compete 
favourably  with  the  electric  engineers  at  present  effi- 
ciencies of  power  distribution.  Some  electrical  writers 
have  imputed  most  mysterious  motives  to  me,  but  they 
forget  I  am  the  oldest  gas-engine  designer  in  Britain 
— ill  fact  the  only  pioneer  left.  I  ha-\-e  always  con- 
sidered the  interests  of  gas  as  of  great  importance  to 
the  country,  and  I  do  not  wish  to  see  it  superseded. 
It  will  be  remembered  that  in  the  Report  of  the  Coal 
Conser^■ation  Sub-Committee  certain  estimates  were 
made.  The  Sub-Committee  thought  that  by  utilizing 
electricity  for  power  and  heat  and  dispensing  with  the 


whole  of  the  present  steam  power  services  about  55 

niillion  tons  of  coal  a  year  could  be  saved.  I  came 
to  the  conclusion  that  that  was  not  correct.  I  do  not 
know  how  the  Sub-Committee  fell  into  the  error,  but 
they  certainly  had  an  inadequate  idea  of  the  thermal 
efficiency  of  the  modem  gas-works,  and  I  felt  bound 
to  go  into  that  matter  because  it  was  a  very  serious  thing 
for  the  country  and  the  gas  industry.  At  that  time 
Members  of  Parliament  were  all  talking  as  if  the  gas 
industry  were  dying  ;  but  it  was  not,  it  was  an  industry 
with  a  capital  of  /^2oo,ooo,ooo  and  growmg  rapidlv. 
It  was  my  purpose  to  show  the  real  facts  about  the 
industry.  I  have  compared  the  efficiencies  likely  to 
be  obtained  in  the  future,  and  I  found  that  gas  will 
have  a  large  advantage  in  a  system  distributing  heat, 
power,  and  light.  So  far  as  heat  is  concerned  gas 
would  still  maintain  its  advantage.  The  column  headed 
"  Gas  "  in  the  table  in  nry  "  Note  "  shows  a  diagram 
di\aded  into  four  sections  of  40,  6,  25  and  29  per  cent 
respectively.  The  29  per  cent  at  the  top  represents 
the  heat  used  in  the  carbonizing  process,  the  25  per 
cent  next  is  the  heat  of  the  gas  transferred  on  the 
average  to  the  holder  in  Great  Britain,  6  per  cent  is 
the  heat  found  in  the  tar,  and  40  per  cent  is  the  heat 
in  the  coke.  To  determine  thermal  efficiency  I  have 
assumed  that  the  40  per  cent  of  the  coke  and  the  6  per 
cent  of  the  tar  are  still  available  ;  they  are  quite  as 
available  for  heating  purposes  as  the  original  coal, 
because  coke  is  very  largely  used  for  boilers  and  for 
many  other  purposes,  and  also  has  a  great  use  in  con- 
nection with  gas  producers  for  gas  engines.  I  consider 
the  heat  the  coke  and  tar  could  give  out  is  heat  which 
is  still  conserved  from  a  ton  of  coal  ;  that  is,  46  per  cent 
is  reserved  from  the  ton  of  coal  for  use  in  another  way. 
Again,  I  have  calculated  the  efficiency  of  gas  production 
by  debiting  the  production  of  gas  with  the  whole  heat 
expended  in  the  whole  carbonizing  process.  The 
efficiency  of  carbonization  is  about  71  per  cent,  but  the 
actual  efficiency  of  the  gas-production  process  is  46  per 
cent,  so  that  out  of  100  heat  units  used  to  produce 
gas,  assuming  coke  and  tar  be  not  debited  with  any 
heat  of  carbonization,  but  that  the  whole  of  the  heat 
lost  is  used  to  produce  the  gas,  46  per  cent  of  that 
heat  is  in  the  form  of  gas  in  the  holder  and  54  per  cent 
has  been  used  for  gas-producing  purposes.  In  the 
next  division  of  column  I  have  taken  that  46  per  cent 
and  multiplied  it  by  0-95,  which  is  the  efficiency  of 
transmission.  The  efficiency  of  generation  in  the  holder 
is  46  per  cent,  but  that  multiplied  by  0-95  gives  43-6, 
wliich  is  the  actual  heat  obtained  by  the  user.  There 
is  also  a  smaller  block,  which  shows  43-6  multiplied  by 
0-42,  which  is  equivalent  to  18-3  per  cent.  The  ulti- 
mate efficiency  in  use,  42  per  cent,  is  the  efficiency 
of  use  of  gas  in  the  average  consumer's  appliances. 
Supposing  100  heat  units  of  gas  were  supplied  to  the 
average  ser\'ice  of  cookers,  water-boilers,  ajid  incandes- 
cent gas  fires,  42  per  cent  would  be  returned  in  the  form 
of  average  work.  The  ultimate  efficiency  of  the  whole 
process  is  18-3  per  cent  in  the  actual  use  of  the  appar- 
atus. Similarly  with  electricity  (second  column),  the 
91-5  per  cent  is  the  heat  of  thermodynamic  trans- 
formation, and  the  8-5  per  cent  is  the  actual  heat 
equi\'alent    of    the    current    generated    at    the    central 
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station.  That  is  the  average  in  Great  Britain  in  191 8, 
according  to  the  Coal  Controller's  figures.  In  the 
third  column  I  have  made  comparisons  of  the  actual 
heat  generated,  and  it  will  be  f6und  that  the  ratio  is 
46/8-5,  or  5 '4  times  in  favour  of  gas.  In  the  next 
division  of  the  second  column  the  heat  to  be  obtained 
from  electricity  is  taken  to  be  8-5,  which,  multiplied 
by  o-g  for  the  losses  due  to  transmission,  gives  7-6. 
From  this  figure,  in  the  same  way  as  I  did  with  gas, 
I  found  the  efficiency  of  use  throughout  the  country  in 
electrical  heating  appliances  to  be  59  per  cent,  and  the 
ultimate  heating  efficiency  is  4  ■  5  per  cent.  To  obtain 
a  really  accurate  figure  it  would  be  necessary'  to  get 
a  census  both  of  use  and  consumption  throughout 
the  whole  of  the  United  Kingdom — a  great  undertaking 
but  a  very  desirable  one.  With  power  the  same  opera- 
tion has  been  gone  through,  and  the  ultimate  result 
is  that  the  ratio  of  heat  units  utilized  by  gas  to  those 
utiUzed  by  electricity  is  i  •  6,  with  the  figures  as  they 
are  at  present.  With  light  we  have  to  use  a  different 
method,  because  we  cannot  get  it  in  terms  of  thermal 
efficiency.  The  candle-power-hours  produced  by  the 
consumption  of  i  lb.  of  coal  of  13,000  therms  at  the 
gas-works  would  be  203.  For  the  same  consumption 
of  coal  at  the  electricity  generating  station,  as  far  as 
I  can  make  out  from  the  figures  I  have  got,  the  figure 
would  be  241.  That  is  to  say,  electric  lighting  shows 
a  superiority  in  thermal  efficiency,  but  that  superiority 
depends  on  certain  assumptions  which  I  have  had  to 
make  as  to  the  proportion  of  half-watt  lamps  and 
i-watt  lamps  and  the  average  current  they  took.  These 
matters  are  all  discussed  in  the  main  Report.  I  took 
the  general  result  because  I  wanted  to  show  the  con- 
trast between  the  conclusions  of  the  Government  Com- 
mittee on  Coal  Conservation  and  my  own.  Consider 
the  present  service  of  heat,  light,  and  power  by  the 
gas-works  of  the  United  Kingdom  to  be  superseded 
by  electricity  generating  stations,  then  it  would  be 
found  that,  for  the  same  heat,  light  and  power  service, 
the  coal  consumption  would  be  265  tons  instead  of 
100  tons  for  equal  performance.  That  is  the  present 
state  of  affairs.  With  regard  to  the  future,  of  course 
there  is  the  hope  of  getting  an  efficiency  of  electric 
generation  at  the  station  of  20  per  cent,  and  I  believe 
in  some  cases  it  has  gone  up  as  high  as  16  or  even 
more.  I  studied  this  question  last  year,  when  I 
went  to  Newcastle-on-TjTie  to  read  a  paper  on  the 
thermal  efficiency  of  different  tj'pes  of  engines,  and  I 
took  the  opportunity  of  investigating  the  possibiUties 
of  the  internal  combustion  engine — that  is  to  say,  the 
limiting  efficiencies  we  could  hope  for  with  any  imme- 
diate development — with  Sir  Charles  Parsons,  and  he 
discussed  the  limiting  efficiencies  obtainable  in  the 
turbine.  I  stated  that  we  hoped  for  a  46  per  cent 
efficiency  with  gas  motors,  and  Sir  Charles  thought 
he  could  obtain  28  per  cent  with  his  latest  steam 
turbines,  but  the  conditions  in  both  cases  were  quite 
exceptional.  However,  it  showed  that  it  would  be 
very  dangerous  to  interfere  with  the  development  of 
two  great  industries  like  the  steam  turbine  and  the 
internal  combustion  engine  while  there  were  possi- 
biUties of  that  kind,  because  if  the  Coal  Conservation 
Sub-Committee   had    any    idea    of   such   figures   both 


their  own  figures  and  their  outlook  would  have  been 
different. 

Mr.  C.  H.  Wordingham  :  For  many  years  I  have 
consistently  advocated  that  gas  and  electrical  engineers 
should  join  hands  for  the  common  good  instead  of 
regarding  one  another  as  rivals.  I  have  been  equally 
criticized  by  my  colleagues  and  by  those  whom  I  ven- 
tured some  time  ago  to  call  "  our  friends  the  enem5%" 
but  I  am  all  the  more  convinced  that  combination  is  the 
proper  attitude  to  adopt.  Sir  Dugald  Clerk  has  put 
forward  a  number  of  figures  which  will  no  doubt  raise 
a  great  deal  of  controversy.  When  I  saw  his  challenge 
in  the  Ga'i  Journal  I  felt  that  it  ought  to  be  accepted, 
not  only  because  if  it  were  not  accepted  it  would  be 
construed  as  an  admission  on  the  part  of  electrical  en- 
gineers that  the  figures  were  correct,  but  also  because  I 
believe  all  of  us  really  want  to  get  at  the  facts,  which 
can  best  be  done  by  approaching  the  matter  in  a  scientific 
spirit  and  by  freely  discussing  what  those  facts  are.  I 
should  like  to  make  a  few  general  observations  on  the 
whole  subject.  Sir  Dugald  has  said,  with  reason,  that 
electricity  is  not  a  source  of  energy.  It  is,  in  effect,  a 
gearing  placed  between  the  fuel  and  the  consuming 
devaces  which  have  to  utihze  the  energies  of  the  fuel, 
and  as  a  gearing  it  will  have  to  be  judged  not  only  by 
its  efficiency  but  also  by  its  convenience  and  adaptability. 
Not  onl)'  is  electricity  convenient,  but  its  very  conveni- 
ence means  that  the  economy  of  heat  in  its  use  is  much 
higher  than  would  appear  from  the  figures  given  by  Sir 
Dugald.  The  adaptability  of  electric  motors  and 
electric  heating  and  lighting  is  such  that  the  same  work 
can  be  performed  with  a  smaller  expenditure  of  energy, 
because  economies  are  possible  with  electric  working 
that  are  impossible  with  gas  working.  A  motor  may 
be  switched  on,  for  example,  as  often  as  desired,  but  to 
stop  a  gas  engine  and  start  it  up  again  requires  considera- 
tion. When  a  gas  engine  is  ruiming  light  it  is  running 
very  uneconomically.  I  want  to  emphasize  this  adapta- 
bility of  electrical  energy  because  I  think  it  is  of  the 
greatest  possible  importance.  The  controversy  between 
advocates  of  gas  and  electricity  reminds  me  very  much 
of  the  controversies  about  food  values.  The  average 
man,  whatever  the  theoretical  arguments  may  be, 
always  prefers  English  roast  beef  to  beans,  and  asparagus 
to  cabbages.  I  think  electricity  is  the  roast  beef  and 
asparagus,  and  the  cabbages  and  beans  are  represented 
by  gas.  I  have  no  doubt  that  there  is  an  enormous 
amount  of  nourishment  in  a  piece  of  wood,  but  very  few 
of  us  would  like  to  try  to  extract  it.  Let  us  for  a  moment 
admit  all  the  figures.  It  seems  to  me  that,  even  then, 
gas  could  be  very  much  better  applied  to  drive  electric 
generators  than  be  supplied  to  the  consumer  in  its 
crude  form.  In  this  coimtry  large  gas  engines  are,  I 
think,  very  much  under  a  cloud,  perhaps  because  they 
are  veiy  largely  built  to  German  designs  ;  but  I  hope 
that  British  designs  will  in  the  near  future  make  their 
appearance,  and  if  those  limiting  efficiencies  which 
Sir  Dugald  has  mentioned,  towards  which  designers 
should  work,  are  in  fact  reahzed,  then  we  get  the  advan- 
tages of  the  economy  in  the  gas  engine  combined  with  the 
advantages  of  electric  gearing,  and  this,  I  believe,  will 
lead  to  increased  efficiency. 

Professor  J.   AV.  Cobb  :    Proposals  regarding  the 
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distribution  of  the  energy  ol  coal  by  means  of  electricity 
have  been  made  recently.     They  are  of  a  very  drastic 
nature    from    the    standpoint    either    of    the    electrical 
mdustry  or  of  the  gas  industry,  and  are  made  in  the  name 
of  coal  conservation.     They  raise  the  whole  question 
of  what  is  the  best  method  of  liberating  and  distributing 
the    energy    of    coal.     Sir    Dugald    Clerk's    statement 
summarizes,  in  very  precise  and  simple  terms,  what  the 
position  was  when  he,  Professor  Smithells  and  I,  investi- 
gated   the    matter.     In    any   scheme   for   utilizing   the 
energy  of  coal  we  are  concerned  with  processes  of  trans- 
formation and  inevitable  loss,  and  a  scheme  will  be  good 
from  the  point  of  view  of  fuel  economy  to  the  extent 
that  these  transformation  losses  are  minimized.     Now 
one  of  the  most  inefficient  processes  we  know  for  the 
transformation  of  energy  from  one  form  to  another  is 
the    extensive    conversion    of    heat    units    into    motive 
power.     This   inefficient   process   of   transforming   heat 
into  power  is  a  necessity  so  long  as  we  are  concerned 
with  power  alone.     If   the   loss   is   not  incurred   at   a 
central  station,  it   has  to  be  incurred  somewliere  else, 
and  is  in  that  case  usually  much  heavier.     For  that  and 
other  reasons  the  electrical  power  station  is  increasing 
its  hold  on  the  industrial  public  as  far  as  the  supply  of 
power  is  concerned  and  no  one  could  have  anytliing  but 
praise  for  its  continuing  development.    When  the  energy 
is  wanted  by  the  consumer  for  any  purpose  other  than 
power,    the   conditions    are    completely   altered.     It   is 
no  longer  necessary  to  burden  a  system  with  the  80  or 
go  per  cent  initial  waste  in  the  power  station,  which  no 
economy  in  use  can   counteract.     To  take  the  power 
station  for  the  supply  of  energy  in  general  is  to  load 
up  all  the  processes  in  use  with  the  necessary  inefficiency 
attaching  to  the  generation  of  power.     That  is  not  the 
high  road  to  fuel  economy.     The  gas  industry  seemed  to 
have   been   rather   overlooked    in   this   matter   and   an 
assertion   of   its   position   was   necessary.     It   had   un- 
doubtedly come  to  be  regarded  by  many  as   an  old- 
fasliioned  and  inefficient  industry.     There  was  a  limited 
measure  of  truth  in  this  view.     Technical  developments 
in  the  gas  industry  had,  undoubtedl}',  been  delayed  by 
the  extent  to  which  it  was  governed  by  statutory  regula- 
tions.    These  were  imposed  when  gas  was  used  almost 
exclusively  for  lighting  and  before  it  was  extensively 
used   for   heating   and   power.     These   restrictions   had 
outlived    their    usefulness  ;     their    cramping    influence 
survived.     There  is  a  moral  in  that  for  any  industry. 
The  legislative  changes  wliich  are  now  being  made  on 
the  advice  of  Sir  George  Beilby  and  the  Fuel  Research 
Board,  offer  a  new  liberty  to  the  gas  industry.     The 
accusation  of  inefficiency  in  the  gas  industry  was  never 
justified.     The  process  of  carbonization,  even  as  it  is 
carried  out  in  the  older  established  plant  of  the  country 
in  horizontal  retorts,  is  by  no  mean?  inefficient  ;    all  the 
products  are  \a!uable,  and  the  by-products  are  essential 
to  any  civilized  nation.     I  wish  to  call  attention  to  the 
extent  to  which  the  figures  given  are  based  not  upon 
what  can  be  done  in  reconstructed  plants,  but  on  what 
is  being  done  at  the  present  time  throughout  the  country. 
The  efficiency  at  the  gas  works  is  so  high,  and  the  losses 
on  distribution  so  small,  compared  with  the  correspond- 
ing figures  for  electricit)-,  that  for  most  purposes  a  very 
handsome  margin  of  economj-  remains  with  gas  even 


when  one  takes  into  account  the  higher  efficiency  of 
some  electrical  appliances.     As  far  as  power  is  concerned 
we  must  not  forget  the  high  thermal  efficiency  of  the 
gas  engine,  which  might  have  been  the  standard  prime 
mover  to-day  if  it  had  not  been  for  the  splendid  engineer- 
ing skill  which  has  created  the  steam  turbine  and  made 
it  the  recognized  unit  for  the  generation  of  power  on  a 
large  scale.     The  gas  engine  cannot  be  ignored.     On  the 
other  hand  it  would,  of  course,  be  foolish  to  attempt 
to  limit  the  claims  of  the  electrical  industry  to  pov.er 
and   lighting,   on   the  assumption   that  it  could   never 
provide    heat    economically.     There    a,re    processes    in 
which  the  large  initial  loss  in  the  generation  of  electricity 
can  be  counterbalanced  by  efficiency  in  use,  but  that  is 
a  very  different  thing  from  any  wide  claim  to  undertake 
heating  operations  in  general,   for  which  electricity  is 
really  very  ill  adapted.     In  the  natural  course  of  tilings, 
both  the  electrical  industry  and  the  gas  industry  will 
grow  by  demonstrating  that  they  can  do  certain  kinds 
of  work  efficiently  and  well.     But  there  is  neither  need 
nor  justification  to  make  a  hot-house  plant  of  either, 
nor  can  either  industry  be  said  to  be  in  such  a  stage  of 
development  that  it  is  advisable  to  stereotype  through- 
out  the   country   its   present   method   and   equipm.ent. 
To  put  down  very  large  stations  and  works,  all  of  very 
much  the  same  type  and  representing  the  same  degree  of 
development,   would  lock  up  an  enormous  amount  of 
capital  and  incur  a  grave  danger  of  hindering  progress 
for  many  years  to  come.     The  position  as  regards  fuel 
economy  of  the  most  modern  power  station  is  known 
to  be  very  unsatisfactory.     Technical  literature  of  the 
last  few  years  shows  that  the  minds  of  the  leaders  in 
electrical  matters  are  alive  to  this  shortcoming  and  are 
prospecting  all  round,   actively  desiring  improvement. 
The  same  may  be  said  of  the  gas  industry,   which  is 
examining   its    technical   possibilities.     I    will    mention 
in  illustration  just  one  in  wliich  I  have  been  personally 
interested.     To-morrow  night  in    this    room    Professor 
McLennan  is  going  to  lecture  on  the  production  of  helium. 
During  the  war  the  work  on  the  recovery   of   helium 
seems    to    have    established    the    probability    of    much 
cheaper  methods  for  the  production  of  oxygen,  and  my 
colleague,  Mr.  Hodsman,  and  I  have  calculated  that  if 
oxygen  were  so  far  lowered  in  price  that  it  could  be  used 
in    a    continuous    gasification    process,    then    complete 
gasification  could  be  effected  with  an  efficiency  of  gas 
'    production  of  go  per  cent.     Supposing  that  could  be 
i    done,    and   there   is   nothing   inherently  impossible,   or 
I    even  improbable,  about  it,  the  consumer  could  be  sup- 
plied with  a  gaseous  fuel  in  the  production  of  which  only 
10  per  cent  of  the  original  heat  of  the  coal  had  been  lost. 
To  sum  up,  no  one  can  foresee  what  the  developments 
of  the  electrical  industry  or  gas  industry  are  going  to 
be.     The  primary  need  of  each  is  a  complete  freedom  to 
develop  according  to  its  own  needs  and  proved  capacities 
for  public  service. 

Mr.  C  H.  Merz  :  As  I  was  Vice-Chairman  of  the 
Sub-Committee  that  drew  up  the  so-called  Coal  Con- 
servation Report,  I  ought  perhaps  to  deal  with  one 
or  two  questions  refened  to  therein  which  have  been 
mentioned  by  Sir  Dugald  Clerk,  and  also  generally  deal 
with  some  of  the  matters  raised  there.  First  of  all  I 
should  like  to  point  out  that  the  primary  object  of  the 
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Report  was  to  deal  with  economy  of  fuel  in  the  produc- 
tion  of   motive   power.     There   were,    I   believe,   some 
references   in    footnotes   to   the    use   of   electricity   for 
heating,  but  it  cannot  be  said  that  the  Report  dealt  with 
that  question.     Sir  Dugald  and  his  colleagues  immedi- 
ately took  the  whole  Report  and  referred  to  it  as  if  it 
dealt  with  heat  energy.     I  do  not  think  there  is  anything 
on  the  question  of  the -economy  of  fuel  to  be  derived 
from   an   improved   distribution   of   energy   in   a   form 
available  for  motive  power  that  I  should  wish  to  alter, 
and  I  should  be  surprised,  although  I  have  not  consulted 
them,  if  my  colleagues  on  the  Sub-Committee  differed 
from  me  in  what  I  have  said.     The  whole  question  was 
dealt  with  from  the  point  of  view  of  the  production 
of  motive  power,  and  great  care  was  taken  to  separate 
out  the  fuel  (coal)  used  for  heating  purposes  in  industr)-. 
The  next  question  I  might  mention,  although  possibly 
it  has  been  corrected,  is  the  general  criticism  that  the 
Coal     Conservation     Sub-Committee's     Report    recom- 
mended  the   setting-up   of    16   large   super-stations   to 
supply  the   whole  country.     There   is   nothing  of  that 
kind  in  the  Coal  Conservation   Report.     All  the  Coal 
Conservation  Report  suggested  and  recommended  was 
'that  this  country,  for  the  purposes  of  standardization, 
periodicity,  and  so  on,  should,  in  order  that  power  might 
be  collected  where  available  and  distributed  to  where 
it  was  used,  be  di\dded  into  some  16  electrical  districts. 
That  general  policy  hsis  been  approved,  and  the  chief 
recommendation    of    the    Coal    Conservation    Report — 
that    Electricity    Commissioners    should    be  appointed 
to  deal  with  that  matter — has  received  the  support  of 
the  Government.     I  believe  that  the  electrical  industry 
is,    generally   speaking,    very   well   satisfied   with   what 
has  been  done,  and  is  now  chiefly  anxious  to  be  let  alone, 
and  that  the  Commissioners  should  be  allowed  to  carry 
out  their  policy.     I  should  like  most  emphatically  to 
point  out  that  I  am  sure  nobody  on  the  Coal  Conserva- 
tion Sub-Committee  ever  dreamed  of  one  station  supply- 
ing each  of  those   16  areas  ;    it  clearly  would  not  be 
economical  to  do  so — it  would  be  uneconomical  from  a 
distribution  point  of  view.     The  only  possible  cases  in 
which  the  direction  of  extreme  centralization  of  that 
kind   might   be   followed,    would    be   where   there   was 
shortage  of  water  facilities  ;    otherwise  it  is  quite  clear 
that  energy  would  be  collected  into  the  main  distribu- 
tion system  from  points  where  it  could  be  obtained  most 
cheaply.     Another  question  which  has  been  repeatedly 
referred  to  is  that  of  the  efficiency  to  be  expected  from 
modern    electric    power    stations.     Values    of    17    and 
18  per  cent  have  been  named  as  possible  figures  in  the 
future,    and   therefore   it   is   perhaps   desirable   to   say 
that  those  figures  are  being  daily  obtained  in  various 
stations  in  this  country  and  in  America  and,  what  is 
more  important,  they  are  being  obtained  with  the  use  of 
ver\'  inferior  fuel.     The  figures  in  the  Coal  Conservation 
Report  were  conservative  in  that  they  were  based  on  a 
comparatively  high  quality  of  fuel.     The  reason  was  that 
the  fuel  in  question  was  that  in  general  use  throughout 
the  country.     Small  users  who  generate  their  own  power 
to-day  generally  choose  a  comparatively  high  qualitj- 
of  fuel,  as  it  has  to  be  used  in  Lancashire  boilers.     If 
the  quality  of  the  fuel  for  the  purpose  of  the  central 
station  were  taken  at  anything  like  the  quality  which 


was  put  down  for  the  purpose  of  calculation  in  the  Coal 
Conservation    Report,    the    efiiciencies    would    be    very 
much  higher  than  are  being  obtained  to-day,  i.e.  higher 
than  18  per  cent.     I  will  not  speak  further  on  the  future, 
except   to   say   that   the   chief   complaint   of   electrical 
engineers  is  that  they  have  not,  except  in  one  or  two 
individual  cases,  had  the  opportunity,  in  this  country 
at  any  rate,  of  developing  and  using  large  units  of  motive 
power  for  the  purpose  of  their  central  stations.     Parlia- 
mentary legislation   has   prevented   that.     The   author 
has  taken  thermal  efficiency  as  the  basis  of  his  calcula- 
tions.    As  the  Coal  Conservation   Sub-Committee  also 
dealt  with  the  matter  from  the  fuel  point  of  view  I  do 
not  know  that  one  can  quarrel  with  a  reference  to  it 
being  made,  but  it  is  very  necessary  to  point  out,  as  Mr. 
Wordingham  has  already  done,  that  this  is  not  by  any 
means  the  whole  question,  which  really  is  :    How  can 
we  use  labour  to  the  best  advantage  ?     For  practical 
purposes,  coal  is  only  labour.     Of  course  I  know  there 
are  royalty  holders  and  so  on  who  are  accused  of  taking 
a  good  deal  of  the  profit,  but  we  know  it  has  been  well 
brought  out  in  all  the  inquiries  that,  practically  speaking, 
coal    is    labour.      Industrial    processes    are    labour.      In 
the  average  industrial   establishment  it  will   probably 
be  found  that  motive  power  represents,  even  at  to-day's 
prices,  from  5  to  10  per  cent  of  its  labour  bill.     It  is 
quite  clear  that  a  man  who  is  running  an  industry  has 
to  consider  how  he  can  save  money  and  produce  his 
product  more  cheaply.     The  chief  thing  he  has  to  save 
is  his  labour,  i.e.  90  per  cent  of  the  total  cost,  and  he 
must   therefore   have   his   motive   power   in   the   most 
available  form.     Thus  it  is  impossible  to  expect  improve- 
ment in   coal   conservation  by   distributing  something 
wliich,  fx'om  the  point  of  view  of  motive  power,  is  not 
what  the  manufaxturer  wants.     The  question  of  how 
far  it  is  possible  to  argue  the  whole  case  on  a  purely 
thermal  basis,  is  one  of  the  relative  importance  of  saving 
labour  in  getting  coal  and  in  industry  generally.     That 
was  verj'  clearly  put  forward,  in  the  Coal  Conservation 
Report,  and  I  think  the  more  we  consider  the  matter 
the  more  we  shall  see  that  that  is  the  true  point  of  view. 
Dr.  Ferranti  was,  in  fact,  perfectly  right  when  he  said 
that  electricity  was  the  most  useful  medium,  and  that 
through  electricity  any  energy  for  motive  power  could 
be    most    usefully   and    easily   applied    without    waste. 
That   is   the   interest  of   the   manufacturer.     If   we   go 
further  into  that  side  of  the  matter  we  shall  realize, 
especiall)-  with  the  present  tendency  as  regards  cost  of 
labour,  that  the  important  thing  is  that  machines  which 
do  not  automatically  maintain  their  highest  efiiciencies, 
which    require    attention    and    adjustment    and    skill, 
should  not  be  put  into  the  hands  of  the  man  in  tlie 
factory  or  the  woman  in  the  house.     We  want  a  machine 
which  will  run  automatically,  and  that  is  a  feature  of  the 
electric  motor  wliich  maintains   its  efficiency  without 
attention.     The  author  has  referred  to  gas  engines  on 
test  as  having  efficiencies  of  from  20  to  25  per  cent  at 
various  loads,  but  anyone  who  has  replaced  gas  engines 
by  electric  motors    knows   that   those    efficiencies   are 
not   obtained   except   under   very   exceptional   circum- 
stances.    At  least,  if  these  figures  represent  the  efficiency 
of  the  gas  engine,  I  can  only  say  that  in  a  very  large 
number  of   cases   the   efficiency  of   the   electric   motor 
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which  replaced  it  must  be  200  per  cent  !     I  may  once 
more  refer  to  a  question  in  connection  with  motive  power 
which  our  gas  friends  have  to  answer,  viz.  that  a  very 
large  percentage  of  all  recent  factories  have  not  only 
employed  electricity,  but  have  used  the  public  supply. 
It  is  the  older  factories  which   retain  other  forms  of 
motive  power.     In  connection  with  this  whole  question 
the   enormous   amount   of   power   that   is   used   in   the 
country  districts,  where  no  gas  is  available,  must  not 
be  forgotten.     It  was  that  power  which  was  very  largely 
responsible    for    the    savings    estimated,    and    which    I 
believe  will  still  be  attained  by  the  policy  proposed  in  the 
Coal  Conservation  Report.     The  Report  did  not  suggest 
that   the   gas   industry   should   disappear  ;     it   did   not 
propose  to  displace  it,  and  it  did  not  attack  the  gas 
industry  at  all.     There  are  statistics  of  what  has  hap- 
pened in  other  places  where  electricity  has  been  greatly 
developed  (notably  Chicago,  wdth  which  I  am  connected 
in  an  advisory  capacitv,  and  which  is  one  of  the  places 
where  electricity  has  been  developed  more  highly  than 
anywhere  else)  which  show  that  the  gas  industry  has 
not  suffered.     I  do  not  think  that  anybody,  in  preparing 
the  Coal  Conservation  Report,  proposed  that  anything 
should  be  done  to  discourage  the  use  of  gas  ;    in  fact, 
it  is  to  the  interest  of  electrical  engineers  to  encourage 
the  gas  industry  as  much  as  they  can.     The  gas  industry, 
as  regards  its  improvement,  is  a  question  of  the  car- 
bonization of  coal  and  the  improvement  of  the  gas  engine, 
or  of  the  internal  combustion  engine,  or  the  gas  turbine, 
if  such  be  possible.     The  more  these  things  are  developed 
the    better    for    the    electrical    engineer.      Those    who 
speak  for  electricity,  I  think,  believe  that  it  will  steadily 
progress  as  a  distributing  agent,  and  if  that  is  so  we 
cannot  wish  for  anything  better  than  improved  systems 
of  power  generation,  which  may  be  obtained,  possibly, 
through    the    medium    of    gas.     These    improvements 
cannot   be   so   obtained   at   present,   except  in   special 
cases.     I  have  figures  of  some  of  the  largest  gas  stations 
in  the  world,  where  accurate  figures  are  kept  as  to  the 
output  in  a  way  that  can  be  measured,  and  most  of 
these  large  stations  have  not  got  efficiencies  as  high 
as  the  figures  I  have  mentioned  for  the  best  electric 
stations.     1  shall  be  very  glad  if  Sir  Dugald  Clerk  can 
produce   figures  to   the   contrarj',   but   of   course   they 
must  be  figures  based  not  on  the  estimated  h. p. -hours 
or  estimated  unit  output,  but  on  the  actual  metered 
units.     I  should  be  very  much  interested  to  know  if 
such  figures  could  be  given.     The  gas  industry  is  in 
somewhat  of  a  dilemma.     For  the  moment,  we  have 
a  triple  alliance  in  which  the  distribution  side  of  the 
industry  has   joined  hands   with  the   engineering   and 
producing  sides,  but  they  have  still  to  decide  whether 
they  want  to  aim  at  an  extension  of  the  direct  use  of 
•  gas  for  motive  power  in  factories  or  whether  thej'  will 
cater  for  the  electrical  engineer  and  supply  him  with 
heat  units.     They  have  not  yet  got  to  that  point  but 
I  hope  they  will  do  so.     I  shall  certainly  be  very  glad 
to  discuss  the  purchase  of  heat  units  by  any  concern 
with  which  I  am  connected.     We  should  like  to  obviate 
the  use  of  raw  coal.     They  have  not  done  that,  and  I 
do  not  think,  in  spite  of  their  claims  for  efficiency  on 
the  heat  side,   they  can   do    it,   but  I  hope  they  will 
develop   their    business    from    that    point    of    view.     I 


should  like  to  close  on  the  same  note  that  Mr.  Wording- 
ham  did,  and  to  say  that  we  electrical  engineers  wish  that 
the  two  industries  should  be  developed  together.  Be- 
tween them  they  can  certainly  do  an  enormous  amount 
to  improve  the  efficiency  of  labour  and  to  reduce  the 
onerous  part  of  it. 

Mr.  J.  S.  Highfield  :  I  cannot  imagine  in  connection 
with  two  industries  which  in  a  large  measure  serve  the 
public  in  similar  ways  anything  more  desirable  than  that 
they  should  understand  each  other's  point  of  view,  and 
I  am  proud  to  think  that  I  am  one  of  the  few  electrical 
engineers  who  have  made  a  contract  for  street  lighting 
jointly  with  one  of  the  largest  gas  companies.  If  the 
thermal  efficiencies  given  in  the  paper — which  I  am  not 
questioning  except  in  one  respect — were  the  determining 
factor  in  settling  whether  electricity  rather  than  gas 
should  be  supplied  it  is  perfectly  evident  that,  except 
for  light,  electricity  would  be  supplied  for  neither  power 
nor  heat.  Having  regard  to  the  fact  that  the  gas  industry 
started  a  great  many  years  before  the  electrical  industry, 
and  that  electricity  worked  its  way  up  from  small 
supplies  of  light  until  it  is  one  of  immense  magnitude, 
supplying  power  and  heat,  it  is  quite  clear  that, 
assuming  the  correctness  of  the  figures,  thermal 
efficiency  is  not  the  determining  factor.  I  would  also 
say  that  the  theoretical  cost  is  not  the  determining 
factor.  If  efficiencies  of  100  per  cent  be  assumed,  and 
the  cost  of  electricity,  gas  and  coal  be  taken  as  being 
i^d.  per  unit,  4s.  per  1,000  eft.  and  40s.  per  ton  respec- 
tively ;  at  a  cost  of  id.  with  electricity  2  •  3O  lb.  of  water 
can  be  evaporated  from  and  at  boiling  point  ;  with  gas, 
12-9  lb.;  and  with  coal,  from  60  to  701b.,  according 
to  its  calorific  value,  so  that  cost  is  not  the  determining 
factor,  otherwise  no  gas  would  be  sold.  I  am  interested 
also  to  note  that  Sir  Dugald  Clerk  in  all  his  illustrations 
contemplates  the  replacement  of  gas  by  electricity  in 
spite  of  his  calculations  showing  that  this  would  increase 
the  expenditure  on  coal.  I  do  not  think  he  gives  a  single 
example  of  the  reverse  process,  i.e.  the  substitution  of 
gas  for  electricity.  To  scrap  all  the  gas-works  in  the 
country  and  replace  the  gas  supply  by  electricity  supply 
is  altogether  out  of  the  question.  The  works  will  exist 
and  will  continue  to  grow,  and  it  is  to  everybody's 
benefit  that  they  should  do  so.  I  imagine  that  gas  will 
have  no  chance  at  all  for  the  supply  of  power  over 
wdde  areas.  The  supply  of  power  to  very  large  motors 
for  collieries  and  works  of  every  description  on  the  scale 
required  would  be  impossible  with  gas  or  any  other 
agent  except  electricity.  On  the  other  hand,  for 
electrical  engineers  to  try  to  supply  all  the  cottages  in 
a  large  town  with  power  for  electric  cooking  apparatus 
is  probably  equally  impossible  at  the  present  time. 
Therefore  it  is  clear  there  are  certain  fields  where  the 
two  can  serve  most  useful  purposes.  Where  gas  may 
help  us  very  much,  as  Mr.  Merz  has  indicated,  is  in 
I  showing  better  means  of  changing  the  heat  energy  of 
the  coal  into  power.  That  is  what  everybody  is  seeking, 
and  if  the  gas  engineer  can  accomplish  something  towards 
that  desirable  end  it  would  be  of  great  benefit.  This 
end  would  have  been  accomplished  much  more  easily 
had  it  not  been  for  the  necessity  of  building  plants  of 
the  very  largest  size.  If  they  had  been  confined  to 
units  of  from  2,000  to  3,000  h.p.  I  have  not  the  least 
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doubt  that  the  gas  engine  would  have  made  great 
progress  in  power  stations.  What  has  made  it  im- 
possible, or  at  any  rate  extremely  difficult,  is  the  fact 
that  a  unit  of  3,000  k.w.  is  of  verj'  little  use  in  the  big 
power  schemes  we  have  to  contemplate  to-day. 

Mr.  C.  P.  Sparks  :  I  endorse  Mr.  Merz's  remarks 
with  regard  to  the  mis-statement  in  the  paper  relating 
to  the  number  of  super-stations  proposed  in  the  Coal 
Conservation  Report.  On  reference  to  the  recommenda- 
tions, section  (48)  of  the  Report,  sub-heading  (i)  clearly 
sets  out  that  the  existing  600  districts  should  be  super- 
seded by  16  districts.  No  mention  is  made  of  the 
number  of  power  stations,  which  is  a  matter  left  to  the 
decision  of  the  Electricity  Commissioners.  In  opening 
the  discussion.  Sir  Dugald  referred  to  the  estimated 
saving  of  55  milHon  tons  of  coal  per  annum  as  including 
coal  saved  through  supply  of  electricity  for  heating. 
Reference  to  the  Report,  section  (i),  sub-section  (9), 
shows  that  the  figure  of  55  milUons  did  not  include  coal 
used  for  heating  purposes.  Sir  Dugald  states  in  his 
Royal  Society  of  Arts  paper  that  the  Sub-Committee 
suggest  a  coal  consumption  of  i  lb.  per  electrical  h.p.- 
hour.  Reference  to  Appendix  "  A  "  of  the  Report  gives 
the  basis  of  the  estimated  saving  in  section  (i),  sub- 
section (9),  as  being  ij  lb.  of  coal  per  h.p.-hour.  With 
coal  of  13,000  therms,  and  \vith  an  efficiency  of  distribu- 
tion of  85  per  cent,  the  thermal  efficiency  of  a  power 
station  to  obtain  the  results  suggested  in  the  Report 
would  require  to  be  17J  per  cent  as  compared  %vith  that 
of  19-6  per  cent  suggested  by  Sir  Dugald.  If  the 
efficiency  of  distribution  were  as  high  as  90  per  cent, 
as  suggested  by  Sir  Dugald,  the  thermal  efficiency 
would  be  16  per  cent.  The  thermal  efficiency  implied 
in  the  Coal  Conservation  Report  has  already  been 
reached  when  operating  on  a.  far  smaller  scale  and  with 
smaller  turbo-alternators  than  the  Report  proposes. 
Since  the  date  of  the  Report,  improvements  including 
use  of  increased  steam  pressure  and  temperature  make 
it  certain  that  a  higher  thermal  efficiency  will  be  obtained. 

Comparison  of  gas  and  ehctric  undertakings. —  Sir 
Dugald  suggests  that  a  great  economy  in  fuel  could 
be  secured  if  the  general  distribution  of  power,  light 
and  heat  were  carried  out  by  gas  in  place  of  electricity. 
This  economy  would  be  obtained  by  contrasting  the 
thermal  efficiency  of  gas  undertakings  carbonizing 
some  20  million  tons  of  coal  in  Great  Britain  which 
produce  gas  at  the  works  with  a  thermal  efficiency  of 
46  per  cent,  with  certain  steam  electricity  generating 
stations,  using  6j  million  tons  of  coal,  and  operating 
with  a  thermal  efficiency  of  8-5  per  cent.  It  is  quite 
unfair  to  compare  the  average  results  of  hundreds  of 
small  generating  stations,  many  of  which  are  unsuited 
to  supply  power  on  a  commercial  basis,  with  the 
result  of  well-established  gas  undertakings,  and  the  only 
fair  comparison  is  to  compare  undertakings  operating 
under  similar  conditions  as  to  magnitude  and  field  of 
operation.  If  electric  generation  were  being  carried 
out  on  a  scale  approximating  to  the  future  demands,  it 
would  be  impossible  to  adopt  proposals  on  the  lines  set 
out  in  the  Coal  Conservation  Report,  but  comparing 
the  electric  development  in  Great  Britain  with  that  in 
other  countries  it  is  clear  we  have  only  touched  the 
fringe  of  possible  development,  and  this  is  one  of  the 


main  reasons  that  makes  the  gradual  replacement  of 
hundreds  of  small  generating  stations  possible.  I 
should  like  to  point  out  that  electrical  engineers  are  not 
wedded  to  any  particular  source  of  energy  ;  steam,  gas, 
oil,  or  water  can  be  used  as  the  primarj'  source  of  power 
to  produce  electricity  which,  after  all,  is  only  a  con- 
venient means  of  distributing  energy.  If  gas  were  the 
flexible  and  efficient  agent  suggested  by  Sir  Dugald, 
we  should  prefer  its  use  in  dri\dng  our  power  stations 
to  the  use  of  steam  turbines,  which  are  comparatively 
inefficient  from  a  thermal  point  of  view.  While  there 
is  a  possibility  of  large  gas  engines  or  gas  turbines  being 
produced,  the  experience  of  the  last  20  years  does  not 
hold  out  any  great  hope  of  their  development  unless  a 
new  material  is  discovered  which  possesses  high  tensile 
strength  at  high  temperatures.  In  spite  of  many 
attempts,  we  have  been  unable  to  use  the  gas  engine 
on  a  large  scale  as  a  power  producer.  If  we  could,  I 
agree  that  it  would  halve  the  fuel  consumption  at  the 
power  station  as  compared  \vith  the  results  at  present 
obtained  with  steam  turbines.  Sir  Dugald  suggests,  on 
page  13  of  his  Royal  Society  of  Arts  paper,  that  "  the 
real  competition  between  gas  and  electricity,  from  a 
point  of  view  of  coal  conservation,  arises  in  the  field  of 
illumination,  and  not  in  that  of  heating  or  motive 
power."  Our  friends  in  the  gas  industry  should  be 
aware  that  there  is  no  direct  competition  between 
gas  and  electricity  for  power  purposes,  as  gas  in 
conjunction  with  the  gas-engine  is  an  unsuitable 
distributing  agent  for  detail  power  requirements.  If 
anyone  requires  confirmation  of  this  statement,  I 
suggest  a  \Tsit  to  Pennsylvania,  where  he  will  find 
at  least  two  large,  prosperous  electric  power  com- 
panies distributing  electricity  on  a  large  scale,  although 
they  are  in  direct  competition  with  natural  gas,  which  is 
obtained  at  the  lowest  possible  cost.  If  further  con- 
firmation is  required,  the  relative  horse-power  put  in 
use  for  power  purposes  by  electric  or  gas  drive  during 
the  last  five  years  will  supply  the  answer. 

Power. — On  page  13  of  the  Royal  Society  of  Arts 
paper  Sir  Dugald  states  :  "  With  regard  to  motive 
power  under  what  m&y  be  termed  the  best  gas  works 
and  electricity'  generating  conditions,  the  gas  engine 
gives  a  return  of  13-6  per  cent  b.h.p.  for  100  heat  units 
used  at  the  gas  works,  while  electricity  returns  10  •  4  per 
cent."  The  figures  for  gas  were  arrived  at  by  taking  the 
thermal  efficiency'  of  the  gas  engine  operating  at  f  load 
to  be  25  per  cent.  \Mule  such  a  figure  may  be  obtained 
on  test,  it  is  not  maintained  in  practice.  Further,  the 
average  efficiency  of  gas  plant  operating  on  variable 
load  is  far  lower  than  the  figure  suggested.  It  is  again 
lowered  by  the  difficulty  of  starting  and  stopping,  the 
gas  engine  necessitating  its  being  kept  continuously 
in  operation,  whereas  an  electric  motor  can  be  shut 
down  readily  when  employed  on  any  intermittent 
process.  The  table  attached  to  Sir  Dugald's  note 
which  is  before  us  to-night  suggests  that  the  thermal 
efficiency  of  an  electric  motor  is  6-8  per  cent.  This 
is  arrived  at  by  taking  the  thermal  efficiency  of  electric 
power  stations  at  i\  per  cent  or  40,000  therms  per  kw.- 
hour,  while  the  efficiency  of  transmission  and  of  the 
motor  are  each  taken  at  90  per  cent.  The  thermal 
efficiency  of  the  best  electricity  generating  conditions 
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(apart  from  such  stations  as  are  contemplated  by  the 
Coal  Conservation  Report)  should  be  taken  at  i6  per 
cent,  thus  increasing  the  thermal  efficiency  per  b.h.p. 
in  the  ratio  of  6-8  x  16/8J,  i.e.  12-8  per  cent.  Com- 
parison of  this  figure  of  12-8  per  cent  with  13-6  per  cent 
given  by  Sir  Dugald,  shows  a  thermal  superiority  for 
gas,  on  the  basis  he  selected,  of  between  G  and  7  per  cent, 
but  having  regard  to  the  known  inefficiency  of  gas 
engines  when  emploj^ed  on  variable  load,  the  actual 
thermal  efficiency  is  substantially  in  favour  of  elcc- 
tricit)'.  To  sum  up,  there  is  a  substantial  advantage, 
from  the  point  of  view  of  coal  conservation,  in  using 
electricity  for  motive  power  in  place  of  gas. 

Lighting. — On  page  20  of  his  Royal  Society  of  Arts 
paper  Sir  Dugald  suggests — assuming  an  equal  number 
of  inverted  incandescent  and  vertical  lamps  for  gas 
lighting  at  64  therms  per  candle-power  and  one-watt 
electric  lighting  at  54  therms  per  candle-power — that 
electricity  would  require  84  per  cent  of  the  heat  used  by 
gas.  The  ratio  in  favour  of  electricity  is  of  a  much 
higher  order. 

Gas  (page  17). — If  coal  is  completely  carbonized,  the 
heat  units  available  in  gas  per  ton  of  coal  of  13,000 
therms  are  65-2/100  x  29,200,000  =  18,900,000  therms. 

Candle-power-hours  per  ton  available  to  consumers. — 


(a)  Upright  type  mantle     .  . 

(b)  Inverted-type  mantle    .  . 

(c)  High  -  pressure     burners 

(unsuitable     for     small 
units  of  light)  .  . 


18,900,000/82  =;  230,000 
18,900,000/47  =  402,500 


18,900,000/2 


820,000 


The  above  figures  are  subject  to  mantle  renewals  to 
maintain  the  figures  of  47,  82,  and  2^. 

Electric  (page  7). — On  the  basis  of  3-47  lb.  of  coal  at 
11,600  therms  per  kw.-hour,  being  the  average  of  a  num- 
ber of  electric  generating  stations — 

Therms  per  kw.-hour  =  3-47  X  11,000—  40,200 
K\v, -hours  per  ton  of  coal  =  725 

Page  8— 

Efficiency  of  distribution  =  go  per  cent 

Kw. -hours  per  ton  available  to  consumers  =  630 

Candle-power-hours  per  ton  of  coal. 

(a)  Metal    filament    lamps    of    small    candle 

power  (average  life  1,000  hours)  ..         540, oco 

(b)  Half-watt   type   lamps   of   small    candle 

power  (average  life  1,000  hours)  .  .         800,000 

(c)  Half-watt   lamps   of   1,000   candle-power 

and  upwards        . .  .  .  . .  .  .      1,300,000 

Taking  the  average  of  items  (a)  and  (b)  both  for  gas 
and  electricity,  the  figures  are-- 


Gas 

Electricity 


316, 
670, 


so  that  gas  requires  2-15  times  as  much  fuel  as  elec- 
tricity for  the  same  amount  of  light  under  the  conditions 
defined,  as  compared  with  the  ratio  of  64/54  or  i  •  2 
given  by  Sir  Dugald  on  page  20.  Apart  altogether  from 
the  fuel  saving  through  the  use  of  electricity,  the  latter 
pcssesses   the    great   advantage   of    non-contamination 


of  the  atmosphere,  and,  through  the  absence  of  heat 
and  products  of  combustion,  minimizes  depreciation  of 
internal  decorations. 

Heating. — Electricity  does  not  compete  directly  with 
gas  for  heating.  Gas  is  in  direct  competition  with  coal 
for  industrial  work,  and  the  competition  to  replace  the 
open  coal  fire  lies  between  gas  and  the  closed  com- 
bustion stove.  Electricity  is  used  for  special  purposes 
where  high  temperature  is  required,  for  chemical  pur- 
poses, and  where  the  infrequent  use  of  heating  appliances 
makes  its  flexibility  a  convenience,  or  where  low  thermal 
efficiency  at  the  power  station  is  offset  by  the  high 
efficiency  of  the  detailed  apparatus.  I  should  be  inter- 
ested to  hear  from  Sir  Dugald  as  to  the  basis  on  which 
he  prepared  the  table  accompanying  his  note  which 
suggests  that  the  detail  apparatus  used  for  gas  heating 
has  a  thermal  efficiency  of  42  per  cent.  Having  regard 
to  the  large  amount  of  heat  carried  away  by  the  products 
of  combustion,  I  should  have  thought  that  the  thermal 
efficiency  of  this  class  of  apparatus  was  substantially 
lower  than  the  figure  given.  On  the  other  hand,  he 
suggests  that  the  efiiciency  of  detail  apparatus  for  electric 
heating  is  59  per  cent.  As  electric  heating  is  normally 
internal  and  there  is  no  loss  from  products  of  combustion, 
I  should  have  considered  that  the  difference  of  efficiency 
would  have  been  greater  than  the  figures  of  4  2  per  cent 
and  59  per  cent  suggested. 

Coal  consumption  for  equal  performance. — The  author 
in  his  introductory  Note  claims  that  complete  electric 
service  in  place  of  gas  would  increase  the  fuel  consump- 
tion of  the  country — for  the  same  supply — by  over 
2^  times.  This  statement  is  primarily  based  upon 
electricity  replacing  gas  for  general  heating  ;  no  such 
claim  has  ever  been  made  by  electrical  engineers,  and  if 
this  element  is  excluded  from  the  balance  sheet  it  will 
be  found,  subject  to  the  criticisms  made  by  me  under 
the  headings  power  and  light  respectively,  that  the 
balance  sheets  shows  a  substantial  thermal  saving  in 
favour  of  electricity. 

Future  co-operation. — On  page  23  of  the  paper  Sir 
Dugald  points  out  that  the  vast  field  for  use  of  elec- 
tricity is  realized  by  gas  engineers.  We,  on  our  side, 
realize  that  gas  has  its  own  special  field.  There  is 
room  for  the  fuller  development  of  both  these  pubhc 
utilities,  and  one  would  hope  as  an  outcome  of  this  dis- 
cus.sion  that  the  two  industries  would  try  to  co-operate  to 
a  greater  extent  in  the  future  than  has  been  the  case  in 
the  past.  Having  regard  to  the  tables  given  on  page  1 1 
of  the  paper,  it  would  appear  from  a  thermal  point 
of  view  that  gas-works  are  really  coke- works,  as  some 
58  per  cent  of  the  original  heat  units  remain  in  the  coke 
and  tar  produced,  only  some  23I  per  cent  of  the  thermal 
value  of  the  coal  leaving  the  works  as  gas.  Any  large 
increase  in  the  present  output  of  gas  will  result  in  a 
serious  problem  of  coke  disposal,  and  there  should  be 
some  possibility  of  the  gas  undertakings  supplying  heat 
units  to  electricity  undertakings  for  production  of  the 
most  flexible  agent  for  distribution  of  power.  A  further 
reason  for  co-operation  between  the  two  groups  of 
undertakings  is  the  making  of  the  best  use  of  all  classes 
of  coal.  At  present  gas  is  mainly  produced  from  a 
high-grade  coal,  many  grades  being  at  present  entirely 
"unsuitable    for    gas    production.     On    the    other   hand, 
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electricity  can  be  produced  from  any  class  of  coal,  but 
in  this  country  is  mainly  produced  from  the  lower  grades 
unsuitable  for  gas  making.  Neither  in  the  paper  nor 
in  the  Note  does  Sir  Dugald  rtiake  any  suggestion  as 
to  what  would  be  done  with  coal  unsuitable  for  gas 
manufacture. 

Mr.  ^V.  H.  Patchell  :  I  think  far  too  much  has  been 
made  of  this  so-called  attack  on  the  gas  industrj'.  Sir 
Dugald  Clerk  says  on  page  23  of  the  reprint  of  his  Royal 
Society  of  Arts  paper  that  it  would  be  a  serious  matter 
if  engine  development  were  hampered,  and  that  legisla- 
tion restricting  the  use  of  electricity  as  the  one  source 
of  light,  heat,  and  power  would  be  fatal  to  the  prosperity 
of  the  country.  That  may  be  an  inference  from  the 
Report  but  I  do  not  find  it  there.  It  aroused  the 
attention  of  politicians  when  party  politics  were  taboo. 
Electricity  was  to  be  the  cure-all — "  rivers  of  electricity  " 
were  to  wash  away  the  effects  of  the  war  if  not  the  whole 
national  debt.  The  Report  told  us  (page  8  of  Report, 
Cd.  9084)  that  "  the  pre-war  earning  power  or  wages  of 
each  indi\-idual  was  far  too  low."  We  have  with  us 
to-night  the  first  and  the  last  signatories  to  this  Report 
and  I  think  they  will  admit  that  high  wages  have  meant 
the  conservation  of  energy  in  another  sense  than  the 
slogan  of  the  Report.  The  Sub-Committee  say  on 
page  21,  "  Existing  generating  plants  are  uneconomical 
and  ought  to  be  scrapped."  There  is  no  quahfication 
.  — they  are  all  in  that  category  ;  and  they  go  on  to  say, 
"  but  tliis  cannot  be  done  until  more  modem  plants  are 
made  available."  The  cure  was  that  super-power 
stations  were  to  be  set  up  in  16  areas,  and  were  to  save 
55  millions  of  the  80  millions  of  coal  used  for  industry. 
How  is  that  80  million  tons  arri\-ed  at  ?  On  page  26 
of  the  Report  I  find  it  is  based  on  Mr.  Flux's  figure  of 
7oi  millions  which  the  Committee  says  were  figures 
10  years  old,  and  corrected  them  to  80  millions.  The 
Report  shows  distinctly  that  Mr.  Flux  excludes  from  his 
table  all  the  coal  used  for  blast  furnaces  and  also  all  the 
coal  carbonized  in  gas-works.  That  simply  proves  how^ 
the  55  millions  is  arrived  at.  1  do  not  find  the  18  mil- 
lions, or  20  million  tons  of  coal  as  Sir  Dugald  Clerk 
puts  it,  that  are  carbonized  in  the  gas  industry,  included 
in  the  So  million  tons  laboured  by  the  Report  and  touched 
by  the  saving  suggested.  It  is  primarily  the  politician 
and  not  the  electrical  industry  that  he  should  attack, 
if  anyone,  and  there  we  ought  to  make  common  cause. 
High  wages  earned  by  scrapping  all  existing  plants, 
bj-  the  output  of  super-pow^r  stations  paid  for  as  much 
as  possible,  to  the  tune  of  25,  or,  as  some  people  said, 
150  milhons  sterling  from  the  public  purse  was  an 
attractive  Parliamentary  cry,  especially  with  the  liberal 
interpretation  it  got  in  the  House  of  Commons.  I 
submit  that  the  relative  positions  of  the  electrical  and 
gas  industries  are  better  shown  in  the  recommendation 
made  to  the  Committee  by  the  most  eminent  gas  engineer 
in  this  country.  Dr.  Charles  Carpenter,  who,  gi\'ing 
evidence  before  a  House  of  Lords  Committee  a  few 
days  ago,  was  of  opinion  that  having  regard  to  the 
competition  of  electricity  the  existing  sliding  scale 
ought  to  be  abandoned.  The  thermal  efficiencv  of  gas- 
works is  well  known  and  improving.  The  thermal 
efficiency  of  a  modern  electricity  generating  station 
is  also  well  known  and  Sir  Dugald  Clerk  knows  that  it 


is  much  higher  than  the  average  figure  given  by  Mr. 
David  Wilson,  which  was  based  on  all  the  stations  in 
the  countrj-,  old  and  new,  on  a  low  load  factor.  For 
purposes  of  comparison  Sir  Dugald  should  have  taken 
18  or  18-5  and  not  8-5  per  cent.  On  those  figures  I 
ought  to  point  out  thai  copies  of  Sir  Dugald  Clerk's 
paper  on  the  "  Distribution  of  Heat,  Light,  and  Motive 
Power,"  reprinted  from  the  Journal  of  the  Royal  Societv 
of  Arts,  have  been  circulated,  but  the  discussion  which  is 
included  is  only  an  abstract  and  there  is  an  important 
figure  omitted.  I  am  not  concerned,  however,  in 
splitting  hairs  as  to  the  efficiency  of  generating  gas  or 
electricit)'.  I  recently  showed  in  a  paper  before  this 
Institution  that  gas  could  be  generated  at  a  higher 
efficiency  than  that  which  Sir  Dugald  claims  for  town 
gas.  I  also  showed  that  it  is  economical  and  convenient 
in  some  cases  to  use  gas  furnaces,  but  for  the  transmission 
and  utilization  of  power  over  a  large  works  or  a  scattered 
area  the  high  efficiency  of  the  gas  engine  at  full  load  was 
as  nothing  compared  with  the  all-round  efficiency  and 
convenience  attached  to  the  use  of  electric  motors. 
The  benefits  are  just  as  well  known  to  the  gas  industry 
as  to  other  people.  At  any  large  and  up-to-date  ga.s- 
works  the  management  will  be  found  proud  of  its  beaut\' 
spot,  a  gas-driven  electric  power  station.  Sir  Dugald 
gax'e  us  a  verj'  fair  and  liberal  account  of  the  way  that 
he  used  gas.  Last  week  he  was  in  the  Chair  in  this 
room  at  a  Meeting  of  the  Gas  Institute  when  unfor- 
tunately they  did  not  reach  a  paper  written  by  Mr. 
Joseph  Fisher,  of  Tottenham,  on  "  Electricity-  Supply 
b)'  Gas  Companies."  I  have  made  an  extract  or  two 
from  that  paper  which  I  think  are  worth  including  in 
the  proceedings  of  this  Institution.  Mr.  Fisher  says 
that  he  is  an  "  ardent  gas  man  "  and  then  :;ors  on  to  say  : 
But  in  spite  of  this,  five  years  of  electricity  supply  as 
a  part  of  his  work  have  shown  him  that  many  people 
will  have  electricity  for  lighting  if  fhey  can  get  it, 
even  if  it  costs  more  ;  and  he  has  also  been  astonished 
at  the  eager  demand  experienced  for  small  motors  for 
trade  purposes.  These  motors  are  installed  in  places 
where  gas-engines  would  be  quite  unsuitable.  They 
are  used  by  people  who  could  not  be  trusted  to  attend 
to  a  gas-engine  ;  and  the  small  amount  of  attention 
and  upkeep  they  require  is  agreeably  surprising.  .  .  . 
The  shopkeepers  who  had  introduced  electricity  for 
window  lighting  extended  it  to  the  interior  of  their 
premises.  They  installed  half -watt  lamps  freely,  and 
paradoxical  as  it  may  sound,  this  brought  about  an 
increased  demand  for  current.  Shopkeepers  who  had 
not  adopted  electricity  were  practically  forced  to  do  so 
by  the  brilliance  of  their  neighbours'  lighting.  .  .  . 
Owing  to  the  superior  efficiency  of  electric  lamps  the 
writer  maintains  that  there  is,  from  the  coal  conserva- 
tion point  of  view,  a  decided  advantage  in  using  gas  to 
generate  electricity  instead  of  burning  it  directly  to 
heat  an  incandescent  mantle.  .  .  .  For  power  the 
comparison  must  naturally  be  wholly  in  favour  of  gas 
used  direct  rather  than  for  electricit}'  generated  by 
town's  gas.  Obviously  one  cannot  generate  electricity 
by  gas  and  reconvert  it  into  power  without  some  loss  ; 
but  practically  there  is  a  great  advantage  is  so  doing. 
It  enables  a  great  number  of  people  to  use  small  power 
units  in  factories,  shops,  and  even  in  their  homes — in 
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places  where  a  gas-engine  would  be  quite  out  of  the 
question,  and  where  it  would  be  impossible  to  maintain 
the  efficiency  of  such  a  number  of  small  engines.  .  .  . 
Although  on  paper  the  advantage  is  in  favour  of  gas, 
the  writer  is  confident  that  in  practice  the  electric 
system  is  to  be  preferred  in  all  cases  where  there  is  not  a 
continuous  heavy  load  all  the  time.  .  .  .  Last  but  not 
least,  the  public  generally  should  get  the  best  service. 
People  without  technical  knowledge  would  not  be 
rushed  into  using  electrical  appliances  in  cases  where 
gas  is  in  every  way  better  and  more  economical,  and  so 
also  there  would  be  no  reason  to  dissuade  customers 
from  using  electricity  where  it  is  obviously  the  most 
suitable  agent  to  employ."  Thus  writes  Mr.  Fisher, 
and  I  have  not  quoted  all  that  I  might  have  done.  I 
would  plead  for  more  sanity  and  clear  thinking  in  each 
industry.  Some  people  speak  of  electricity  as  if  it  were 
a  prime  mover  and,  on  the  other  hand,  some  gas  people 
only  recognize  electricity  as  an  enemy.  The  competi- 
tion of  electricity  has  been  the  making  of  the  gas  industry. 
Each  can,  and  will,  help  the  other.  I  firmly  believe 
there  is  plenty  of  room  for  both.  But  what  I  am 
really  anxious  about  is  that  each  will  set  its  face  against 
the  pauperizing  of  its  customers  at  the  expense  either 
of  the  owners  of  the  respective  undertakings  or  of  the 
State. 

Colonel  R.  E.  B.  Crompton  :  Having  been  actively 
engaged  during  the  last  35  years  in  the  scientific  and 
industrial  development  of  electric  supply  I  have  alwaj's 
found  it  advantageous  to  be  on  good  terms  with  the  gas 
authorities,  as  there  are  points  common  to  both  of  us 
where  conference  and  mutual  assistance  is  desirable. 
When  Sir  Dugald  Clerk  read  his  paper  at  the  Society 
of  Arts  I  demurred  to  some  of  his  comparisons  as  mis- 
leading ;  I  pointed  out  that  even  in  the  case  of  electric 
heating  for  domestic  use  it  can  be  shown  that  the  same 
convenience  of  application  which  make  the  claims  for 
electric-motive  power  so  pre-eminent  are  sometimes 
applicable  to  heating,  e.g.  when  a  sick  person  requires 
artificial  heat  in  the  bedroom,  the  cost  of  giving  this 
heat  by  a  radiator  placed  near  the  bedside  is  much  less 
than  the  cost  of  heating  that  bedroom  by  gas.  I  have 
since  gone  into  this  matter  carefully  and  have  discussed 
it  with  my  friend  Dr.  Carpenter,  a  leading  gas  authority, 
who  is  Chairman  of  the  South  JMetropolitan  Gas  Company. 
I  told  him  that  I  had  used  gas  for  cooking  for  35  years, 
that  I  had  long  ago  found  it  too  costly  for  the  heating 
of  bedrooms,  and  that  for  cooking  for  my  moderate- 
sized  family  my  bills  have  averaged  from  /30  to  /40 
per  year  for  many  years  past,  and  that  I  thought  "by 
careful  study  this  wasteful  expenditure  might  be  reduced. 
Dr.  Carpenter  sent  one  of  hi's  experts  to  examine  my 
cooking  stoves  and  I  find  that  the  best  present  practice, 
on  the  scale  of  cooking  for  a  family  of  6  people,  the  aver- 
age consumption  of  gas  is  180  ft.  per  day  or  30  ft.  per 
person.  As  London  gas  is  taken  as  500  therms  per 
cubic  foot  this  means  that  15,000  therms  are  required 
to  cook,  that  is  to  raise  about  2  lb.  of  solids  and  5  lb. 
of  liquids  or  7  lb.  in  all  through  a  range  of  temperature 
necessary  for  cooking  purposes,  if  we  take  this  range  to 
be  about  150  degrees  F.  it  follows  that  the  total  number 
of  therms  theoretically  required  for  raising  the  material 
to  the  maximum  temperature  is  1,050,   that  is   to  say. 


the  balance  of  nearly  14,000  therms  is  wasted  in  radiation 
and  other  losses  or  added  to  those  caused  by  the  care- 
lessness of  the  cook.  Ivnowing  how  much  I  owed  to 
Druit  Halpin  for  his  study  of  thermal  storage  for  our 
generating  stations,  I  made  up  a  20-gallon  water-heating 
apparatus  so  protected  against  radiation  losses  and  with 
such  burners  that  the  water  therein  never  actually 
boiled,  and  I  was  at  once  struck  by  the  extraordinary 
economy  thus  obtained.  I  reduced  the  size  of  the 
Bunsen  burner  to  such  a  point  that  the  losses  due  to 
radiation  and  escaping  gases  were  balanced  by  the 
consumption  of  about  i  cub.  ft.  of  gas  per  hour.  I 
pointed  out  to  Dr.  Carpenter  that  this  made  me  an 
"  immoral  "  person,  as  this  small  quantity  was  not 
sufficient  to  cause  the  gas  meter  to  read  during  the  all- 
night  hours  when  the  gas  supply  for  ordinary  cooking 
was  not  used,  which  was  not  fair  to  the  gas  company. 
I  see  no  reason  why  equal  economy  of  electrical  modes  of 
heating  should  not  be  obtained  by  similar  means.  I 
have  called  attention  to  the  point  as  I  believe  the 
question  to  be  an  important  one.  The  minimizing  of 
losses  due  to  radiation  and  such-like  causes  ought  to  be 
carefully  studied  by  both  gas  and  electrical  engineers. 
As  an  old  electrical  engineer  I  feel  rather  pleased  with 
myself  for  having  shown  the  way  to  the  gas  people. 

Professor  A.  Smithells  :  I  think  it  is  all  to  the  good 
that  a  discussion  between  the  two  industries  should  be 
raised  to  the  level  reached  this  evening  and  should* 
be  rescued  from  that  partisanship  wliich  is  natural 
but  which  is  very  dangerous  in  some  respects  when  the 
public  and  the  statesmen  of  this  country  have  to  be 
led  in  the  right  direction  on  a  question  of  great  national 
importance.  I  hope  that  the  friendly  overtures  which 
have  been  made  in  an  official  way  between  the  two 
industries  mav  be  long  continued. 

Sir  Dugald  Clerk  {in  ripply,  communicated)  :  I  wish 
to  thank  the  President,  the  Council  and  the  members 
of  the  Institution  most  heartily  for  their  very  kind 
reception  of  Professor  Smithells,  Professor  Cobb  and 
myself.  They  heard  the  case  for  gas  efficiency  in  the 
fairest  way  and  expressed  themselves  in  a  friendly 
manner,  not  only  to  us  as  brother  scientific  men  engaged 
like  them  in  the  search  for  truth,  but  they  have  also 
sympathized  with  the  desire  for  progress  in  the  great 
gas  industry.  They  were  all  of  opinion  that  the  great 
electrical  industry  could  flourish  in  co-operation  with 
the  gas  industry.  They  recognized  that  our  country 
had  need  of  the  services  of  both,  and  looked  forward 
to  the  great  expansion  of  the  gas  industry  in  friendly 
rivalry  with  the  expanding  electrical  industry.  Un- 
doubtedh'  both  industries  will  flourish  under  free  com- 
petition, provided  that  both  are  left  free  from  hampering 
legal  restrictions.  To  me  the  attitude  of  electrical 
engineers  is  most  gratifying,  and  leads  me  to  hope  for 
a  better  understanding  between  us  and  more  co-opera- 
tion than  has  been  the  case  in  the  past.  The  gas  industry 
fully  recognizes  the  imperative  necessity  for  electricity 
as  well  as  gas. 

I  thank  also  all  those  electrical  engineers  who  took 
part  in  the  discussion  and  gave  us  the  benefit  of  their 
criticism.  With  regard  to  this  criticism,  I  had  hoped 
that  the  question  of  the  actual  efficiency  figures  given 
in  my  lecture  and  in  the  Clerk- Smithells-Cobb  Report 
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would  have  been  fully  examined  and  discussed.  No 
criticism,  however,  has  been  made  of  those  efficiency 
values,  and  onlv  a  very  few  references  were  made  to 
them  in  the  discussion.  Mr  \^'ordingham,  for  example, 
stated  that  when  a  gas  engine  was  running  light  it  was 
running  uneconomically  and  wasting  a  large  amour  t 
of  heat.  Mr.  Merz  also  questioned  the  figures  given 
as  to  efficiency  of  gas  engines  running  at  various  loads 
varying  from  20  to  25  per  cent,  and  he  stated  that 
these  efficiencies  were  not  obtained  or  kept  in  practice 
except  in  ver\-  exceptional  circumstances.  None  of 
the  other  speakers  questioned  the  efficiency  values 
given  by  gas  engines. 

\Vith  regard  to  Mr.  \\'ordingham's  statement,  I  would 
point  out  that  e\'en  as  early  as  1905  most  ordinary 
horizontal  gas  engines  in  towns  were  running  with 
coal  gas  on  a  27  per  cent  brake  efficiency  of  gas  at  the 
engine  at  full  load  ;  and  at  one-third  load  the  brake 
efficiency  was  still  20  per  cent. 

Mr.  Merz  is  quite  mistaken  in  assuming  that  20  and 
25  per  cent  are  exceptional  efficiencies  in  the  ordinary' 
coal-gas  engines  of  to-day  ;  30  per  cent  brake  efficiency 
at  full  load  is  not  at  all  uncommon.  Almost  anj'  good 
modem  horizontal  gas  engine  will  give  30  per  cent 
brake  efficienc)-  at  full  load  and  will  run  with  but  litcle 
reduction  dovni  to  J  load. 

With  regard  to  heating  by  electricity',  no  criticism 
is  made  of  our  figures.  Mr.  Wordingham,  it  is  true, 
points  out  that  the  ease  of  turning  a  switch  to  produce 
electric  heating  or  motive  power  is  so  great  that  econo- 
mies can  be  made  when  heat  is  required  for  short  periods, 
or  motors  have  to  run  for  similar  short  periods  doing 
discontinuous  work.  Gas  engineers  quite  understand  the 
advantage  of  electricitj'  used  in  this  waj-,  but  the  main 
point  of  my  Lecture  and  the  Joint  Report  has  been 
to  show  the  actual  efficiencies  in  extended  and  con- 
tinuous use.  I  find  myself  quite  in  agreement  with 
my  colleagues,  the  electrical  engineers,  in  considering 
that  thermal  efficiency  is  by  no  means  the  sole  deter- 
mining factor  leading  to  the  use  of  gas  or  electricity. 
Both  have  conveniences  wliich  far  exceed  those  of 
soUd  fuel,  and,  no  doubt,  both  would  be  used  instead 
of  solid  fuel  in  many  circumstances. 

With  regard  to  Mr.  Wordingham's  remark  as  to 
large  gas  engines  being  at  present  under  a  cloud,  I 
should  lilce  to  call  his  attention  to  the  mverted  vertical 
gas  engines  which  have  been  rapidly  introduced  into 
use  during  the  past  eight  years,  and  one  firm  alone 
has  supplied  over  100,000  b.h.p.  of  these  engines  in 
units  from  500  to  3.000  h.p.  These  engines  are  largely 
used  for  generating  electricity  at  collieries  and  in  other 
places.  I  quite  recognize  that  for  the  great  central 
stations  now  in  use  it  is  necessary  to  go  to  units  very 
much  larger  than  3,000  h.p.,  and  consequently  the  steam 
turbine  finds  great  use. 

I  agree  with  ifr.  Merz  as  to  the  importance  of  reducing 
the  cost  of  labour.  All  manufacturers  ask,  How  can 
we  produce  our  products  most  cheaply  ?  and  no  doubt 
cheap  motive  power  is  very  necessary.  The  very  large 
and  extending  use  of  the  smaller  gas  engines  running 
with  town's  gas  shows  how  much  manufacturers  do 
appreciate  such  cheap  motive  power.  For  work  of  this 
kind  the  gas  engine  industry  shows  an  ever-increasing 


expansion  which  has  not  been  checked  in  any  way 
by  the  use  of  the  electric  motor.  It  is  true  that  many 
of  the  smaller  gas  motors  up  to  perhaps  5  h.p.  are  but 
little  used  because  of  the  greater  convenience  of  small 
electric  motors,  but  the  only  effect  the  electric  motor 
has  had  on  the  gas-engine  industry  so  far  is  to  push 
up  the  average  power  of  indix-idual  gas  engines.  At  a 
certain  power  it  becomes  much  more  economical  to 
use  a  gas  engine  for  a  small  works  than  an  electric 
motor,  and  accordingly  gas  engines  are  so  used  in  very 
large  numbers.  I  have  alread}'  pointed  out  many 
times  that  much  more  than  a  million  horse-power  of 
gas  engines  are  at  present  in  use  in  Great  Britain,  many 
of  them  operated  by  coal  gas. 

I  do  not  quite  agree  with  IVIr.  Merz  and  Mr.  Sparks 
as  to  the  limitation  of  the  Coal  Conservation  Report 
to  motive  power.  It  is  true  that  the  55  or  56  million 
tons  was  to  be  saved  out  of  the  80  milUons  by  electric 
motive  power  alone.  This  estimate,  however,  I  have 
criticized  in  the  "Forrest"  Lecture,  and  I  need  not 
deal  further  with  it  here.  I  would  point  out,  however, 
that  it  was  necessary  for  the  gas  industry'  to  deal  not 
only  with  motive  power  and  light,  but  also  with  electiical 
heating.  Mr.  ISIerz  will  no  doubt  remember  that  this 
campaign  for  the  general  use  of  electricity  for  Ught, 
power  and  heat  really  began  with  Dr.  S.  Z.  de  Ferranti's 
Presidential  Address  to  the  Institution  in  1910.  Dr. 
Ferranti  made  the  following  statement  : 

"  It  appears  that  .  .  .  the  coal  should  be  con- 
verted .  .  .  into  a  form  iir  which  it  is  most  generally 
applicable  to  all  purposes  without  exception,  and 
m  which  it  is  most  easily  appUed  to  all  our  wants, 
and  is  at  the  same  time  in  a  form  in  which  it  is 
most  difficult  to  waste  or  use  improperly. 

"  We  are  therefore  forced  to  the  conclusion  that 
the  only  complete  and  final  solution  of  the  question 
is  to  be  obtained  by  the  conversion  of  the  whole  of 
the  coal  which  we  use  for  heat  and  power  into 
electricity,  and  the  recovery  of  its  by-products  at  a 
comparatively  small  number  of  great  electricity- 
producing  stations.  All  our  wants  in  the  way  of 
light,  power,  heat  and  chenucal  action  would  then 
be  met  by  a  supply  of  electricity  distributed  all 
over  the  country." 

With  this  statement  Mr.  Merz  prefaced  a  paper  read 
by  him  to  the  British  Association  Newcastle  Meeting, 
1916.  His  ambition  was  thus  to  supply  all  our  wants 
in  the  way  of  light,  power,  heat  and  chemical  action. 
I  ha\e  read  the  whole  of  Dr.  Ferranti's  Address  and 
there  is  no  doubt  that  this  was  his  intention.  Mr. 
Merz — unconsciously,  no  doubt — imported  that  feeling 
to  some  e.xtent  into  the  Sub-Committee's  Report,  and 
tliis  is  evident  from  the  statement  of  Lord  Haldane 
in  the  prefatorj'  note  to  the  Interim  Report  of  the 
Power  Generation  and  Transmission  Sub-Committee. 
Lord  Haldane  states  : 

"  The  question  of  the  conservation  of  coal,  so  far 
as  it  falls  within  the  reference  ...  is  the  question 
of  economy  in  the  use  of  coal  through  supplying 
electricity  for  power  and  other  forms  of  energy." 
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TJiere  is  no  limiting  here  to  power  alone,  and  when  I 
read  Lord  Haldane's  Address  in  the  House  of  Lords 
dealing  with  the  Electricity  Bill  I  find  that  he  clearly 
considers  gas-works  processes  to  be  of  a  most  un- 
economical nature  and  he  does  not  hesitate  to  say  so. 
These  statements  Lord  Moulton  attacked  in  the  House 
of  Lords.  Apart  altogether  from  the  direct  statement 
in  the  Committee's  Report,  the  whole  effect  of  the 
propaganda  to  obtain  large  central  stations  was  such 
as  to  imply  that  present  processes  were  wasteful  for 
supplying  heat,  light  and  power,  and  that  great  econ- 
omies would  be  obtained  by  generating  electricity  and 
distributing  to  supply  all  these  needs.  To  give  one 
example,  in  an  article  by  Mr.  Sydney  Brooks  in  the 
Nineteenth  Century  and  After  of  INIarch,  1919,  we  find 
this  statement  : 

"  We  are  all  sinners  in  this  wastage  of  coal — 
householders,  collieries,  manufacturers,  gas-works 
— they  perhaps  are  the  greatest  criminals  of  all — 
railways,  every  person,  every  firm,  every  industry 
that  uses  it  at  all." 

Such  statements  were  made  wholesale,  not  only  in  the 
monthlies,  but  in  many  daily  papers.  Even  Mr,  Patchell 
in  his  ren^arks  seems  to  have  observed  this  feeling. 
He  says  :  "  Electricity  was  to  be  the  cure-all.  Rivers 
of  electricity  were  to  wash  away  the  effects  of  the  war, 
if  not  the  whole  of  the  national  debt."  I  can  assure 
Mr.  Merz,  Mr.  Sparks  and  Mr.  Patchell  that  under 
these  circumstances  it  was  very  necessary  for  the  gas 
industry  to  bestir  itself  and  show  the  high  economies 
which  were  obtained  in  gas-n^aking  processes  for  the 
supply  of  heat,  power  and  light.  Mr.  Patchell  thought 
that  I  was  barking  up  the  wrong  tree  because  the  Coal 
Conservation  Sub-Committee's  Report  excluded  the 
20  million  tons  carbonized  annually  in  gas-works. 
Surely  Mr.  Patchell  is  wrong  here.  The  Report — by 
general  inference,  Lord  Haldane's  statements,  foot- 
notes, and  so  on — clearly  included  the  displacement  of 
the  present  coal  used  in  gas-works  for  generating  gas. 

With  regard  to  Mr.  Merz's  statement  that  the  figures- 
obtained  at  some  of  the  largest  gas-driven  stations  in 
the  world  were  inferior  to  those  obtained  at  steam- 
turbine  stations,  I  can  only  say  that  there  are  no  reallj' 
large  gas-driven  stations  at  work  in  Britain,  although 
in  one  Government  factory  during  the  war  there  were 
11,000  h.p.  of  vertical  gas  engines  under  one  roof  gen- 
erating current  for  an  electrochemical  process.  I  have 
not  been  able  to  get  from  Government  sources  the 
efficiency  figures  of  this  generation,  but  I  would  refer 
Mr.  Merz  to  a  recent  paper  by  Mr.  I^atchell.  read  within 
the  last  month  or  two  before  the  Institution  (Journal 
I.E.E.,  1920,  vol.  58,  p.  417).  He  will  there  find, 
as  the  result  of  a  very  careful  test  by  Mr.  Patchell 
himself,  that  the  combined  thermal  efficiency  of  elec- 
trical generation  was  19-9  per  cent  with  a  relatively 
small  gas-producing  plant  and  gas  engines  of  about 
500  h.p.  Such  figures  are  ver}-  easily  obtained  in 
quite  small  stations.  Gas-engine  designers,  however, 
are  quite  conscious  of  the  necessity  of  increasing  the 
power  of  the  gas  engine,  and  some  are  even  attempting 
to  use  gas  and  oil  on  a  large  scale  in  gas  turbines.  It 
may  be  that  in  the  comparatively  near  future  we  may 


find  the  gas  turbine  with  a  30  per  cent  efficiency.  That, 
however,  lies  in  the  future.  Mr.  Patchell  does  not  seem 
to  have  noticed  that  in  both  Report  and  Lecture  we  have 
dealt  with  18^  as  well  as  8J  per  cent  thermal  efficiency 
of  electricitv  generation. 

I  am  very  much  in  agreement  with  Mr.  Highfield 
as  to  the  necessity  for  co-operation  between  the  two 
industries,  and  I  quite  understand  his  argument  that 
even  cost  is  not  the  sole  determinmg  factor.  In  con- 
nection with  the  argument,  however,  it  is  interesting 
to  notice  Mr.  Highfield's  comparison,  for  the  boiling  of 
water,  between  electricity  and  gas.  He  states  that 
2  •  36  lb.  of  water  could  be  e-\-aporated  from  and  at 
the  boiling  point  for  a  penny  with  electricity  and  also 
gas  could  evaporate  for  a  penny  12-9  lb.,  whereas 
coal  could  evaporate  60  to  70  lb.  It  i:3  interesting  to 
see  that  the  ratio  of  cost  between  electricity  and  gas 
is,  roughly,  five  times — that  is,  the  electricity  cost  for 
evaporating  water  is  five  times  that  of  gas.  I  quite 
appreciate  that  under  some  circumstances  coal  might 
have  a  similar  advantage  over  gas  at  4s.  per  thousand, 
but  the  gas  industry  is  busily  at  work  in  remedying  this. 
The  gas  industry,  as  I  have  recently  pointed  out,  will  get 
much  higher  efliciencies  than  are  at  present  available. 

In  his  remarks  under  the  heading  "  Power,"  Mr. 
Sparks  assumes  that  I  have  confined  my  com- 
parison between  gas  and  electric  power  to  the  case 
where  the  thermal  efficiency  of  electrical  generation 
was  8-5  per  cent.  This  is  the  average  value  for  the 
United  Kingdom  as  given  by  Mr.  Wilson  on  behalf  of 
the  Coal  Controller,  but  if  Mr.  Sparks  will  kindly 
re-read  my  Royal  Society  of  Arts  Address  or  the  Clerk- 
Smithells-Cobb  Report,  he  will  find  that  I  have  also 
discussed  the  highest  results  obtained  by  gas  and 
electricity  where  the  electricity  is  generated  at  an 
efficiency  of  18-5  per  cent,  and  I  have  shown  that 
for  motive  power  gas  is  still  superior  at  its  highest 
e.xisting  efficiencies.  Mr.  Sparks  is  quite  in  error 
when  he  concludes  that  electricity  has  a  substantial 
advantage  over  gas  in  coal  conservation  when  the 
best  performance  of  each  is  considered. 

Under  the  heading  "  Lighting  "  Mr.  Sparks  uses 
erroneous  values  for  the  heat  consumption  by  gas  per 
candle-power  produced.  He  takes  one  case  (page  17 
of  niy  paper)  where  the  thermal  efficiency  of  gas  pro- 
duction is  65-2  per  cent,  and  he  takes  from  my  paper 
the  values  of  licat  consumption  at  the  gas-ivorks  to  produce 
I  candle-power  in  the  case  of  upright  type  mantle, 
82  therms,  and  inverted  type  mantle,  47  therms.  These 
values  he  assumes  erroneously  to  be  the  thermal  con- 
sumption in  use  at  the  burner,  whereas  the  actual 
heat  consumption  at  the  burner  per  candle-hour  is  in 
the  one  case  82  X  0-45  =  37  B.Th.U.  per  i  candle- 
hour  and  in  the  other  47  x  0-45  =  21  B.Th.U.  per 
candle-hour.  The  efficiency  of  gas  production  and 
distribution  in  the  case  given  by  me  is  0-45  or  45  per 
cent,  so  that  Mr.  Sparks  should  have  used  the  smaller 
numbers  thus  : — 


18,900,000 

37 
18,900,000 


=  312,000   candle-power-hours   per   ton 
available  to  consumer 

=  895,000  ,,  ,, 
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The  mean  value  is  thus  703  for  gas  instead  of  316, 
and  gas  and  electricity  figures  corrected  are  : — 

Gas  .  .  .  .  ...  . .      703 

Electricity  .  .  .  .  .  .      670 

Instead  of  a  ratio   of    1-2   in   favour  of   electricitj'  as 

under  the  conditions  given  by  me  as  average  results  for 

the  United    Kingdom,   Mr.   Sparks 's    calculation    when 

703 
conected  shows  - —  =  1-05.  a  ratio  sUghtly  in  fa\our 
670 

of  gas.     The  ratio  in  favour  of  electricity  is  here  not 

of  a  higher  order,  but  on  the  contrary  it  is  reversed. 

I    am    sure    that    Mr.    Sparks    will    agree    with    this 

\\hen  he  re-examines  his  use  of  my  figures. 

Under    "  Heating  "    Mr.    Sparks    asks   for   the   basis 

of  the  efficiency  of  use  values  used  by  me  :  gas  =  42 

per  cent  and  electricity  59  per  cent.     To  arrive  at  the 

comparison  I  have  taken  four  typical  cases  of  gas  and 

electricity'  for  heating  and  from  published  experiments, 

attached  to  each  average  thermal  efficiency.     The  \'alues 

are  : — 

G.\s. 

Gas  fires  .  .  .  .  .  .  .  .     65  per  cent 

Boiling  and  heating  water    .  .  .  .      60 

Gas  cooking  by  oven  ..  ..      11 

Steel  heating  .  .  .  .  .  .      32 


Electricitv. 
Electric  heatijig  of  rooms 
Electric  heating  and  boiling  water  .  . 
Electric  cooking  oven  (Barker) 
Industrial  metal  heatin.g  (Hadfieldl 


168 

100  per  cent 
60 

-I  ., 

54 


235 


I  have  assumed  in  both  cases  that  the  use  is  equal  in 
each  of  the  four  items  given. 

168 

Thermal  efficiencj*  of  use  :  Gas  = =  42  "o 

4 

235 
Thermal  efficiency  of  us3 :   Electricity  =    —  =59  °o 

4 

I  have  already  pomted  out  that  it  is  desirable  to  have 
a  census  of  use  for  the  whole  country,  but  meantime 
I  regard  the  two  values  42  and  59  per  cent  as  approxi- 
mately correct. 

Under  the  heading  "  Coal  consumption  for  equal 
performance  "  Mr.  Sparks  proposes  to  exclude 
heating  from  the  comparison.  This  appears  to  me  to 
be  unfair  in  view  of  the  strong  claims  put  forward  by 
electrical  engineers  for  a  general  service  of  heat,  power 
and  light.  But  even  if  heat  be  excluded  no  sa\ing  at 
all  can  be  shown  for  electi"icity  in  the  supply  of  power 
and  light  as  compared  with  gas. 

Under  the  heading  "  Future  co-operation  "  Mr. 
Sparks  fails  to  grasp  the  line  of  advance  now  followed 
by  the  gas  industry  which  will  soon  reduce  the  proportion 
of  coke  pioduced  to  any  desired  value  as  determined 
by  market  values. 

I  quite  understand  Mr.  Patchell's  views,  which  in 
many  particulars  closely  resemble  my  own.  My  paper 
and  the  Report  both  deal  with  electrical  generating 
efficiencies  up  to  18-5  per  cent,  so  that  I  need  not  further 
discuss  the  comparison  at  high  efficiencies. 

I  am  glad  to  hear  Colonel  Crompton  give  such  an 
encouraging  account  of  his  experience  with  gas  as  a 
heating  agent.  The  gas  industry  will  be  deUghted  to 
accept  his  co-operation. 
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Prek.ace. 

For  some  lime  past  the  author  has  had  in  preparation  a 
paper  dealing  with  many  practical  matters  which  arise  in 
making  permanent  magnets.  It  would  be  hard  to  find 
a  manufacture  more  entangled  in  occult  molecular  pheno- 
mena, and  it  soon  became  apparent  that  to  treat  the 
subject  without  some  kind  of  theoretical  basis  would  be 
much  like  building  on  quicksand.  Te.xtbook  theory  is 
too  remote  from  modern  ideas  about  magnetism  to  afford 
a  satisfactory  basis  for  practice,  and  the  present  paper  has 
therefore  been  undertaken  with  the  object  of  providing 
a  theoretical  foundation  more  in  keeping  with  present-day 
knowledge. 

The  first  part  of  the  paper  contains  an  account  of  the 
theory  of  permanent  magnetism  which  combines  Ampere's 
hypothesis  of  molecular  currents  with  Ewing's  theory  of 
the  interactions  between  the  magnetic  molecules.  The 
ideas  to  which  the  conception  of  molecular  currents, 
and  the  assumption  of  one  universal  magnetic  medium, 
naturally  give  rise,  are  developed  from  a  modern  point 
of  view,  and  the  elementary  principle  on  which  the  pre- 
determination of  permanent  magnets  depends  is  derived 
from  the  simple  proportionality  between  magnetomotive 
force  and  magnetic  induction. 

In  the  second  part  of  the  paper  two  fundamental 
equations  are  first  established  for  the  case  of  magnets 
of  uniform  flu.x  density  ;  the  first  of  these  equations  being 
a  statement  of  the  law  of  maximum  external  energy  which 
underlies  economic  design.  Ordinary  magnets  of  uniform 
sectional  area  are  then  dealt  with,  and  a  full  description 
is  given  of  the  author's  alternative  methods  of  forecasting 
the  energy  output  of  permanent  magnets. 

The  second  part  of  the  paper,  therefore,  forms  a  link 
between  theory  and  practice,  and  it  is  proposed  to  follow 
it  with  a  paper  devoted  to  the  practical  branch  of  the 
subject. 

T.4BLE  01-  Contents. 
Part  I.     The  iiicchanisin  of  fcrmancnt  magiielism. 
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energy  output  of  magnets. 
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Appendix.     On  the  estimation  of  magnetic  conductance. 

PART    I. 

THE    INTERNAL   MECHANISM    OF   A 
PERMANENT   MAGNET. 

(i)  Introductory. 

Anyone  who  has  to  do  with  permanent  magnets 
naturally  asks  himself,  sooner  or  later,  how  a  magnet 
works  ;  what  is  the  internal  magnetic  mechanism  wl^ich 
enables  it  to  maintain  a  magnetic  field  in  surrounding 
space.     And  if  a  permanent  magnet  is  to  be  designed  for 


IN   THEORY  AND   PRACTICE. 


781 


any  particular  purpose,  further  questions  arise  which 
demand  numerical  answers.  What  sln-ngtk  of  field  will 
a  magnet  of  given  dimensions  maintain  in  any  given 
space,  or  conversely  what  dimensions  must  be  given  to  a 
permanent  magnet  which  is  required  to  maintain  a  field 
or  flux  of  specified  value  in  a  given  space  ?  In  other 
words,  how  is  the  performance  of  a  permanent  magnet 
to  be  predetermined  ;  how  are  we  to  set  about  making 
a  numerical  forecast  of  what  it  will  do  ? 

General  explanations  of  the  action  of  permanent 
magnets  are  to  be  found  in  the  textbooks,  and  there 
is,  besides,  a  good  deal  of  information  to  be  found  by 
searching  for  it  among  scattered  papers  dealing  with 
different  aspects  of  permanent  magnetism.*  But  although 
the  literature  of  the  subject  is  voluminous,  it  is  mainly  a 
disconnected  record  of  uncorrelated  facts,  and  it  may  be 
searched  in  vain  for  any  comprehensive  account  of  the 
theory  of  permanent  magnetism  as  it  stands  to-day.  Xor 
does  it  appear  that  anything  has  been  published  w-hich 
solves  the  pro"blem  of  the  designer  by  putting  him  in  the 
way  of  finding  numerical  answers  to  the  questions  with 
which  he  is  confronted.  In  the  absence  of  any  established 
method,  the  author  has,  for  many  years  past,  endeavoured 
.to  answer  the  essential  questions  of  design  and  pre- 
determination, by  building  up  a  working  theory  of  the 
permanent  magnet  founded  on  the  e.xperimental  and 
theoretical  knowledge  we  possess  in  connection  with 
permanent  magnetism,  and  it  is  proposed  in  the  present 
paper  first  to  give  a  general  account  of  the  theoretical 
foundation  and  then  to  explain  the  method  of  pre- 
determining the  performance  of  magnets  which  the  author 
has  developed  for  his  own  use. 

So  far  as  design  and  predetermination  are  concerned, 
the  basis  is  to  be  found  in  the  demagnetization  curve  ;  and 
in  practice  it  is  not  necessary  to  look  beyond  the  cyclic 
curve  of   the  steel  in  designing  a  magnet  or  forecasting 
what  it  will  do.     But  the  object  of  this  paper  is  not  merely 
to  give  a  solution  of  the  practical  problem.     Its  wider  aim 
is  to  bring  practice  and  fundamental  theory  into  line,  and 
something  more  than  a  bald  description  of  the  arithmetical 
process  of   predetermination   is   needed.     It   will   not   be 
enough  to  show  that  a  magnet  of  such  and  such  dimen- 
sions will  maintain  so  much  magnetic  energy  in  external 
space  ;  if  the  paper  is  in  any  degree  to  achieve  its  purpose 
an  attempt  must  be  made  to  trace  the  energy  to  its  source 
inside  the   magnet,   and    to    obtain   an   insight   into   the 
internal  actions  that  govern  the  amount  of  external  and 
therefore  available  energy  which  a  permanent  magnet  can 
maintain.     The  paper  must  necessarily  cover  a  good  deal 
of  ground  ;  moreover,  the  subject  is  beset  with  difficulties 
on  the  theoretical  side,  and  being  for  the  most  part  beyond 
the    range    of    mathematical    treatment,    lengthy    verbal 
explanations  must  take  the  place  of  the  convenient  short 
cuts  provided  by  mathematical  analysis.     On  the  practical 
side,   the  author's   method   of    predetermination   will   be 
described  in  sufficient  detail  for  anj'one  to  make  use  of  it, 
and  a  few  practical  examples  will  be  given,  illustrating  the 
application  of  the  method  to  types  of  magnet  representing 
those  in  common  use. 

•  \a  extensive  bibliography  of  the  subject  was  appended  by  the  late 
Pr-  S.  P.  Thompson  to  the  lecture  on  permanent  magnets  {Journal  I.E.E., 
1913,  vol.  50,  p.  80)  which  he  gave  to  the  Glasgow  Local  Centre,  a  few  years 
before  his  death.  The  lecture  itself  is  an  admirable  summary  of  the  state  of 
jinowledge  at  the  time  it  was  delivered. 

Vol.  58. 


(2)  The  Theory  of  M.^gxetic  Attractive  Matter. 

There  are,  of  course,  two  ways  of  regarding  a  magnet. 
The  earlier  workers,  experimenting  with  bar  magnets, 
discovered  that  the  attractive  and  repulsive  forces  between 
the  ends  of  the  bars  obeyed  the  law  of  inverse  squares 
with  considerable  accuracy.  This,  and  the  influence  of 
Newton,  led  to  the  conception  of  magnetic  poles  from 
which  the  force  was  assumed  to  radiate  equally  in  all 
directions.  It  was  also  discovered  that  every  particle  of 
steel  in  a  magnet  was  itself  a  little  elementary  magnet. 
Upon  these  facts  a  mathematical  theory  was  founded  by 
assuming  that  the  observed  attractive  forces  were  due  to 
imaginar}' magnetic  attractive  matter  distributed  in  a  layer 
of  varying  thickness  over  the  surface  of  the  magnet. 
Attraction  and  repulsion  were  accounted  for  by  supposing 
the  magnetic  matter  to  be  of  two  kinds,  positive  and 
negative — north  and  south,  or,  as  Lord  Kelvin  used  to 
speak  of  it,  red  and  blue  magnetism.  The  theory  took  no 
account  of  the  significant  magnetic  properties  of  the  steel 
of  which  the  magnet  was  made,  and,  as  regards  the  forces 
at  work  in  surrounding  space,  action  at  a  distance  was 
tacitly  assumed. 

Such  a  theory  could  not  be  expected  to  carry  us  very 
far,  yet  in  the  unique  case  of  the  magnetized  ellipsoid  if 
gave  a  complete  mathematical  solution  of  a  problem 
which  has,  so  far,  not  been  solved  in  a  mathematical  sense 
for  any  other  shape  of  magnet.  As  we  shall  see  in  a  later 
section,  the  theory  of  the  ellipsoid  founded  on  hypo- 
thetical magnetic  matter,  when  used  in  conjunction  with 
present-day  knowledge  of  the  magnetic  properties  of  steel 
as  represented  by  the  cyclic  curve  of  magnetization, 
enables  the  performance  of  a  permanent  magnet  of  that 
particular  shape  to  be  predetermined  with  accuracy.  But 
beyond  that  unique  case  the  older  theory  does  not  provide 
a  basis  to  work  upon,  and  to  forecast  the  performance 
of  magnets  of  the  ordinary  forms  used  in  practice  we 
must  turn  elsewhere  for  guidance. 

(3)  HoPKixsox's  Method  of  Predetermixixg  the 
Perform.\nce  of  Electrom.\gxets. 

The  work  of  Faraday,  and  more  especially  his  wonder- 
ful insight  and  power  of  grasping  the  essence  of  pheno- 
mena, entirely  changed  the  older  perspective.  To  his 
mind,  action  at  a  distance  was  unthinkable,  and  when  he 
looked  at  a  magnet  he  saw,  in  imagination,  lines  of  force 
extending  from  the  magnet  throughout  the  surrounding 
magnetic  field  and  serving  as  the  means  of  transmission 
of  the  observed  mechanical  forces  between  one  magnet 
and  another.  And  since  the  lines  of  force  or  induction 
passing  through  the  magnet  were  continuous,  leaving  it 
at  one  pole  and,  after  traversing  the  magnetic  field, 
returning  to  it  at  the  other  pole,  the  conception  of  a 
magnetic  circuit  naturally  followed  ;  the  magnetic  circuit 
forming  a  continuous  path,  as  it  were,  traversed  by  the 
magnetic  flux  and  constituting  what  is  called  a  tube  of 
force,  or  tube  of  flux.  On  this  basis  Hopkinson  solved 
the  problem  of  forecasting  the  performance  of  a  dynamo. 
Rejecting  empirical  formulas,  he  showed  that  the  neces- 
sary total  excitation  to  produce  the  required  magnetic 
flux  could  be  ascertained  by  direct  reference  to  magnetiza- 
j    tion  curves  obtained  from  samples  of  the   iron  or  steel 
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employed  in  the  field  magnet  and  armature  ;  the  magnetic 
potential  difference  between  the  ends  of  each  component 
part  of  the  magnetic  circuit  being  deduced  from  the 
corresponding  curve.  Hopkinson's  method  is,  therefore, 
a  process  of  summation  or  integration  of  potential  differ- 
ences, proceeding  step  by  step  round  the  magnetic  circuit 
and  arriving  finally  at  the  total  magnetomotive  force 
which  must  be  supplied  by  the  field  coils. 

(4)    EXTESSIOX   OF    HOPKIN-SON's   MlLTHOD   TO    PERMANENT 

Magnets. 

Following  Hopkinson,  the  author  predetermines  the 
performance  of  permanent  magnets  by  a  somewhat  similar 
process  of  step-bv-step  integration  round  the  complicated 
bundle  of  magnetic  circuits  formed  by  a  permanent 
magnet  and  its  external  field,  referring  at  each  step  to 
the  cyclic  curve  of  the  steel  from  which  the  magnet  is 
to  be  made.  The  main  difficulty  in  dealing  with  a 
permanent  magnet  on  this  basis  lies  in  the  fact  that  in 
place  of  a  single  extraneous  magnetomotive  force  located 
in  the  field  coil  of  the  electromagnet,  we  have  an  inherent 
magnetomotive  force  located  inside  the  magnet  steel  and, 
in  general,  of  varying  magnitude  along  the  length  of  the 
magnet.  The  difficulty  arising  from  this  additional 
coinplexity  is  surmounted  by  performing  simultaneous 
step-by-step  integrations  of  both  potential  difference  and 
flux  density. 

The  method,  which  will  be  fully  explained  in  the  second 
part  of  this  paper,  is  re.adily  appUcable  to  any  permanent 
magnet  in  which  the  magnet  and  its  external  field 
constitute  a  fairly  well-defined  magnetic  circuit  ;  a 
condttion  which  covers  all  the  ordinary  forms  which 
occur  in  practice,  with  one  exception.  The  one  out- 
standing exception,  which  is  excluded  from  the  present 
paper,  is  .the^  ordinary  bar  magnet  of  uniform  cross- 
sectional  areaT  Although  the  total  flux  in  a  bar  magnet 
of  this  kind  can  be  predetermined  with  some  approach 
to  accuracy,"-  the  more  difficult  problem  of  forecasting  the 
law  of  variation  in  flux  density  along  such  a  bar  has 
hitherto  proved  intractable,  and  in  the  absence  of  a 
solution  it  is  not  possible  to  do  more  than  make  a  rough 
forecast  of  the  field  created  by  an  ordinary  bar  magnet 
at  any  given  point  in  surrounding  space.  The  unique 
case  of  the  bar  magnet  of  ellipsoidal  form  has  already 
been  mentioned.  Its  singularity  consists  in  the  fact  that 
in  an  ellipsoid  the  flux  density  is  uniform  throughout,  and 
hence  the  difficulty  which  arises  from  the  varying  density 
in  the  ordinary  bar  magnet  does  not  exist,  and  the 
ellipsoid  comes  within  the  province  of  the  mathematician. 

(5)  The  Magnetic  Energy   maintained  bv  Permanent 
Magnets. 

A  permanent  magnet  is  a  source  of  magnetic  energy  ; 
some  part  of  the  energy  appearing  in  that  part  of  the 
magnetic  circuit  which  lies  outside  the  magnet,  where  it 
is  maintained  by  the  surplus  magnetomotive  force  of  the 
magnet  steel.  The  product  of  the  total  surplus  magneto- 
motive force  into  the  magnetic  flux  constitutes  the  external 
energy  which  is  available  for  use  in  any  place  where 
it  is  desired  to  have  a  magnetic  field  or  magnetic  flux. 

•  h  rough  method  for  the  purpose  is  given  in  the  Appendix,  as  an  illustra- 
tion of  the  application  of  the  spherical  pole  formula. 


It  will  be  shown  that  the  external  or  available  energy  may 
be  readily  deduced  from  the  cyclic  curve  of  the  steel  of 
which  any  given  magnet  is  made,  and  that  the  maximum 
external  energy  which  can  be  maintained  by  a  unit  volume 
of  any  kind  of  steel  is  the  criterion  by  which  the  magnetic 
value  of  the  steel,  as  a  material  for  permanent  magnets, 
should  be  judged. 

(6)  The  Ampere-Ewing  Theory. 

We  must  first  look  to  the  origin  of  the  external  energy 
maintained  by  a  magnet.  The  only  known  .source  of  what 
is  called  magnetic  induction,  or  flux,  or  field,  is  an  electric 
current,  and  Ampere  long  ago  guessed  that  if  we  could 
look  inside  a  permanent  magnet  we  should  find  electric 
currents  flowing  in  molecular  circuits.  From  the  modern 
standpoint  the  molecular  current  is  no  longer  in  doubt, 
and  permanent  magnetism  must  be  explained  in  terms  of 
Ampere's  hypothesis  and  Evving's  theory  of  the  inter- 
actions between  neighbouring  magnetic  molecules  or 
elements.  The  ability  of  a  mass  of  Ampere  elements  to 
act  as  a  permanent  magnet  depends  on  their  margin  of 
stability  as  regards  the  equiHbrium  of  mechanical  forces 
within  the  system,  forces  which  arise  from  the  action 
of  the  molecular  currents  ;  and  before  coming  to  the 
principle  which  forms  the  basis  for  the  predetermination 
of  permanent  magnets,  it  will  be  necessary  to  consider 
at  some  length  the  conditions  which  govern  molecular 
equilibrium  in  any  magnetic  substance  like  iron  or  steel. 
The  forces  to  be  taken  into  account  are  far  too  complex 
for  mathematical  treatment,  and  the  subject  can  only  be 
dealt  with  in  a  general  way. 

Ewing's  theory  is  well  known  and  needs  no  description 
here,  beyond  a  brief  statement  of  tlie  underlying  principle. 
It  affords  a  rational  explanation  of  the  highly  complicated 
phenomena  of  induction  in  magnetizable  substances ; 
many  confusing  effects  of  temperature,  mechanical  stress, 
hysteresis  and  so  on,  falling  easily  into  their  right  places 
and  forming  parts  in  a  reasonably  consistent  whole.  In 
applying  the  theory  to  the  case  of  the  permanent  magnet 
it  is  only  necessary  to  follow  the  stages  through  which  the 
steel  is  carried  in  the  course  of  initial  magnetization  as 
a  magnet ;  we  are  not  concerned  with  hysteresis,  nor  is 
an)'  reference  to  temperature  and  other  effects  called  for 
in  the  present  paper. 

The  fact  that  any  small  particle  of  steel  in  a  permanent 
magnet  is  itself  a  little  magnet  long  ago  suggested  the  idea 
that  the  ultimate  elements  of  molecular  or  atomic  dimen- 
sions were  also,  in  effect,  permanent  magnets.  Weber 
assumed  that  molecules  of  iron  were  in  reality  permanent 
magnets,  and  he  did  not  find  it  necessary  to  inquire  why  they 
were  magnets.  On  the  other  hand,  Ampere  supposed  each 
molecule  of  iron  to  be  an  electric  circuit  of  no  resistance 
in  which  a  permanent  electric  current  flowed,  so  that 
the  molecule  behaved  like  a  little  magnet.  In  the  virgin 
state  of  the  steel  the  molecular  elements,  whether  of  the 
Weber  or  of  the  Ampere  type,  were  assumed  to  have  the 
direction  of  their  magnetic  axes  disposed  at  random,  so 
that  in  the  aggregate  they  produced  no  observable 
magnetic  effect,  the  process  of  magnetization  consisting  in 
orienting  the  molecules  more  or  less  in  one  direction  by 
means  of  an  externally  applied  magnetizing  or  orienting 
force.     Various    hypotheses    of    an   artificial    kind    were 
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devised  to  account  for  tlie  peculiar  relation  between  the 
applied  force  and  tlie  resulting  magnetization,  without, 
however,  arriving  at  a  satisfactory  explanation  of  the  facts, 
so  far  as  they  were  known. 

At  a  later  time  when  the  cyclic  character  of  the  magneti- 
zation curve  had  been  recognized  and  investigated  by 
many  workers,  Ewing  swept  away  the  whole  of  the 
rather  fantastic  hypotheses  for  the  control  of  the  magnetic 
molecules,  by  showing  that  if  vi'e  supposed  each  molecule 
to  be  free  to  turn  about  a  pivotal  axis  at  right  angles  to 
its  magnetic  axis,  the  ordinary  magnetic  attractions  and 
repulsions,  which  would  naturally  take  place  between 
neighbouring  magnetic  molecules,  were  alone  sufficient  to 
account  for  every  characteristic  feature  of  the  highly 
complicated  cychc  curve.  The  interplay  of  the  turning- 
moments  which  adjacent  molecules  e.xert  on  each  other  in 
this  way  is  beyond  the  scope  of  mathematical  demonstra- 
tion, but  the  Ewing  model,  which  consisted  of  a  group  of 
20  or  30  freely  pivoted  little  permanent  magnets — repre- 
senting a  group  of  Weber  elements — faithfully  reproduced 
all  the  features  of  the  cyclic  curve  of  magnetization  and 
demonstrated  the  substantial  truth  of  Ewing's  theory. 

It  need  hardly  be  pointed  out  that  models  are  not  neces- 
sarily proofs.  A  model  is  often  based  solely  on  analog}'  ; 
there  is  a  coincidence  of  effect  without  an}'  real  identity  of 
action.  But  the  Ewing  model  rests  on  firmer  ground  than 
mere  analogy.  Like  the  steel  which  it  is  intended  to 
represent,  it  is  built  up  of  little  magnetic  elements.  It  is 
controlled  solely  by  the  inherent  magnetic  attractions  and 
repulsions  of  the  little  magnets,  and  since  it  reproduces 
the  exceedingly  complicated  phenomena  represented  by 
the  cyclic  curve  the  chances  in  favour  of  identity  of  action, 
and  against  accidental  coincidence,  are  enormous.  We 
are  therefore  justified  in  believing  that  the  invisible  actions 
going  on  inside  a  magnetizable  substance  like  iron  or  steel 
are,  broadly  speaking,  identical  with  the  actions  which 
visibly  take  place  in  the  model. 

(7)  Adaptation  of  Ewixg's  Theory  to  Ampere's 
Molecular  Circuits. 

Ewing's  theory  was  published  nearly  thirty  years  ago  and 
much  has  happened  in  the  meantime  to  clear  up  matters 
which  were  then  in  doubt.  The  discovery  of  the  electron 
by  Sir  J.  J.  Thomson,  and  the  evolution  of  a  theory  of  the 
atom  as  a  system  of  electrons  moving  with  very  high 
velocity  in  orbits  round  a  centre  or  nucleus,  have  definitely 
turned  the  scales  in  favour  of  Ampere's  hypothesis.  The 
existence  of  the  molecular  current  will  therefore  be 
assumed  ;  but  for  mental  convenience  the  magnetic  mole- 
cule with  its  complicated  system  of  electronic  currents 
will  be  represented  by  an  imaginary  circuit  or  current 
ring,  carrying  a  permanent  and  constant  current,  and 
behaving  like  the  actual  molecule  so  far  as  magnetic 
actions  on  neighbouring  molecules  and  surrounding  space 
are  concerned. 

In  treating  of  permanent  magnets  we  shall  therefore 
regard  a  piece  of  steel  as  composed  of  a  crowd  of  current 
rings,  and  it  will  be  assumed  that  each  current  ring  is  free 
to  rotate,  or  rather  to  deflect,  about  any  diameter  in  the 
plane  of  the  ring ;  in  other  words  that  it  has  a  pivotal 
axis  at  right  angles  to  its  magnetic  axis.  In  the  initial 
or  virgin  state  of  the  steel  the  current  rings  are  sup- 
posed to  be  arranged,  not  exactly  at  random,  as  regards 


their  individual  orientations,  but  in  groups  which  form 
more  or  less  self-contained  systems  held  together  by 
m.agrietic  bonds  of  mutual  induction,  so  that  an  assemblage 
of  similar  groups  will  have  no  resultant  magnetomotive 
force  to  create  induction  in  any  one  direction.  So  far  we 
are  following  Ewing,  and  the  process  of  orientation  of  such 
a  mass  of  current  rings  does  not  differ  in  principle  from 
that  which  has  been  so  full}'  described  by  Ewing  himself 
in  connection  with  a  crowd  of  Weber  elements." 

But  our  point  of  view  naturally  undergoes  a  change 
when  we  substitute  .\mpere  elements  or  current  rings  for 
the  little  Weber  elements,  and  it  becomes  possible  to 
recognize  certain  broad  principles  underlying  the  mag- 
netic equilibrium  of  a  mass  of  current  rings  under  the 
control  of  their  own  inherent  forces.  Although  it  is  not 
practicable  to  follow  the  motions  of  any  individual  current 
ring,  or  to  determine  the  law  of  the  complicated  forces 
exerted  on  it  b\'  its  neighbours,  it  is  possible  b}'  dealing 
with  current  rings  in  the  mass  to  determine  both  the 
general  character  of  the  forces  which  control  their  average 
angle  of  orientation,  and  the  nature  of  the  conditions 
which  govern  the  stability  of  the  wlible  mass  as  an 
oriented  system  of  magnetomotive  forces. 

In  the  first  place,  it  may  be  assumed  that  the  magnetic 
medium  in  which  the  current  rings  are  immersed  is  the 
universal  magnetic  medium  of  space.  The  assumption 
that  there  is  only  one  magnetic  medium  to  be  reckoned 
with  greatly  simplifies  our  notions  about  magnetism 
because  the  relation  between  the  two  fundamental  quan- 
tities, namely  the  magnetomotive  force  of  an  electric 
current  and  the  resulting  state  of  things  in  the  medium 
which  goes  by  the  names  induction,  magnetic  flux,  or 
magnetic  field,  will  everj'where  and  under  all  circum- 
stances be  the  same.  And  although  we  do  not  yet  under- 
stand the  nature  of  the  mechanism  by  which  the  current 
creates  the  induction,  we  do  know  by  experiment  that  the 
induction  is  strictly  proportional  to  the  magnetomotive 
force  of  the  current. 

(8)  Terms,  Definitions,  and  Sy.mbols. 

Permanent  magnetism  has  a  long  history  and  has  given 
rise  to  a  medley  of  terms  whicli  have  become  embedded 
in  the  language  of  science,  although  some  of  them  have 
long  since  become  divorced  from  their  primitive  sense  or 
even  lost  their  phj'sical  significance.!  In  treating  the 
subject  from  a  somewhat  novel  point  of  view,  it  will  there- 
fore be  well  at  the  outset  to  define  the  sense  in  which 
certain  terms  will  be  used.  Since  it  is  intended  to  apply 
the  principle  of  the  magnetic  circuit  to  the  permanent 
magnet,  the  fundamental  quantities  will  be  the  magneto- 
motive force  acting  in  the  circuit,  the  reluctance  (or  the 
magnetic  conductance)  of  the  circuit,  and  the  magnetic 
flux  which  is  maintained  in  the  circuit  by  the  magneto- 
motive force.  It  need  hardly  be  said  that  although  these 
phrases  all  suggest  a  something  moving  along,  they  are 
used  conventionally  and  are  not  intended  to  commit  us 
to  any  theory  as  to  what  is  actually  going  on  in  the 
magnetic  medium.  With  our  present  knowledge,  all  we 
are  justified  in  saying  is  that  to  maintain  the  state  of  things 

•  J.  \.  Ewing  :  "  Magnetic  Induction  in  Iron  and  other  Metals,"  1S93, 
chap.  xi. 

t  The  continued  use  of  scientific  terms  which  have  changed  their  meaning 
seems  quite  unavoidable;  and  so  long  as  we  know  what  is  meant  by  them 
their  use  does  no  particular  harm  as  a  rule.  We  still  speak  of  the  sun  rising, 
though  astronomers  now  explain  the  phenomena  of  sunrise  in  another  way. 
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called  magnetic  induction,  a  magnetomotive  force  is 
required  ;  what  that  state  of  things  may  really  be,  we  do 
not  know. 

Ouaiitily  De/iiWcl. 
Sytiibol.* 

F     Magnetomotive    force    inherent    in   a   magnetized 
body;  reckoned    per  cm.  length.     For  brevity  it 
may  be  called  motive  force. 
/    Motive  force  expended  inside  the  magnetized  body ; 

reckoned  per  cm.  length. 
(j)  Surplus  motive  force  of  a  magnetized  body ;  reckoned 
per  cm.  length.  A  term  which  refers  to  that 
part  of  the  motive  force  F  per  cm.,  which,  not 
being  expended  inside  the  magnetized  body, 
becomes  a  surplus  available   for   use   elsewhere. 

F=f  +  4>. 
H     E.xtraneously  applied  motive  force  acting  inside  a 

magnetized    body   or    mass    of    current    rings ; 

reckoned  per  cm.  length. 
R,    )■     Magnetic  reluctance. 
1;     Magnetic  conductance. 
B     Magnetic  flux. 

Y 


0  X 

Fig.  I. — Orientation  angle  (J  of  a  current  ring  a  b. 

The  arrow  indicates  the  direction  of  the  magnetomotive  force  of  the 
current  ring. 

B  Resultant  flux  density  created  by  the  combined 
action  of  F  and  H. 

B  The  magnetic  induction.  The  word  induction  will 
be  used  in  the  original  sense,  namely  that 
magnetic  condition  in  space  which  is  created 
by  the  inherent  magnetomotive  forces  of  a 
magnetized  body  or  oriented  mass  of  current 
rings.  When  an  extraneous  motive  force  H  is 
present  B  =^±  H,  numerically. 

V  The  total  surplus  motive  force  available  for  use  out- 
side a  magnet  ;  in  other  words  V  is  what  may  be 
called  the  terminal  potential  difference  maintained 
by  the  aggregate  motive  force  of  the  magnet. 

i  The  strength  of  the  electric  current  in  a  current 
ring,  or  magnetic  molecule. 

s     The  area  of  the  current  ring  or  molecular  circuit. 
N     The  number  of  current  rings  or  magnetic  molecules 
in  a  cubic  cm. 

d  The  average  distance  between  the  centres  of  con- 
tiguous magnetic  molecules. 

♦  See  Note  on  page  825. 


XY  Rectangular  co-ordinates  will  be  used.  The  mag- 
netic circuit  is  supposed  to  be  drawn  as  a  develop- 
ment in  a  straight  line,  the  magnetic  axis  being 
the  axis  of  .v. 
8  The  effective  angle  to  which  the  current  rings  in  a 
magnetized  body  have  been  oriented.  It  is  the 
angle  of  inclination  between  the  effective  or 
resultant  direction  of  the  magnetic  axes  of  a  mass 
of  current  rings,  and  the  axis  of  y,  or  Y  direction, 
see  Fig.  i.  This  convention  as  to  the  datum 
from  which  Q  is  measured  is  adopted  in  order 
that  an  increase  in  0  may  result  in  an  increase  in 
the  effective  motive  force  F  acting  in  the  X 
direction.  6  is  an  angle  such  that  n  sin^  is  the 
algebraic  sum  of  the  sines  of  the  individual  angles 
of  inclination  of  n  current  rings. 

(9)  The  Motive  Force  of  a  Mass  of  Oriented 
Current  Rings. 

On  Ampere's  theory  the  properties  of  a  mass  of  current 
rings  will  apply  to  all  magnetizable  substances,  but  for 
simplicity  of  statement  the  magnetic  body  will  be  referred 
to  throughout  as  iron  or  steel.  Let  us  suppose  that  a  piece 
of  unmagnetized  iron,  that  is  to  saj'  a  mass  of  current  rings 
in  which  the  orientation  angle  is  zero,  has  been  subjected 
to  the  magnetic  field  of  an  extraneous  motive  force  acting 
in  the  X  direction.  Immersed  in  the  extraneously  applied 
field,  the  current  rings  are  acted  on  bj'  torques  tending  to 
deflect  them  on  their  pivotal  axes  and  bring  their  magnetic 
axes  into  line  with  the  applied  field.  We  may  call  the 
applied  field  the  magnetizing  force,  provided  we  under- 
stand its  action.  What  it  does  is  to  apply  an  orienting 
torque  to  e%'ery  current  ring  ;  it  does  not  "  magnetize " 
anything.  Now  let  the  applied  field  be  removed  leaving 
the  mass  of  current  rings  in  a  more  or  less  oriented  con- 
dition, which  is  defined  by  their  orientation  angle  d-  The 
magnetized  or  oriented  piece  of  iron  will  now  possess  an 
inherent  motive  force  in  the  X  direction,  the  oriented 
mass  of  rings  creating  induction  in  that  direction. 

The  effective  motive  force  of  the  oriented  mass  may  be 
found  as  follows :  If  a  straight  line  is  drawn  anywhere 
through  the  mass  parallel  with  the  X  direction,  the  motive 
force  along  the  line  will  evidently  be  4  77  ;i ;,  where  «  denotes 
the  number  of  current  rings  threaded  by  the  line  per  cm. 
of  length.  We  may  imagine  the  entire  volume  occupied  by 
the  mass  of  rings  to  be  traversed  by  similar  straight  lines, 
uniformly  spaced  and  all  parallel  with  the  X  direction  ; 
and  if  there  are  g  lines  per  sq.  cm.,  the  number  of  lines 
threading  an  average  current  ring  will  be^ssin^,  where 
s  sin^  is  the  projected  area  of  the  current  ring.  The 
average  number  of  current  rings  in  a  cubic  cm.  being  N 
and  the  length  and  sectional  area  of  the  mass  of  rings 
being  denoted  by  L  and  A  respectively,  the  product  of 
the  total  number  of  rings  into  lines  threaded  will  be 
NLA^ssin^.  But  the  total  number  of  lines  traversing 
the  mass  will  be  gA,  and  hence  the  number  of  current 
rings  threaded  by  an  average  line  will  heHLAgssinOI  (gA) 
which  is  NLssin^.  Hence  «,  the  number  of  current 
rings  threaded  by  the  average  line  in  a  centimetre  of  its 
length,  will  be  s  N  sin  0  and  the  motive  force  along  any 
line  parallel  with  the  X  direction  will  be 

F  =  47T«i  =  4775/ N  sin^    .     .     .     .     (i) 
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When  ^  is  a  right  angle,  that  is  to  say  when  all  the 
current  rings  are  completely  oriented  in  the  X  direction  so 
that  sin  0=1,  the  motive  force  per  cm.  attains  its  maximum 
value  F„,=  4<Tsy N  so  that  \vc  ma5'  put 

F  =  F„,sinf? (2) 

(10)  Systematic  Distribution  of  Current  Rings. 
It  is  a  matter  of  common  observation  that  when  a  piece 
of    iron    has    been    magnetized    it   retains   some   of    the 


or  more  current  rings  will  tend  to  turn  on  their  pivotal 
axes  in  directions  which  will  increase  their  joint  energy. 
Hence  a  mass  of  rings,  lilce  that  shown  at  I  in  Fig.  2, 
cannot  be  in  stable  equilibrium,  because  the  magnetic  axes 
of  the  rings  are  pointing  indifferently  in  all  directions  and 
the  onlj'  energy  in  the  mass  is  that  arising  from  the  self- 
induction  of  individual  rings.  Evidently  the  energy  of  the 
mass  will  be  increased  if  any  two  or  more  rings  turn  round 
until   they   possess  a  magnetic  axis  in   common,  and   so 
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Fig.  2. — Diagrams  illustrating  the  eHect  of  uniform  spacing  of  the  current  rings  or  magnetic  molecules. 

I.  Current  rings  pointing  at  random  ;  9  =  o^. 
II.  Current  rings  in  orderly  self-contained  groupings  ;  0  =  o^ 
III.  Current  rings  after  ttie  application  of  an  orienting  field  ;  0  =  go®. 
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Fig.  3. — Diagrams  showing  the  effect  of  gathering  the  current  rings  together  into  concentrated  groups. 

IV.  Groups  in  the  self-contained  state  ;  0  =  o\ 
V.  Groups  under  tlie  action  of  a  strong  orienting  field  ;  6  nearly  90=. 
VI.  Oriented  groups  in  the  remanent  state  after  removal  of  the  orienting  field  :  0  about  45". 


magnetization  after  the  removal  of  the  extraneous 
magnetizing  force.  The  oriented  current  rings  are  there- 
fore in  equilibrium  when  the  iron  is  in  the  permanently 
magnetized  state,  and  it  requires  the  application  of  an 
extraneous  field  in  the  positive  direction  to  increase  the 
orientation,  and  in  the  negative  direction  to  decrease  it. 
Equilibrium  implies  that  the  algebraic  sum  of  the  torques 
acting  on  any  current  ring  is  zero,  and  the  origin  of  the 
mechanical  forces  acting  on  the  current  rings  must  now  be 
considered. 

Assuming  the  atomic  currents  to  be  constant,  any  two 


create  for  themselves  a  bond  of  mutual  induction. 
General  movements  of  rotation  would  therefore  go  on 
throughout  such  a  mass  until  some  kind  of  systematic 
grouping  of  motive  forces  had  given  rise  to  a  number  of 
bonds  of  mutual  induction,  serving  to  hold  the  whole  mass 
of  rings  in  stable  equilibrium.  If  we  imagine  the  current 
rings  to  be  uniformly  distributed  throughout  the  mass,  the 
simplest  form  in  which  they  can  arrange  themselves  in 
equilibrium,  in  the  absence  of  any  extraneous  force,  is  that 
shown  at  II,  which  may  be  regarded  as  a  typical  example 
of  the  primitive  condition  of  a  piece  of  iron  before  it  has 
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been  magnetrzed  ;  the  orientation  angle  being,  in  effect, 
zero.  In  this  state  the  current  rings  are  held  in  systematic 
angular  positions  by  bonds  of  mutual  induction  which  are 
indicated  in  the  diagram  by  the  circular  dotted  lines 
representing  the  magnetic  axes  of  the  groups. 

If  an  extraneous  motive  force  of  gradually  increasing 
strength  is  applied  to  a  mass  of  current  rings  in  the 
primitive  or  self-contained  condition  (II,  Fig.  2)  the  torque 
exerted  on  the  rings  by  the  extraneous  field  will  deflect  them 
against  the  opposing  torques  due  to  their  mutual  induction. 
As  the  deflections  increase  there  will  be  a  gr.idual  diminu- 
tion in  the  component  motive  forces  which  create  the 
mutual  induction,  and  a  corresponding  decrease  in  the 
opposing  torques,  until  at  length  when  the  applied  torque 
exceeds  the  remaining  strength  of  the  mutual  induction 
bonds  there  will  be  nothing  to  prevent  the  current  rings 
from  turning  round  until  they  have  one  and  all  set  them- 
selves with  their  magnetic  axes  in  alignment  with  the 
extraneous  field,  as  shown  at  III.  In  this  completely 
oriented  state  the  mass  will  once  more  be  in  equili- 
brium, and  if  the  extraneous  force  is  removed  the 
current  rings  will  retain  their  oriented  positions  by  virtue 
of  the  general  induction  through  the  whole  mass,  created 
by  the  resultant  inherent  motive  force  of  the  oriented 
system  ;  the  magnitude  of  the  motive  force  being  47TS1  N, 
and  the  energy  a  maximum.  The  mass  of  rings  has  there- 
fore passed  from  one  condition  of  equilibrium  to  another 
through  a  transitional  stage  of  instability  ;  the  orienting 
process  having  been  opposed  by  the  negative  torques 
arising  from  the  mutual  induction  which  held  the  current 
rings  together  in  the  primitive  or  self-contained  condition. 
As  in  the  case  of  the  effective  angular  position  of  a  number 
of  current  rings,  the  torques  which  arise  from  the  mutual 
induction  of  self-contained  or  closed  groups,  like  those 
shown  at  II  (Fig.  2),  may  be  represented  by  an  equivalent 
torque  acting  on  the  average  current  ring,  and  the  negative 
torque  arising  in  this  way  is  one  of  the  several  torques  to 
be  taken  into  account. 

With  the  imaginary  uniform  distribution  shown  at  II 
(Fig.  2),  complete  orientation  would  take  place  when  once 
the  primitive  bonds  of  mutual  induction  had  been  broken 
by  the  extraneous  force.  No  magnetic  material  is  known 
which  behaves  in  this  waj',  the  permanently  oriented  or 
remanent  state  in  iron  or  steel,  for  example,  falling  xery 
far  short  of  complete  orientation.  But  with  uniform 
distribution  of  current  rings  there  is  no  intermediate 
condition  of  equilibrium  between  the  self-contained 
arrangement  and  the  fully  oriented  state,  and  we  are 
therefore  led  to  infer  that  in  iron  and  other  magnetic 
substances  there  is  some  lack  of  uniformity  which  has 
the  effect  of  giving  the  magnetic  molecules  stability  as 
an  oriented  system  at  some  angle  less  than  complete 
orientation.  A  simple  modification  in  distribution  would 
suffice  to  give  the  required  stability.  The  primitive  con- 
dition shown  at  II,  as  a  plan  in  two  dimensions,  repre- 
sents a  system  of  cubical  groups  of  eight  current  rings 
arranged  about  the  centres  G  G,  and  the  modification 
might  consist  in  a  gathering  together  of  the  eight  rings, 
a  shrinkage  of  the  group,  which  would  decrease  the  size 
of  the  cube.  In  this  w.ay  the  current  rings  in  any 
individual  group  having  been  drawn  closer  together  about 
the  centre  G,  the  group  would  have  become  more  or  less 
detached    from   its   neighbours ;    a   concentration   which 


makes  no  change  in  the  average  number  of  rings  or 
magnetic  molecules  in  unit  volume,  but  releases  the  group 
to  some  extent  from  the  influence  of  neighbouring  groups 

1  and  enables  it  to  act  as  a  more  or  less  independent  unit. 
An  example  of  the  modified  distribution  is  shown  at 
IV    (Fig.   3)  ;   an  imaginary  arrangement   which   may  be 

]  described  as  a  uniform  distribution  of  concentrated 
cubical   groups.     Concentration    of   this   kind  provides   a 

'    more  or  less  free  space  outside  each  group,  which  enables 

i  an  oriented  group  to  form  complete  local  magnetic  circuits 
passing  through  the  current  rings  and  returning  through 
the  free  space.  The  current  rings  in  a  concentrated 
group  are  therefore  able  to  maintain  a  flux  in  these  local 
paths,  w-hich  will  serve  as  a  magnetic  bond  to  hold  them 
together  as  an  oriented  group.  Each  group  will  have  its 
own  natural  magnetic  axis  of  orientation,  an  axis  which 
upon   the  average  will  be  inclined  to  the  direction  of  the 

;  extraneous  force,  and,  on  orientation  of  the  whole  mass 
each  concentrated  group  will  .arrange  itself  as  an  oriented 
local  system.  Oriented  groups  of  this  kind  are  shown  in  V 
and  VI  (Fig.  3)  :  and  since  they  have  been  formed  during 
the  transitional  stage  in  which  the  current  rings,  having 
been  released  from  the  primitive  induction  bonds  shown 
in   IV,   are   turning    round    under   the   influence   of    the 

:  orienting  field  towards  the  direction  in  which  that  field 
is  applied,  the  magnetic  axes  of  the  groups,  after  orienta- 
tion, must  necessaril}'  point  more  or  less  in  the  direction 
of  the  applied  field.  That  is  to  saj'  they  will  all  point 
somewhere  within  a  right  angle  of  the  X  direction  ;  they 
cannot  point  backwards. 

(11)  Tribal  Coxditioxs  of  Orient.vtion. 

Following  Ewing,  we  shall  suppose  that  in  a  piece  of 
iron  or  steel,  of  sufficient  size  to  contain  a  large  number 
of  crystals,  there  will  be  tribes  of  molecules  regularly 
formed  in  parallel  lines  of  groups,  as  indicated  in  the 
diagrams,  the  different  tribes  presenting  every  possible 
variety  of  aspect  as  regards  the  inclination  of  the  lines  of 
groups  to  the  direction  of  the  extraneous  applied  force. 
Hence  after  orientation  in  the  X  direction  the  magnetic 
axes  of  the  concentrated  groups,  in  any  considerable  mass, 
will  point  in  every  direction  which  it  is  possible  for  them 
to  acquire  while  they  are  arranging  themselves  during  the 
transitional  stage.  In  other  words  the  magnetic  axes  of 
the  groups  will  have  every  variety  of  direction  between 
0°  and  180",  and  since  complementary  angles  in  the  two 
quadrants  o"  to  qo°  and  180"  to  90  have  the  same  effect 
as  regards  motive  force  created  in  the  X  direction,  the 
mean  angle  of  orientation  will  be  45'.  The  diagrams  of 
imaginary  arrangements  show  portions  of  an  individual 
tribe,  and  for  simplicit}'  the  inclination  of  the  lines  of 
groups  with  regard  to  the  X  direction  has  been  made  45", 
in  order  to  correspond  with  what  we  may  suppose  to  be 
the  average  aspect  of  a  number  of  tribes.  Hence  the 
oriented  groups  shown  at  V  and  VI  (Fig.  3)  have  their 
magnetic  axes  pointing  in  two  complementary  directions 
only,  namely  45°  and  180"— 45'=,  which  in  state  VI  makes 
the  effective  angle  of  orientation  in  the  X  direction  equal 
to  45 ' ;  this  being  the  remanent  condition  of  orientation  of 
the  imaginary  arrangement. 

The  orientation  of  the  individual  current  rings  may  be 
pushed  beyond  the  condition  shown  in  VI  by  the  applica- 
tion of  an  extraneous  field,   and   in  the  limit  every  ring 
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might  be  oriented  to  90°.  But  on  the  removal  of  the 
extraneous  field  the  current  rings  will  return  to  the 
angular  position  they  naturally  occupy  as  members  of 
locally  oriented  groups  and  the  remanent  condition  shown 
at  VI  (Fig.  3)  will  be  restored. 

In  diagrams  V  and  VI  (Fig.  3)  the  oriented  groups  are 
directed  indifferently  at  the  two  complementary  angles ; 
but  if  the  principle  of  maximum  energy  is  applied,  it  is 
clear  that  such  an  arrangement,  although  it  might  be 
possible  for  the  individual  tribe,  would  have  no  stability  in 
the  presence  of  other  tribes  of  complementary  aspect. 
For  example,  if  the  concentrated  groups  in  two  contiguous 
tribes,  like  those  shown  at  VII-  and  VIII  in  Fig.  4,  arrange 
themselves  systematically  during  the  transitional  stage  so 


direction  will  cancel  corresponding  parts  of  the  local 
circuit  in  which  the  two  directions  are  contrary,  and  in 
effect  we  have  only  to  take  into  account  those  parts  of 
the  tribal  circuits  which  have  a  direction  at  right  angles 
to  the  X  direction.  In  other  words  it  will  only  be  neces- 
sary to  consider  the  local  tribal  induction  as  having  a 
transverse  or  Y  direction.  The  principle  of  maximum 
energy  strongly  suggests  the  tribal  condition  as  a  con- 
sequence of  orientation,  and  there  is  a  certain  amount 
of  experimental  evidence  pointing  to  the  same  conclu- 
sion. The  existence  of  tribes  of  molecules  implies  tribal 
boundaries  of  some  kind,  and  it  may  be  that  in  crystalline 
substances,  like  iron  and  steel,  each  minute  crystal 
constitutes  a  tribe. 


\ 
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Fig.  4. — Diagram  showing  effect  of  systematic  tribal  orientation  of  concentrated  groups  of  current  rings. 


that  all  groups  in  tribe  VII  have  their  magnetic  axes  at 
45\  and  all  those  in  tribe  VIII  at  180-45  ,  then  in  each 
tribe  there  will  be  a  component  motive  force  at  right 
angles  to  the  X  direction,  and  the  two  tribes  will  act 
together  to  create  a  flux  in  a  local  or  tribal  magnetic 
circuit,  the  axis  of  which  is  indicated  in  the  diagram  by 
the  broken  line.  Now  a  systematic  tribal  arrangement  of 
this  kind  in  no  way  affects  the  motive  force  in  the  X 
direction  nor  does  it  involve  any  change  in  the  local 
energy  of  the  individual  groups.  Hence  the  orderly 
direction  of  the  magnetic  axes  of  the  groups  in  adjacent 
tribes  increases  the  energy  of  the  whole  system,  and  in 
the  absence  of  anything  to-prevent  it  some  such  orderly 
tribal  arrangement  must  be  the  final  condition  after 
orientation.  The  tribal  magnetic  circuits  may  be  supposed 
to  present  every  variety  of  aspect  towards  the  X  direction, 
but  whatever  the  aspect  of  an  individual  tribal  circuit  (or 
local  whirlpool  of  flux)  may  be,  those  parts  in  which  the 
flux  has  the  same   direction   as   the  useful  flux  in  the  X 


(12)  The  Equilibrium  of  a  Mass  of  Current  Rings. 
Assuming  that  the  molecular  or  crystalline  structure 
of  iron  lends  itself  to  tribal  conditions  with  transverse 
induction,  the  torques  acting  on  the  average  current  ring 
in  an  oriented  mass  will  arise  in  four  ways,  namely, 
(i)  from  the  useful  induction  j3  in  the  X  direction,  this 
being  what  may  be  called  the  principal  torque  ;  (2)  from 
the  transverse  induction  ^y  due  to  the  tribal  condition, 
which  may  be  referred  to  as  the  tribal  torque  ;  (3)  from 
the  rate  of  change  of  the  mutual  induction  of  closed  or 
self-contained  groups  ;  and  (4)  from  the  rate  of  change 
of  the  mutual  induction  of  oriented  groups.  In  addition 
to  these  four  torques  which  are  all  inherent  in  the  oriented 
system  of  current  rings,  there  may  of  course  be  a  torque 
arising  from  an  applied  field  created  by  an  extraneous 
motive  force.  Taking  the  inherent  torques  in  order,  that 
due  to  the  induction  in  the  X  direction  will  be  ^sicosd, 
and  since  the  motive  force  in  that  direction  is  477  s ;  N  sin  0 
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we  may  put  j3  =  i;^s  j  N  sinft  where  Ar,  is  a  constant 
proportional  to  the  magnetic  conductance  in  the  X 
direction.  Torque  (i)  is  therefore  A-^.s=i=  N  sin^cos^. 
Similarly  if  ^^  is  the  transverse  induction,  torque  (2)  will 
be  ^j.si  sind,  and  the  component  of  motive  force  acting 
in  the  Y  direction  being  ^tt si  NcosQ  we  shall  have 
^,  =  k^sicosd,  so  that  torque  (2)  will  be  l-yS'  I'NcoiO 
smO.  Torque  (i)  tends  to  increase  6,  torque  (2)  to 
decrease  0  ;  that  is  to  say  the  principal  torque  acts  in  a 
positive  sense  and  the  tribal  torque  in  a  negative  sense. 
Since  these  two  torques  are  the  same  function  of  0  they 
may  be  conveniently  reckoned  together  as  a  single 
resultant  torque  P  =  {l\  —  kj) s'i-Nsmd  cos 0- 

Torques  {3)  and  (4)  arise  from  the  action  of  the  flux 
in  the  local  magnetic  circuits  of  concentrated  groups 
when  the  current  rings  are  deflected  more  or  less  away 
from  the  angular  positions  which  they  would  occupy 
as  members  of  oriented  groups,  in  the  absence  of  a 
deflecting  torque.  These  torques  are  therefore  pro- 
portional to  the  product  s'  i'  and  to  the  number  of 
current  rings  in  unit  volume  ;  they  will  also  evidently 
depend  on  the  degree  of  concentration  in  the  groups. 
Since  the  deflections  concerned  form  part  of  the  general 
orientation  of  the  mass,  torques  (3)  and  (4)  must  each 
depend  on  the  value  of  6  ;  the  relation  between  torque 
and  angle  is,  however,  of  an  exceedingly  complicated 
nature  and  cannot  be  expressed  by  any  known  function 
of  6.  We  must  therefore  be  content  to  represent  the 
unknown  functions  (and  incidentally  our  ignorance)  by 
symbols  ;  letting  u  stand  for  the  function  of  6  appro- 
priate to  the  deflection  of  current  rings  in  oriented 
groups,  and  v  for  the  corresponding  function  belonging 
to  self-contained  or  closed  groups.  Combining  these 
two  torques  as  a  single  resultant  group  torque,  and 
denoting  its  value  under  any  particular  conditions  by 


G,    we    may    put   G 


'i'N  {g  It  —  j  v),   where    g   and 


j  are  constants  depending  on  the  geometry  of  the 
system  of  current  rings  and  the  degree  of  concentration 
in  groups.  With  a  perfectly  uniform  distribution, 
entirely  free  from  concentration,  g  and  j  will  be  zero 
and  the  group  torque  vanishes.  Of  the  two  functions 
It  and  V,  the  latter  will  always  be  negative,  the  current 
rings  in  a  closed  group  naturally  tending  towards  zero 
orientation.  On  the  other  hand,  the  sign  of  u  depends 
on  the  particular  stage  of  orientation.  During  the 
earlier  stages  of  orientation  when  oriented  groups  are 
in  process  of  formation  u  is  positive,  but  in  the  later 
stages  when  the  current  rings  in  oriented  groups  are 
deflected  beyond  their  natural  position  as  members 
of  groups,  u  becomes  negative.  During  the  process  of 
demagnetization  it  becomes  positive  again  as  soon  as 
the  deflections  begin  to  take  place  towards  zero  angle, 
and,  being  the  predominant  term  during  that  stage, 
gii  —  i  V  is  also  positive. 

The  particular  deflectional  condition  of  the  current 
rings  in  closed  and  oriented  groups  will  depend  not 
only  on  the  stage  or  orientation,  that  is  to  say,  the 
transitional  stage  from  closed  to  oriented  groups  or 
vice  versa,  but  also  on  the  initial  condition  of  groups 
as  regards  the  deflections  of  their  members  at  the  time 
when  the  process  of  transition  began.  In  other  words, 
the  group  torque  G  will  depend  on  the  previous  history 
of  the  mass  of  rings  ;    on  the  initial  state  and  sequence 


of  changes  preceding  any  particular  stage  ot  transition 
or  orientation.  Hence  for  any  particular  value  of  Q 
the  functions  u  and  v  may  have  a  number  of  different 
values  depending,  as  it  were,  on  the  route  by  which 
6  has  been  arrived  at,  and  G  is  therefore  a  many  valued 
function.  It  should  be  noticed,  however,  that  if  two 
masses  of  current  rings  (two  pieces  of  iron)  having 
the  same  product  s  i  N  and  the  same  degree  of  con- 
centration, are  brought  from  identical  initial  states 
by  the  same  route  to  the  same  final  angle  6,  then  the 
group  torque  G  will  have  the  same  value  in  both 
masses ;  because  the  current  rings  will  have  been 
subjected  to  the  same  sequence  of  changing  torques 
and,  on  an  average,  they  will  ha\'e  arranged  themselves 
in  the  same  fashion. 


(13)  Tentative  Equation  of  the  Torques  Acting 
ON  AN  Average  Current  Ring.  Dependence 
OF   Coercive    Force    on    Concentration. 

Assuming  the  presence  of  an  extraneous  motive 
force  H  acting  in  the  X  direction  and  creating  a  field 
numerically  equal  to  H,  there  will  be  an  applied  torque 
Hii  cos^  in  addition  to  the  inherent  torques,  and  the 
equation    of  equilibrium    will   be  G=P±Hs!COS^,  or 

s»  !'  N  (g  u-jv)  =  (l:t-l-y)  s- 1-  N  sin&  cos^i  H  s  i  cosO  (3) 

This  equation  is  very  far  from  being  a  complete  state- 
ment of  the  conditions  for  equilibrium,  nevertheless 
one  or  two  useful  deductions  may  be  drawn  from  it. 
In  the  particular  case  when  H  is  applied  in  the 
negative  direction  and  so  adjusted  in  magnitude  as  to 
reduce  the  remanence  flux  in  the  X  direction  to  zero, 
so  that  6  =  0,  the  first  term  on  the  right-hand  side 
vanishes  ;  and  the  group  torque  being  positive  we  have 
Hs  icosd=  s'l-N  {g  «i  — _;'  Vj),  where  u^  and  I'j  stand  for 
the  particular  values  of  ti  and  v  when  6  has  fallen  from 
the  remanence  value  to  zero.  The  particular  value  of 
negative  extraneous  force  which  brings  about  this 
condition  is  called  the  coercive  force  and  is  usually 
denoted   by  the   symbol   Hj.     Hence  we  find 


Hc=-S^i^N{gUr  -jv,) 


(4) 


\\'hen  there  is  no  gathering  together  of  current 
rings  into  concentrated  groups,  g  and  j  are  both  zero, 
and  in  that  case  H^  becomes  zero.  Hence  a  magnetic 
material  in  which  the  magnetic  molecules  were  dis- 
tributed with  absolute  uniformity  would  have  no 
coercive  force  in  the  ordinary  sense  ;  no  ability  to 
preserve  itself  in  a  partially  oriented  state  as  a  per- 
manent magnet.  Group  concentration  and  coercive 
force  therefore  go  together,  and  we  may  infer  that 
the  greater  the  degree  of  concentration  the  greater 
will   be   the   coercive   force. 


(14)  The    Margin    of    Stability    and    Differential 
Permeability. 

One   of  the   significant   facts   connected   with   highly 
magnetic  materials  like  iron  is  the  magnitude  attained 
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by  the  ratio    Sj3/SH,   the  difierential    permeabiUty  as 
it  is  called.     Now  ^  =  k^siN  sin 9,  and 


H 


s^  i-  N{git—  j  v)  —  {kx  —  ky)  s^  i'  N  sin  ^  cos  6 


s i cos  6 
from  which  hplbO  and  SH/§^  can  be  obtained. 

Writing     '^  =  ^    Jq    and    putting     gn-jv    for 
du        dv 


k, cos' 6 


SH     g{H+uta.nd)-j(v+vtand}  —  {kx~ky)  cos^^^ 


(5) 


Here  the  denominator  represents  the  margin  of 
stability  possessed  by  the  mass  of  current  rings. 

On  experimental  grounds  there  is  reason  to  beUeve 
that  in  a  mass  of  which  the  transverse  dimension  is 


example,  into  iron,  are  the  result  of  some  departure 
from  an  almost  perfect  uniformity  of  molecular  spacing 
in  pure  iron.  Carbon  is  known  to  combine  chemically 
with  iron,  and  if  the  consequent  molecular  rearrange- 
ments involve  any  kind  of  gathering  of  magnetic 
molecules  into  more  or  less  separated  groups,  local 
magnetic  circuits  will  be  established  ;  local  paths  for 
the  bonds  of  mutual  induction  which  hold  the  magnetic 
molecules  together  as  oriented  local  systems.  And 
with  those  local  bonds  there  comes  into  existence  the 
group  torque  which  gives  a  margin  of  stability  to  an 
otherwise  unstable  system  of  current  rings.  Without 
that  margin  the  permanent  magnet  would  be  an 
impossibility. 

The  extreme  smallness  of  the  margin  of  stability 
in  iron  and  steel  will  perhaps  be  realized  more  easily 
by  comparing  the  principal  positive  torque  acting  in 
a  piece  of  permanently  magnetized  iron,  with  the  feeble 
negative   applied    torque   which    suffices   to   upset    the 


Table    i. 

Comparison  between  the  Balanced  Torques  of  Permanently  Magnetised  Materials  and  the  Disturbing  Torque 

which  destroys  the  Balance. 


Material 

Balanced  Positive  and 

Negative  Torques  at 

Remanence  Point 

i 
Instantaneous  \alue 

of  the  resultant 

Positive  Torque  on 

application  of  He 

Instantaneous  Difference  between 
4-  and  -  Torques 

Difference 

Percentage 

Annealed  iron  containing  a  small  perc:ntage  of 

silicon 
Annealed  Lowmoor  iron  . . 
Unhardened  magnet  steel:  carbon  07  per  cent, 

tungsten  5  per  cent 
The  same  magnet  steel  hardened 

6000 

8  000 

10  200 
10  400 

5  999'^ 

7  998 

10  171 
10333 

08 
20 

29 
67 

0013 

0-025 

028 
064 

considerable  compared  with  the  size  of  the  crystals, 
ky  is  equal  to  A-^,  and  in  the  ideal  case  of  a  mass  which 
is  symmetrical  in  the  X  and  Y  directions,  a  spherical 
body  or  a  cubical  body  for  example,  ky  would  neces- 
sarily be  equal  to  k,.  We  may  therefore  assume 
kx  —  ky  =  0  as  a  possible  condition  in  any  magnetic 
bodj'  ;  and  in  that  case  the  margin  of  stabilitj-  will 
vanish  when  g  and  j  are  both  zero.  In  other  words, 
if  there  is  no  gathering  together  of  magnetic  molecules 
into  more  or  less  separated  groups,  there  will  be  no 
margin  of  positive  stability,  and  the  differential  per- 
meability of  the  material  will  be  infinite. 

Xo  such  material  is  known  to  us,  but  since  in  pure 
'soft  iron  values  of  8B/SH,  or  what  is  practically  the 
same  thing  8^/8H,  as  high  as  20,000  have  been  ob- 
served,* we  infer  that  the  molecular  structure  of  soft 
iron,  although  not  absolutely  free  from  some  kind  of 
concentration  of  magnetic  molecules,  cannot  be  far 
from  it.  We  may  draw  the  further  inference  that 
the  decrease  in  SjS/SJH  and  the  increase  in  coercive 
force,  which  follow  the  introduction  of  carbon,  for 
■  EwiSG,  loc.  cit,  p.  56. 


balance  and  bring  about  a  reduction  of  the  orientation 
angle,  inherent  motive  force,  and  induction,  to  zero. 
Denoting  the  remanent  induction  by  jS,,  and  the  corre- 
sponding angle  by  6,,  the  principal  positive  torque 
will  be  jS,s!cos0,.  We  have  supposed  this  to  be 
balanced  partly  by  the  tribal  torque  and  partly  by 
the  group  torque  ;  but  without  considering  the  origin 
of  the  negative  torques  it  is  clear  that  in  the  remanence 
state  of  stable  permanent  magnetism  there  is  in  fact 
a  balancing  torque  acting  on  the  average  current  ring, 
equal  in  magnitude  and  opposite  in  sign  to  ^,si  cosd,, 
so  that  the  positive  torque  is  a  true  measure  of  the 
strength  of  the  balanced  torques  acting  on  the  average 
current  ring.  The  disturbing  torque  due  to  an  extra- 
neous motive  force  H  is  Hsjcos^  at  the  instant  of  its 
application,  that  is  to  say  before  the  current  rings 
have  begun  to  turn  round  under  its  influence  in  the 
direction  which  diminishes  6,.  If  the  magnitude  of 
the  extraneously  applied  torque  is  such  that  in  the 
end  it  just  suffices  to  reduce  9  to  zero,  in  other  words 
if  the  coercive  force  value  is  applied,  then  the  initial 
value  of    the   disturbing   torque  is  HcSicos^,  and    the 


790 


EVERSHED :   PERMANENT   MAGNETS 


ratio  which  either  of  the  balanced  torques  bears  to 
the  disturbing  torque  will  be  p^sicosO,!  Hcsicosd,, 
or  simply  in  the  proportion  of  |3,  to  H^.  Hence  the 
remanence  value  of  the  induction,  and  the  coercive 
force,  may  be  regarded  as  measuring  respectively  the 
balanced  torques  of  the  remanent  state,  and  the  dis- 
turbing torque  which  completely  destroys  the  balance. 
How  great  is  the  disparity  between  them  will  be  seen 
from  the  figures  given  in  Table  i  which  relates  to  a 
few  typical  magnetic  materials.  In  the  table  the 
torques  are  stated  in  terms  of  induction  and  applied 
motive  force  or  field  ;  they  are,  therefore,  merely 
numbers  proportional  to  the  magnitude  of  the  torques 
acting  on  the  average   current  ring. 

Although  the  proportion  which  the  destroying  torque 
bears  to  the  inherent  torques  of  the  permanently 
magnetized  state  is  unlikely  to  be  more  than  a  rough 
indication  of  the  degree  of  concentration,  the  figures 
in  Table  i  certainly  suggest  that  in  iron,  and  par- 
ticularly in  silicon  iron,  the  departure  from  uniformity 
of  molecular  spacing  is  very  slight.  Even  in  the  case 
of  hardened  tungsten  magnet  steel,  concentration  has 
apparently  not  gone  very  far,  and  may  very  likely 
be  nowhere  near  the  limit  of  molecular  accommodation. 
If  that  surmise  is  correct  it  should  not  prove  impossible 
to  produce  a  magnetic  material  which,  in  virtue  of 
a  far  higher  degree  of  concentration  in  the  groups  of 
magnetic  molecules,  would  possess  a  inuch  greater 
coercive  force  than  is  obtained  in  the  magnet  steels 
now  in  use.  But  coercive  force  is  not  itself  a  factor 
of  the  magnetic  energy  which  a  permanent  magnet 
is  capable  of  maintaining,  and  whether  a  material  of 
a  higher  degree  of  concentration  would  make  an  effi- 
cient magnet  would  largely  depend  on  the  current  per 
magnetic  molecule  and  the  number  of  such  molecules 
in  unit  volume. 


(15)    Interdependence     of     Orientation    Angle, 
Motive  Force,  Induction,  and  Group  Torques. 

Equation  (3),  which  is  more  of  a  mental  aid  than 
a  strictly  mathematical  statement,  serves  to  direct 
attention  to  the  complexity  of  the  conditions  of  equili- 
brium. We  see  that  for  any  value  of  6  the  moti\-e 
force  will  have  a  corresponding  value  F„,  sin0  for 
which  there  will  be  a  corresponding  induction  in  the 
X  direction.  But  since  the  group  torque  may  have 
any  one  of  a  number  of  different  values,  depending 
on  the  previous  magnetic  history  of  the  mass  of  current 
rings,  equilibrium  can  only  be  attained  by  giving  the 
extraneous  motive  force  H  some  particular  value, 
governed  by  that  of  the  group  torque.  Hence  in 
testing  a  piece  of  iron  it  is  found  that  the  relative 
values  of  induction  and  applied  inotive  force,  the 
relation  of  j8  to  H,  depends  on  the  previous  history  of 
the  iron,  and  to  reproduce  the  same  value  of  j8  for 
any  given  value  of  H  it  is  necessary  to  start  from  some 
initial  standard  condition,  like  that  of  the  virgin  iron, 
and  subject  the  iron  to  precisely  the  same  sequence 
of  changes  in  order  to  secure  the  same  group  torque 
on  arriving  at  the  angle  9.  All  who  are  accustomed 
to  magnetic  testing  are  only  too  familiar  with  the 
fact,  and  the  equilibrium  equation  points  to  the  cause. 


For  the  same  numerical  relation  between  j8  and  H 
it  is  not  sufficient  merely  to  give  the  current  rings 
the  same  effective  orientation  angle  ;  it  is  essential 
to  build  up  that  complicated  angular  state  by  means 
of  identically  the  same  deflectional  conditions  of  the 
current  rings  in  the  groups,  in  order  that  the  group 
torque  may  have  the  proper  value  to_  bring  about 
equilibrium  at  the  given  angle  d  with  the  given  ex- 
traneous force  H. 

Another  deduction  follows  immediately.  Provided 
there  is  identity  as  regards  group  torque  at  any  given 
angle  d,  then  there  will  be  identity  as  regards  inherent 
motive  force  and  resulting  induction.  For  example, 
imagine  two  pieces  of  iron  A  and  B  which  are  identical 
with  respect  to  siN  and  the  degree  of  concentration, 
and  are  initially  in  the  same  magnetic  condition.  Let 
both  pieces  be  subjected  to  orienting  forces  which 
produce  a  series  of  angular  changes,  resulting  in  final 
states  represented  by  Ga,  da.  Fa  and  jSa  for  the  piece 
A  ;  and  by  Gj,  9i„  Fj  and  jSj  for  the  piece  B.  Then 
if  the  sequence  of  angular  changes  has  been  the  same 
for  both  pieces  of  iron,  we  shall  have  the  group  torques 
Ga  =  Gj  when  da  —  Ob.  and  in  the  final  states  the  equili- 
brium of  torques  will  be  identical  in  the  two  pieces. 
But  since  Fa  =  F„,sin9a  and  F4=F,„sin^i,  it  follows 
that  when  da  =  d^  the  inherent  motive  forces  will  also 
be  equal,  or  F^  will  be  equal  to  Fj  ;  and  consequently 
fia  will  be  equal  to  ^j,,  since  induction  is  proportional 
to  motive  force.  Hence  G,  6,  F,  and  j3  are  mutually 
dependent  quantities  and,  provided  the  initial  states 
and  the  sequences  of  change  have  been  the  same,  there 
will  be  a  final  equality  in  group  torque,  equality  in 
angle,  equality  in  inherent  motive  force,  and  equality 
in  flux  density. 

{16)  Causes    of    Disturbance    of    the    Equilibrium 
OF  Torques. 

As  we  have  seen,  equilibrium  is  the  result  of  a 
wonderfully  elaborate  and  delicate  balancing  of  mechan- 
ical forces  within  the  mass  of  current  rings,  and  its 
maintenance  depends  on  each  contributing  factor 
remaining  constant.  Change  any  one  of  theni  and  the 
balance  is  upset,  the  small  inargin  of  stability  often 
leading  to  a  final  change  in  the  orientation  angle  out 
of  all  proportion  to  the  initiating  cause  of  disturbance. 
In  the  present  paper  we  are  only  directly  concerned 
with  two  of  the  many  possible  modes  of  effecting  a 
change  in  orientation,  but  a  brief  reference  may  be 
made  to  the  contributory  factors  contained  in  the 
principal  torque  ^  s  i  cos  0  and  the  applied  torque 
Hsicosd  due  to  an  extraneous  motive  force.  Begin- 
ning with  the  angle,  although  we  cannot  lay  hold  of 
individual  current  rings  and  turn  them  round  on  their 
pivotal  axes,  it  is  quite  easy  to  jerk  some  of  the  rings 
round  in  a  haphazard  fashion  by  mechanical  shocks 
or  vibration,  and  in  that  way  considerable  changes 
in  6.  and  consequently  in  the  induction,  may  be  brought 
about.  The  same  thing  may  be  done  rather  more 
systematically  by  heat  ;  and  doubtless  in  other  ways. 
Anything,  for  example,  which  effected  a  change  in  the 
geometry  of  the  groups  would  give  a  difierent  value 
to  the  coefficients  g  and  ;'  in  the  group  torque,  and  the 
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change  in  the  group  torque  would  be  accompanied  by 
a  change  in  orientation.  Passing  to  the  next  factor, 
(',  the  apparent  ease  with  which  a  change  in  the  magni- 
tude of  the  molecular  current  might  be  effected  by 
electromagnetic  induction  was  long  regarded  as  a 
formidable  difficulty  in  the  way  of  Ampere's  hypothesis. 
But,  as  Langevin  has  recently  shown,*  it  would  require 
the  application  of  an  enormously  powerful  magnetic 
field — something  of  the  order  100,000  gauss  or  more — 
to  induce  a  change  of  even  one  ten-thousandth  part 
in  the  magnitude  of  the  molecular  current  ;  and  since 
the  maximum  flux  density  in  iron  rarely  exceeds  30,000, 
the  current  with  which  the  iron  molecule  is  endowed 
is,  for  all  practical  purposes,  a  permanent  and  constant 
quantity.  The  same  thing  may  be  said  of  the  next 
factor,  s,  for  it  seems  probable  that  so  long  as  an  atom 
of  iron,  for  example,  preserves  its  character  as  iron, 
the  size  of  the  molecular  circuit,  the  area  s,  must  remain 
constant.  Apart  from  the  effect  of  shocks,  vibration 
and  heat,  these  are  all  matters  of  theoretical  rather 
than  practical  importance. 

There  remains  to  consider  the  two  factors  j3  and 
H.  Since  in  the  presence  of  an  extraneous  motive 
.force  the  whole  flux  densitj^  is  B  =  ^  ±  H,  the  principal 
torque  will,  in  the  general  case,  be  Bsicos^,  and  it 
is  at  once  evident  that  its  value  may  be  changed  either 
by  making  a  change  in  the  magnetic  conductance  (or 
reluctance)  of  the  magnetic  circuit,  or  by  altering  the 
value  of  the  extraneous  motive  force  ;  two  equivalent 
modes  of  changing  the  magnitude  of  the  flux  density 
on  which  the  principal  torque  and  therefore  the  equili- 
brium of  the  current  rings  depends.  The  method  of 
predetermining  the  performance  of  permanent  magnets 
which  is  described  in  the  second  part  of  the  paper, 
rests  on  the  equivalence  of  these  two  modes  of  bringing 
about  a  change  in  orientation  and  flux  density,  and 
we  have  now  to  determine  the  conditions  under  which 
they  wiU  have  precisely  the  same  effect. 

(17)  The  Magnetic  Circuit  and  Ohm's  Law. 

The  two  modes  of  changing  the  flux  in  a  magnetic 
circuit  correspond  to  the  alternative  ways  of  altering 
the  current  in  an  electric  circuit  bv  changing  the  resist- 
ance, or  by  making  an  addition  to  the  electromotive 
force,  and  it  will  be  useful  to  consider  first  the  more 
familiar  case  of  the  electric  circuit.     The  nearest  electric 
analogy  to  the  circuit  of  an  ideal  permanent  magnet   , 
maintaining   a   magnetic   flux   in   external   space,    is   a 
battery   maintaining   a   current   in   an   external   resist-   j 
ance  ;    the  point  of  difference  to  be  noted  here  being 
that  the  inherent  motive   force  of  the   magnet   varies 
with  the  flux,  whereas  the  motive  force  of  the  battery    t 
is  substantially  constant.     Let  us  take  the  case  of  two 
identical    batteries    each    generating    an    electromotive 
force    E    and    each    having    a    resistance    R.     In    their 
initial  condition   we   shall  imagine   them   to   be  short- 
circuited,   so  that  in  each  circuit  the  current  will  be 
Ij  =E/R.    It  wiU  be  convenient  to  refer  to  this  state 
of  things  as  the  self-absorbed  condition,   the  whole  of   ; 
the  generated  motive  force  being  expended  inside  the   [ 

"  Journal  de  Phyiiijite.  1905.    A   translation  appeared  in  the  Electrician, 
Xos.  56,  108  and  141,  11/35.  i 


battery  in  maintaining  the  current  Ij,  in  the  resistance 
R  ;  the  product  Ij  R  being  the  measure  of  the  expendi- 
ture of  motive  force  in  an  inert  resistance. 

Now  let  an  external  inert  resistance  )•  be  added  to 
the  circuit  of  the  first  battery,  converting  it  into  what 
may  be  called  an  extended  circuit.  The  instantaneous 
effect  of  the  increased  resistance  of  the  circuit  is  a 
diminution  in  the  current  and  a  consequent  decrease 
in  the  expenditure  of  motive  force  in  maintaining  the 
diminished  current  in  the  original  resistance  R.  Hence, 
after  providing  for  the  lessened  expenditure  out  of 
the  constant  electromotive  force  E,  there  is  a  surplus 
motive  force  a\ailable  for  use  elsewhere  in  the  extended 
circuit,  and  equilibrium  between  the  generation  and 
expenditure  of  motive  force  is  restored  when  the 
current  has  fallen  to  a  value  which,  in  effect,  sets  free 
a  surplus  motive  force  just  sufficient  to  maintain  the 
diminished  current  in  the  external  resistance  r.  De- 
noting the  final  value  of  the  diminished  current  by 
I2  we  have  I,  =  E  /{R  -|-  »•)  or,  if  we  put  generated  motive 
force  on  one  side  and  expenditure  on  the  other, 
E  =  I2  R  -f  I2  r.  The  surplus  motive  force  is  numerically 
equal  to  E  —  L  R  of  course,  and  denoting  it  by  V  we 
have  V  =  I,r,  so  that  E  =  l2R-}-V.  The  portion  of 
the  generated  motive  force  denoted  by  V  is  commonly 
referred  to  as  the  terminal  potential  difference,  bur 
the  idea  of  a  surplus  motive  force  will  be  found  to  lend 
itself  better  to  the  case  of  the  permanent  magnet. 

Taking  the  case  of  the  second  battery,  we  may 
imagine  the  current  to  be  diminished  by  inserting  an 
opposing  electromotive  force  e  in  the  circuit,  which 
remains  in  the  self-absorbed  condition.  Denoting  the 
diminished  current  by  Ij  we  have  I^  =  (E  —  e)  /  R  or, 
if  generated  motive  forces  are  put  on  one  side  and 
expenditure  on  the  other,  E  —  e  =  L  R,  from  which 
E  =  Ij  R  +  f .  Comparing  the  final  state  of  the  two 
circuits  we  have  : 


In  the  extended  circuit        E  =  I2  R  -}-  V 
In  the  self-absorbed  circuit  E  =  I,  R  -f  ? 


(6) 


Hence  to  bring  about  the  same  change  in  current  in 
the  two  circuits,  namely  from  Ij  to  I^,  by  the  alter- 
native modes,  the  condition  to  be  fulfilled  is  that  the 
opposing  motive  force  applied  to  the  self-absorbed 
circuit  must  be  numerically  equal  to  the  surplus  motive 
force  set  free  in  the  extended  circuit ;  V  and  e  being 
of  course  opposite  in  sign. 

The  statement  just  made  is  equally  true  for  complete 
magnetic  circuits  or  flux  tubes,  whether  they  include 
a  magnetizable  material  like  iron  or  not  ;  because  on 
the  assumption  underlying  Ampere's  hypothesis  there 
is  only  one  magnetic  medium  to  be  reckoned  with 
and  in  that  medium  there  is  strict  proportionality 
between  cause  and  effect,  motive  force  and  flux.  The 
complexity  introduced  by  the  presence  of  a  magnetic 
substance  like  iron  has  nothing  to  do  with  conducting 
power,  the  magnetic  conducting  power  of  iron  in  no 
way  difl'ering  from  that  of  air  or  empty  space.  In 
short,  on  the  hypothesis  of  molecular  currents  and  one 
universal  magnetic  medium,  the  word  permeability,  in 
so  far  as  it  implies  the  existence  of  magnetic  media 
of   different    degrees    of   conducting    power,    ceases    to 
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have  any  meaning.*  Nevertheless  the  complexity  is 
there,  but  it  is  to  be  attributed  to  a  different  cause. 
It  arises  solely  from  the  intricate  conditions  of  equili- 
brium among  the  oriented  magnetic  molecules  which 
constitute  the  motive  force  inherent  in  the  iron  ;  and 
once  that  equilibrium  has  been  established,  giving  the 
iron  a  definite  inherent  motive  force  per  unit  length, 
the  numerical  relation  between  magnetomotive  force 
and  flux  in  a  perfect  magnetic  circuit  is  as  simple  and 
direct  as  that  of  electromotive  force  and  current  in 
an  electric  circuit.  Hence  the  comparison  we  have 
made  between  extended  and  self-absorbed  electric 
circuits  will  hold  good  for  magnetic  circuits.  There 
will  therefore  be  the  same  numerical  equahty  between 
the  surplus  motive  force  in  an  extended  magnetic 
circuit  and  the  negative  motive  force  applied  to  a 
self-absorbed  magnetic  circuit  (for  the  same  change 
of  flux  densitj-)  as  there  is  in  the  analogous  but  simpler 
case  of  electric  circuits.  The  example  given  in  the 
next  section  will  make  this  clear  and  at  the  same 
time  provide  the  basis  for  the  predetermination  of 
permanent  magnets. 


(i8)  Surplus  Motive  Force. 

Suppose  we  have  two  complete  magnetic  circuits  I 
and  II,  each  in  the  form  of  a  ring  of  steel  of  uniform 
sectional  area.  It  will  be  assumed  that  the  quality 
and  condition  of  the  steel  is  identically  the  same  in 
the  two  circuits,  so  that  the  product  s;N,  the  degree 
of  concentration  in  groups,  and  the  facilities  for  estab- 
lishing tribal  conditions  with  transverse  induction, 
are  the  same  in  both  cases.  It  is  not  necessary  to 
assume  identical  dimensions  and  we  shall  suppose  the 
length  and  sectional  area  of  circuit  I  to  be  L  and  A 
respectively,  and  the  corresponding  dimensions  of 
circuit  II  to  be  /  and  a.  The  reluctance  of  the  first 
steel  ring  may  be  denoted  by  R,  and  that  of  the  second 
by  p  ;  and  since  the  medium  inside  the  steel  is  assumed 
to  be  the  universal  magnetic  medium  of  space,  for 
which  the  conducting  power  is  unity  in  its  c.g.s.' 
magnetic  system,  we  shall  have  R  =  L/A  and  p  =//«. 
To  secure  identity  as  regards  their  initial  condition, 
we  may  imagine  each  ring  of  steel  to  have  been  fully 
magnetized  and  then  allowed  to  settle  down  into  the 
condition  of  stable  equilibrium  in  which  the  induction 
in  the  X  direction  has  its  maximum  remanent  value, 
there  being  no  extraneous  motive  force  in  action.  In 
this  state  the  orientation,  inherent  motive  force,  and 
induction  may  be  denoted  by  Or,  F„  and  ^, ;  the  flux 
in  circuit  I  will  be  ^,A  =  F,L/  R,  and  that  in  circuit  II 
will  be  ^,a  =  F,llp. 

Now  imagine  the  steel  ring  which  forms  circuit  I 
to  be  severed  at  a  cross  section  ;  and  that  the  severed 
ends  are  drawn  apart  so  as  to  lengthen  or  extend  the 
circuit  by  the  addition  of  an  air  space,  which  since 
it  contains  no  motive  force  constitutes  an  inert  I'eluct- 
ance.     Denoting  the  reluctance  of  the  air  space  by  r, 

'  'k''  ^<?'^^  "permeability  "  in  tliis  connection  was  introduced  some  60  vears 
JRO   Dy   W.  Tliomson  (Lord    Kelvin).     Less   happily   chosen  than   Faradav's 

mduction.  it  suggests  that  magnetism  is  forced  through  a  piece  of  iron 'in 
much  the  same  way  as  water  under  hydraulic  pressure  goes  through  a  per- 
!!!it?.j  X     '^^  sandstone,  and  its   continued  use  has  rather  tended  to 

withdraw  attention  from  the  essence  of  the  phenomena 


the  instantaneous  effect  of  the  increase  in  the  reluct- 
ance of  the  circuit  will  be  to  diminish  the  flux  from 
^,A  =  F,L/R  to  j3A=F,L/{R-)->').  The  balance  of 
torques  having  been  upset  in  this  way,  the  current  rings 
will  begin  to  turn  round  on  their  pivotal  axes  in  a  nega- 
tive sense,  reducing  d  and  consequently  decreasing  the 
motive  force  and  bringing  about  a  further  diminution 
in  flux.  The  deflectional  movements  among  the  cur- 
rent rings,  initiated  in  this  way,  are  of  course  accom- 
panied by  a  gradual  change  in  the  group  torque,  and 
ultimately  the  change  in  the  orientation  angle  will 
cease  at  some  angle  6i  (less  that  dr)  at  which  equili- 
brium with  the  group  torque  will  have  been  re-estab- 
lished. Denoting  the  motive  force  and  induction  by 
Fj  and  ^,,  the  flux  in  the  extended  circuit  in  the  final 
state  of  equilibrium  will  be  j8i  A  =  FiL/(R -f  >"),  or 
putting  total  generated  motive  force  on  one  side  and 
expenditure  on  the  other,  FjL  =j3i AR +j8i Ac.  We 
may  imagine  the  generated  motive  force  to  consist  of 
two  parts,  /iL  and  <^,L,  of  which  /jL  is  the  motive 
force  required  to  maintain  the  flux  inside  the  steel, 
and  <pi  L  is  therefore  the  surplus  motive  force  which 
is  expended  in  maintaining  the  flux  in  the  external 
reluctance  r.  We  shall  then  have  /,  L  =  ^j  A  R  and 
4>ih=PiAr,  from  which  /,  =^,  (A/L)  R  =j8i,  and 
<f>i  =^iA)'/L.  The  quantity /i  is  the  motive  force  per 
cm.  of  steel  which  is  utilized  inside  the  steel  and  is, 
of  course,  numerically  equal  to  the  induction.  The 
quantity  (f)^  is  the  surplus  motive  force  per  cm.  of 
steel,  which,  not  being  used  inside  the  steel,  becomes 
available  for  use  outside  and  is  actually  expended  in 
the  external  inert  reluctance.  We  may  now  write  the 
equation  of  motive  forces  per  cm.  in  the  first  circuit 
in  the  form  Fj  =/j  +  <^,,  or  since /j  is  numerically  equal 
to    j3i,   we   shall   have   the   numerical   relation  : 

F,=^,  +  i>, (7) 

• 

Now  consider  the  case  of  the  second  circuit  of  steel 
in  which  the  induction  is  to  be  reduced  by  an  extraneous 
motive  force  applied  in  the  negative  direction,  the 
circuit  remaining  in  the  self-absorbed  state.  For  this 
purpose  we  may  imagine  a  coil  to  be  wound  uniformly 
round  the  steel  ring  so  that  a  current  in  the  coil  will 
create  a  uniform  extraneous  motive  force.  Denoting 
the  extraneous  force  per  cm.  by  H,  the  instantaneous 
effect  of  its  application  will  be  to  diminish  the  motive 
force  acting  in  the  circuit  from  F,/  to  (F,  —  H)/.  The 
instantaneous  decrease  in  the  induction  and  principal 
positive  torque  will  initiate  turning  movements  among 
the  current  rings  in  precisely  the  same  way  as  the 
decrease  in  induction  caused  by  adding  reluctance  to 
the  first  circuit,  and  the  induction  will  continue  to 
fall  in  value  until  equilibrium  is  ultimately  re-established 
by  the  concurrent  change  in  the  group  torque.  The 
orientation  angle  and  motive  force  in  circuit  II  in  the 
final  state  of  equilibrium  may  be  denoted  by  62  and  F; 
respectively.  The  flux  in  the  final  state  is  not  created 
solely  by  the  inherent  motive  force,  and  to  mark  the 
distinction  the  final  flux  density  may  be  denoted  by 
B,  which  is  arithmetically  the  same  thing  as  the  differ- 
ence ^2  —  H.  The  flux  in  the  self-absorbed  circuit 
will  now   be   Ba  =  (F2— H)//p  and,  since  p  =  lla,  this 
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reduces  to  the  simple  form  B  =F2  —  H,  so  that  in  the 
case  of  the  self-absorbed  circuit  we  have  : 


B  +  H 


(8) 


In   their  final   states   of   equilibrium,    therefore,    the 
two  magnetic  circuits  compare  as  follows  : 


In  the  extended  circuit       Fj  =  ^,  +  ^i  ) 
In  the  self-absorbed  circuit  Fj  =  B  -}-  H      f 


(9) 


This  comparison  is  on  all  fours  with  that  already  made 
[see  Formula  (6)]  between  two  electric  circuits  under 
similar  conditions,  remembering  that  in  the  electric 
case  we  were  deahng  with  total  motive  forces,  whereas 
in  the  case  of  magnetic  circuits  the  corresponding 
quantities   are   motive   forces   per   cm.   of  steel. 

Now  suppose  the  magnitude  of  H  has  been  so  chosen 
that  in  the  final  state  of  the  two  circuits  the  flux 
density  B  in  the  second  circuit  is  equal  to  the  induction 
^i  in  the  first  circuit.  The  initial  states  having  been 
identical  and  the  sequence  of  change  ahke  in  both 
circuits,  resulting  in  flux  densities  of  the  same  value 
and  consequently  identical  values  for  the  principal 
torque,  there  will  be  equality  between  the  remaining 
dependent  quantities,  and  hence  when  B  has  been 
made  equal  to  ^j  by  giving  H  the  appropriate  value, 
we  shall  have  62  =  9i,  and  consequently  F^  will  be  equal 
to  Fj.  Hence  the  equation  for  the  self-absorbed  circuit, 
namely  F2  =  B  -f-  H,  becomes  Fi  =  ^j  +  H^,  where  H2 
stands  for  the  particular  value  of  H  which  makes  the 
final  flux  densities  equal. 

We  find,  then,  that  when  the  flux  density  in  the 
two  circuits  has  been  reduced  from  the  same  initial 
value  to  the  same  final  value  by  the  two  modes  of  effect- 
ing the  change,  the  comparison  between  the  magnetic 
circuits  in  their  final  condition  of  equilibrium  becomes  : 

For  the  extended  circuit  Fj  =  j8i  -r  ^i  I 

For  the  self-absorbed  circuit  Fi  =  ^j  -|-  H,  j  "    ^     ' 

and  hence,  numerically, 

4>.  =  »2 (II) 

Notwithstanding  the  compUcated  conditions  of  equili- 
brium in  a  mass  of  current  rings  the  ultimate  relation 
between  the  two  magnetic  circuits  is  precisely  analogous 
to  that  of  the  e.xtended  and  self-absorbed  electric 
circuits,  and  for  equivalence  of  change  in  the  magnetic 
case  the  condition  is  that  the  positive  surplus  motive 
force  per  cm.  of  steel  in  the  extended  circuit  shall  be 
numerically  equal  to  the  negative  extraneous  motive 
force,  per  cm.  of  steel,  applied  to  the  self-absorbed 
circuit. 

In  the  foregoing  demonstration  of  the  numerical 
equality  of  </>i  and  H^,  we  have  endeavoured  to  trace 
the  reason  for  that  equality  to  its  origin  in  the  equili- 
brium of  current  rings  and  to  form  some  sort  of  mental 
picture  of  the  actions  on  which  equivalence  of  efiect 
ultimately  depends.  A  proof,  much  more  compact  to 
the  eye,  may  be  obtained  by  importing  the  mathe- 
matical conception  of  potential,  provided  we  are  con- 
tent to  ignore  what  is  going  on  inside  the  steel. 


(19)  Molecular  Currents,  Equivalent  Current 
AND  Intensity  of  Magnetization. 
The  effective  motive  force  of  a  mass  of  current  rings 
does  not  differ  in  its  nature  from  that  of  a  current 
flowing  in  a  coil,  and  a  useful  comparison  may  be 
made  between  two  magnetic  circuits  of  identical  dimen- 
sions and  therefore  identical  reluctance,  which  differ 
solely  in  the  origin  of  their  magnetomotive  force  ; 
one  having  the  inherent  motive  force  of  some  magnetic 
substance,  and  the  other  the  extraneous  motive  force 
applied  by  a  coil.  By  way  of  example  we  will  take 
a  closed  ring  of  iron  to  represent  the  first  case,  and 
a  closed  ring  of  wood  (or  some  inert  substance  of  the 
kind)  wound  with  a  uniformly  spaced  coil  of  wire  to 
represent  the  second.  For  simplicity  we  shall  suppose 
the  coil  to  have  one  turn  per  cm.,  so  that  the  extraneous 
motive  force  will  be  477!  per  cm.  In  the  iron  circuit 
the  inherent  motive  force  when  the  current  rings  are 
oriented  to  angle  9  will  be  Fg  =  477s  iN  sin  ^.  If  the 
current  in  the  coil  is  so  adjusted  as  to  make  the  flux 
density  in  the  wooden  ring  equal  to  that  in  the  iron 
ring  we  shall  have  4771^  =  477s!  Nsin  9,  where  Ig 
denotes  the  adjusted  current.     Hence  : 

ly  =5!Nsin  ^        (12) 

The  magnetic  medium  being  assumed  to  be  the 
same  in  both  circuits,  and  the  dimensions  being  iden- 
tical, when  the  motive  forces  have  been  made  equal 
by  adjusting  the  current,  the  flux  in  the  wooden  ring 
will  be  equal  to  that  in  the  iron  ring.  The  adjusted 
current  is  therefore  equivalent  in  effect  to  the  aggre- 
gate molecular  current  in  the  oriented  iron  and  we 
may  define  Ig  as  the  "  equivalent  current "  of  a  magnetic 
material  oriented  to  angle   9. 

WTien  the  magnetic  material  is  magnetized  to  the 
utmost  extent  so  that  9  is  as  nearly  as  may  be  90* 
and  sin  9  becomes  unity,  the  inherent  motive  force 
attains  its  maximum  value,  namely  siH.  Denoting 
the  equivalent  current  corresponding  with  this  state 
of  things  by  I„  we  have  : 

l„  =  siN (13) 

and  I„  may  be  referred  to  as  the  maximum  equivalent 
current. 

The  product  si  is  the  area  of  a  circuit  into  the  cur- 
rent, a  quantity  which  is  defined  as  the  magnetic 
moment  of  the  circuit,  because  that  is  the  turning 
moment  or  torque  which  it  would  experience  if  placed 
in  a  magnetic  field  of  unit  strength  with  the  plane 
of  the  circuit  parallel  with  the  direction  of  the  field. 
The  magnetic  moment  of  each  current  ring  is  there- 
fore si,  and  since  N  is  the  number  of  current  rings 
in  a  cubic  cm.  the  quantity  5JN  is  the  aggregate  mag- 
netic moment  of  the  mass  of  completely  oriented 
current  rings  contained  in  a  cubic  cm.  But  magnetic 
moment  per  cubic  cm.  is  the  quantity  known  as  "  in- 
tensity of  magnetization,"  and  hence  if  we  denote 
the  maximum  intensity  bj'  J„  we  shall  have  J,„  =  s  z  N 
for  any  magnetizable  material  magnetized  to  the  utmost 
extent.     We  find  therefore  that : 


Maximum  equivalent  current 


I«  =  5JN 


Maximum  intensity  of  magnetization  J„  =  i  i  N  I     * 


(14) 
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I  "  Equivalent  current"  and  "  intensity  of  magnetiza- 
tion "  are  therefore  merely  two  ways  of  expressing 
the  same  quantity,  namely  the  aggregate  effective 
molecular  current  in  a  cubic  cm.,  of  any  magnetizable 
substance  in  an  oriented  state.  Like  so  many  other 
terms  in  magnetism,  intensity  of  magnetization  has 
its  roots  in  imaginary  magnetic  matter.  By  stating 
the  quantity  it  stands  for  in  terms  of  an  electric 
current,  we  bring  it  into  line  with  Ampere's  hypothesis 
and  obtain  a  direct  comparison  between  quantities 
of  the  same  kind,  the  current  in  the  molecules  and 
the  particular  current  in  the  hypothetical  coil  which 
would   have   the   same   magnetic   effect.* 

(20)  The  Maximum  Equivalent  Current  in  Iron 
Accounted  for  by  Electrons  Moving  in 
Atomic  Orbits. 
Ewing  has  demonstrated  by  means  of  his  "  isthmus 
method  "  that  the  induction  created  by  the  inherent  I 
magnetomotive  forces  of  iron  cannot  be  increased  j 
beyond  a  maximum  of  about  21,500  lines  per  square  ' 
cm.  no  matter  how  powerful  the  applied  orienting 
torque  may  be.f  The  maximum  induction  is  numeri- 
cally equal  to  the  maximum  inherent  motive  force 
per  cm.,  namely  477s!  N;  or  477l„,,  since  s  JN  is  the 
maximum  equivalent  current.'  Hence  in  iron  4  77l,„ 
=  21,500,  and  the  experimental  value  of  I,„  is  therefore 
21,500/4  77  or  about  1,700.  That  is  to  say  the  maximum 
equivalent  current  in  iron  is  about  1,700  c.g.s.  magnetic 
units,  or  17,000  amperes,  per  cm.  of  length  measured 
in  the  direction  of  the  induction.  This  figure  has 
been  confirmed  by  Du  Bois,  who  used  a  method  of 
measurement  depending  on  the  rotation  of  polarized 
light  by  a  magnetic  field.  Stated  in  familiar  terms 
the  natural  magnetizing  coils  inside  iron,  when  com- 
pletely oriented,  provide  a  magnetizing  force  of  17,000 
ampere-turns  per  cm.,  a  figure  which  enables  us  to  realize 
the  enormous  naagnetomotive  force  which  Nature  gives 
us  ready  made  in  every  piece  of  iron. 

The  question  naturally  arises  whether  such  a  figure 
as  that  just  given  for  the  maximum  equivalent  current 
in  iron  is  compatible  with  what  is  known  or  conjectured 
about  electronic  atoms  ;  whether  any  reasonably  prob- 
able number  of  electrons  per  molecule  moving  at  any 
likely  speed  in  orbits  of  atomic  dimensions,  and  con- 
stituting Ampere's  molecular  current,  would  in  the 
aggregate  be  equivalent  to  17,000  amperes  per  cm. 
At  this  point  therefore  it  will  be  useful  to  make  some 
sort  of  tentative  comparison  between  the  two,  although 
it  can  be  Uttle  more  than  a  guess  at  the  size  of  orbit 
and  the  electron  velocity  which  would  account  for  the 
observed  magnitude  of  the  equivalent   current. 

The  equation  to  be  solved  is  si  N  =  17,000  amperes. 
If  an  electron  makes  «  revolutions  per  second  round 
its  orbit,  it  is  equivalent  to  a  current  en,  where  e  is  the 
electron  charge  ;  and  if  there  are  ,v  electrons  per  molecule 
revolving  in  the  same  direction,  the  current  per  mole- 

'  In  early  days  when  physicists  occupied  so  much  of  their  time  in  nie.asurinj; 
the  horizontal  component  of  the  earth's  magnetic  lield  by  means  of  a  per- 
manent magnet,  "magnetic  moment"  was  naturally  the  most  important 
quantity  belonging  to  a  magnet.  But  in  tlie  industrial  applications  of 
permanent  magnetism,  magnetic  momenl  is  of  little  or  no  importance,  because 
the  turning  moment  exerted  on  a  magnet  bv  a  magnetic  field  does  not  usually 
tell  us  what  we  want  to  know, 

t  EwixG,  loc.  cit..  Chap.  VII. 


cule  will  be  ;  =  enx.  The  equation  therefore  becomes 
sciixN  =  17,000  amperes.  We  may  take  Millikan's 
value  for  e,  namely  4-77/10'°  electrostatic  units,  and 
since  there  are  3  x  io9  electrostatic  units  in  a  coulomb 
we  shall  have  f  =  i  -6/  io'9  coulombs.  N  is  the  number 
of  magnetic  molecules  in  a  cubic  cm.  of  iron,  and  if 
we  assume  all  the  molecules  to  be  of  the  magnetic 
type,  N  may  be  deduced  from  what  is  sometimes  called 
the  "  diameter  "  of  a  molecule,  by  which  is  meant 
the  diameter  of  the  space  monopolized  by  the  molecule. 
Judging  from  experiments  on  gases  the  average  distance 
between  the  centres  of  contiguous  molecules  in  a  solid 
body  is  about  3/10*  cm.,  a  dimension  which  may  be 
denoted  by  d.  The  number  of  molecules  per  cubic  cm. 
will  be  i/rf3_  that  is  to  say  the  reciprocal  of  27/10-+, 
so  that  N  is  about  37  x  10^'.  It  does  not  appear  that 
any  definite  conclusion  has  been  reached  as  to  the 
actual  number  of  electrons  in  an  atom,  although  it 
is  known  to  be  proportional,  or  nearly  so,  to  the  atomic 
weight  of  the  substance.  'We  shall  proceed  on  the 
assumption  that  the  number  cannot  be  less  than  half 
the  atomic  weight,  and  taking  the  atomic  weight  of 
iron  as  56  the  iron  atom  will  contain  not  less  than  28 
electrons  and  for  the  molecule  of  two  atoms  we  shall 
have  X  =  56.  It  is  only  possible  to  make  a  guess  at 
the  area  of  the  average  electron  orbit.*  Obviously  its 
diameter  must  be  less  than  d,  the  distance  between 
the  centres  of  contiguous  molecules,  and  it  seems 
probable  that  it  is  small  compared  with  that  distance. 
We  shall  assume  the  diameter  to  be  rf/io  which 
makes  s  =7/10'*  sq.  cm.  Having  assigned  values  to 
all  the  quantities  except  «,  the  equation  becomes 
w  =  17,000/ (sf.rN),   from  which: 

17,000  X  10'*  X  10'' 


7  X   1-6  X  56  X  37  X   10^' 

SO  that  n  is  about  7X  io'5  revolutions  per  second.  The 
assumption  that  the  radius  of  the  orbit  is  about  one- 
tenth  of  3/10*  makes  the  perimeter  about  g/io?  cm. 
Hence  the  electrons  would  have  a  velocity  of  the  order 
7Xio'5x9/io9  or  6x10''  cm.  per  second;  a  speed 
which  agrees  well  enough  with  what  is  known  about 
electronic  velocities,  being  several  hundred  times  less 
than  the  velocity  of  light. 

The  object  of  a  comparison  of  this  kind,  founded  on 
conjectural  values,  is  to  give  some  kind  of  sense  of 
proportion.  However  precarious  the  data  may  be, 
it  is  sufficient  for  our  present  purpose  to  know  that 
the  electrons  present  in  each  molecule  of  iron,  moving 
in  orbits  of  atomic  dimensions,  at  a  speed  well  within 
the  region  of  electronic  velocities,  will  fully  account 
for  the  magnetomotive  force  inherent  in  iron,  deduced 
from  the  observed  value  of  the  maximum  equivalent 
current;  namely  17,000  amperes  per  cm.  Enough  is 
already  known,  then,  to  convert  Ampere's  happy 
guess  at  a  molecular  current  into  a  reality,  and  with 
more  precise  knowledge  of  the  electron  and  the  atom 

*  For  an  estimate  of  the  size  of  electron  orbits,  based  on  the  Rutherford 
atom  with  its  nucleus  of  positive  electricity,  thereader  is  referred  to  a  paper  by 
N.  Bohr  (Philosofhical  Magazine.  lulv  1913).  The  same  Number  contams  a 
widely  diilerent  estimate  bv  A.  C.  Cfehore  founded  on  the  atomic  structure 
propo'sed  by  Sir  J.  J.  Thom'son,  in  which  the  electrons  move  in  orbits  inside 
Uie  positive  electricity  embodied  in  the  atom.  The  size  assumed  in  the  text  is 
of  the  same  order  of  magnitude  as  that  deduced  by  Bohr. 
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the  mere  arithmetic  of  the  matter  cannot  fail  to  come 
right. 

Naturally   a   theory   which   begins   with   an   electron 
running   round   an   atomic   orbit   must   at   the   present 
time     bristle    with    difficulties.     But    the    substantial   j 
truth    of    Ampere's    hypothesis    no    longer    admits    of   ; 
doubt ;    and  with  Ewing's  theory  of  the  interactions   i 
between  the  magnetic  molecules,  amplified  by  tracing   | 
the  stability  of  the   oriented  system    to   local  mutual   j 
induction,   we  are   able  to  follow    the   working  of  the   j 
magnetic  mechanism  inside  a  permanent  magnet.     The   ; 
interplay    of    attractions    and    repulsions    among    the   \ 
elementary    circuits    is,    as    we    have    seen,    an    extra- 
ordinarily   complicated     business    and    much    remains 
obscure  ;    but  at  all  events  we  are  no  longer  groping 
entirely  in  the  dark. 

To  sum  up  the  whole  matter  in  the  words  of  one 
whose  prophetic  \asion  has  been  a  fruitful  source  of 
inspiration  and  discovery  for  half  a  century  :  "  accord- 
ing to  Ampere's  hypothesis  the  properties  of  what  we 
call  magnetized  matter  are  due  to  molecular  currents, 
so  that  it  is  only  when  we  regard  the  substance  in 
large  masses  that  our  theory  of  magnetization  is  applic- 
able, and  if  our  mathematical  methods  are  supposed 
capable  of  taking  into  account  what  goes  on  within 
individual  molecules  thej-  will  discover  nothing  but 
electric  circuits."  * 


PART   II. 

DESIGN  AND  PREDETERMINATION  OF 
PERMANENT  MAGNETS. 

(21)  The    ILiVGNETic    Energy    which    a    Permanent 
Magnet   is    required    to   Maintain. 

Turning  now  from  what  is  going  on  inside  the  magnet, 
a  subject  which  will  always  call  for  the  exercise  of 
imagination,  to  the  useful  effect  outside,  which  must 
be  treated  in  practice  as  a  matter  of  arithmetic,  we 
shall  find  that  the  fundamental  equations  of  the  per- 
manent magnet  can  be  deduced  directly  from  the 
principle  of  equivalence  explained  in  Sections  (17)  and 
(18).  The  negative  portion  of  the  cyclic  cur\-e,  obtained 
in  the  ordinary  way  from  a  sample  of  steel,  gives  the 
relation  between  the  extraneous  motive  force  applied 
in  the  negative  direction  and  the  flux  density,  in  a 
self-absorbed  circuit ;  and  on  the  principle  of  equiv- 
alence, the  negative  force  so  applied  is  numerically  equal 
to  the  surplus  motive  force  which  will  be  available 
for  use  outside  a  magnet  made  from  the  same  kind 
of  steel  as  the  sample. 

The    development    and    application    of   the    working 

equations   will  be   readily   understood   if  the   practical 

end    of   the    problem    is    borne    in    mind.     The    useful 

function  of  a  magnet  is,  in  general  terms,  to  magnetize 

some  piece  of  apparatus  in  which  magnetism  plays  a 

part ;    or  more  precisely,  to  maintain  magnetic  energy 

in  some  particular  space  where  it  is  desired  to  have  a 

magnetic  flux  or  field.     To  do  this  the  magnet  is  called 

*  Clerk  Maxwell  :  "  Electricity  and  Magnet'sm,"  vol.  2.  art.  615.  In  this 
and  many  another  passage.  Maxwell  seems  to  imply  that  mathematical 
methods  and  mental  insight  are  all  one  ;  as  indeed  they  were  to  him 


upon  to  maintain  not  only  the  energy  corresponding 
with  the  flux  we  intend  to  utilize,  but  also  that  corre- 
sponding with  the  leakage  flux  which  unavoidably 
extends   throughout   surrounding   space. 

The  total  quantity  of  energy  which  the  magnet  will 
be  required  to  maintain  is  not  difficult  to  estimate 
when  the  arrangements  and  dimensions  of  the  apparatus; 
to  be  magnetized  have  been  settled.  To  take  a  simple 
case,  let  us  suppose  that  the  magnetic  components  of 
some  piece  of  apparatus  consist  of  two  soft  iron  pole- 
pieces,  such  as  those  shown  in  Fig.  5,  and  that  the 
requirement  is  a  magnetic  field  of  strength  H  in  the 
air-gap  between  their  two  adjacent  sides.  The  magnetic 
energ)'  in  a  unit  volume  of  air  space  where  the  field 
strength  is  H  is  H-/(8  7r),  and  denoting  the  area  of 
the  air  space  by  S  and  the  distance  between  the 
opposite  faces  of  the  pole-pieces,  or  width  of  gap,  by 
g,  the  whole  energy  to  be  maintained  in  the  gap  will 
be  H^S^/(8-jr).     If,  for  simplicity,  we  measure  magnetic 


Air  gap 


Fig.  5. — Typical  apparatus  of  pole-pieces  and  air-gap  ;  to  be 
magnetized  by  a  permanent  magnet. 


energy  in  small  units  of  which  Stt,  or  about  25,  go  to 
the  erg,  then  the  useful  energy  will  be  H-Sg'  wliich 
may  be  written  HS.H^.  But  H  S  is  the  total  flux 
in  the  gap  and  H^  is  the  magnetomotive  force  or 
magnetic  potential  difference  required  to  maintain  it. 
Hence,  if  the  useful  flux  is  denoted  by  B„  and  the 
potential  difference  by  V  we  shall  have  H  S  =  B„  and 
Hg'^^y,  and  the  useful  energy  to  be  maintained  will 
be  B„V. 

The  energy  maintained  in  the  gap,  or  in  any  other 
space,  may  of  course  be  expressed  in  terms  of  either 
reluctance  or  magnetic  conductance.  It  will  be  con- 
venient in  most  cases  to  use  the  latter  term,  because 
the  flux  in  any  apparatus  traverses  paths  which  are, 
more  often  than  not,  in  parallel,  and  the  arithmetic 
of  the  problem  is  much  facihtated  when  leakage  paths 
may  be  combined  by  simple  addition.  If  the  con- 
ductance of  the  air-gap  is  denoted  by  Jc^  we  shall 
have  B„  =  i-„V,  and  similarly,  if  I'p  denotes  the  sum 
of  the  conductances  of  all  leakage  paths  extending- 
through  surrounding  space  from  one  pole-piece  to  the 
other,  the  total  leakage  flux  will  be  A-^V.  Here  and 
elsewhere   the   assumption   is   made   that   the   surfaces 
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of  the  pole-pieces  may  be  treated  as  equipotential 
surfaces  ;  so  that  the  potential  difference  is  the  same 
for  all  leakage  paths.  This  is  justified  in  practice, 
provided  the  flux  density  in  the  pole-pieces  does  not 
exceed  a  few  thousand  lines  ;  because  so  long  as  the 
density  in  them  is  less  than  the  remanence  value  for 
the  material  of  which  they  are  made,  the  natural  motive 
forces  inherent  in  the  pole-pieces  themselves  will  be 
more  than  enough  to  maintain  the  flux  in  them. 
Adding  the  useful  flux  and  leakage  flux,  the  entire 
energy  to  be  maintained  in  the  apparatus  %vill  be 
(B„-f- B^)V  =  BV,  where  B  stands  for  the  total  flux 
which  must  traverse  the  apparatus  in  order  to  provide 
the  required  useful  flux  or  field.  This,  then,  is  the 
estimated  amount  of  the  magnetic  energy  which  the 
proposed  magnet  (indicated  by  dotted  lines  in  Fig.  5) 
will  be  called  on  to  maintain.  To  import  the  con- 
venient phraseology  of  the  analogous  electric  circuit, 
the  magnet  must  deUver  to  the  pole-pieces  a  terminal 
flux  B  at  a  terminal  potential  difference  V  and  the 
product  BV  will  be  the  energy  output  of  the  magnet, 
apart  from  leakage  from  the  surfaces  of  the  magnet 
itself. 

Knowihg  the  two  factcrs  of  the  energy  requirement, 
the  problem  of  the  designer  is  to  find  the  dimensions 
of  a  permanent  magnet  which  will  maintain  the  required 
flux  at  the  estimated  potential  dift'erence.  Apart 
from  leakage  from  the  surfaces  of  the  magnet  the 
solution  of  the  problem  is  of  the  simplest  kind  ;  but 
when  magnet  leakage  is  taken  into  account,  as  it  must 
be  in  all  practical  cases,  the  dimensions  of  the  magnet 
can  only  be  arrived  at  after  one  or  two  approxima- 
tions. The  converse  problem,  the  problem  of  pre- 
determination, or  forecasting  the  output  of  a  magnet, 
that  is  to  say,  the  amount  of  energy  which  a  magnet 
of  given  dimensions  will  be  capable  of  maintaining, 
can  always  be  solved  ;  and  it  will  be  found  that  in 
all  ordinary  cases  reasonable  accuracy  of  predetermina- 
tion does  not  require  more  than  rough  estimates  of 
the   conductance   of  leakage   paths. 

The  methods  to  be  adopted  in  estimating  the  total, 
magnetic  requirement  BV  of  any  piece  of  apparatus 
which  is  to  be  magnetized  by  a  permanent  magnet, 
do  not  differ  from  those  in  general  use  for  predeter- 
mining the  flux  and  magnetic  potential  difference 
between  the  poles  of  dynamos  and  motors,  and  they 
will  not  be  entered  on  in  detail.*  We  shall  confine 
ourselves  mainlj-  to  the  problem  of  the  permanent 
magnet  regarded  as  the  source  from  which  the  required 
energy  is  to  be  obtained,  and  in  what  follows  it  will 
be  assumed  that  the  values  of  the  two  factors  B  and 
V  of  the  energy  requirement  are  known. 

(22)  The    Demagnetizatiox    Curve    as    the    Basis 
FOR  Design  and  Predetermination. 

The  first  step  towards  a  forecast  of  the  performance 
of  a  magnet  is  to  obtain  the  demagnetization  curve 
of  the  steel  from  which  the  magnet  is  to  be  made.  It 
will  be  assumed  that  a  hardened  test-piece  has  been 
prepared  from  a  sample  of  the  steel,  fairly  representa- 
tive  of  the   bulk,   and   that,   by  one   or  other  of  the 

•  Several  useful  formulx  for  estimatiag  magnetic  conductrnces  will  be 
tound  in  an  Appendix. 


methods  of  testing  in  common  use,  a  number  of  corre- 
sponding values  of  applied  motive  force  and  flux 
density  have  been  observed  ;  from  which  the  de- 
magnetizing or  negative  portion  of  the  cyclic  B-H 
curve  has  been  drawn.  To  secure  standard  conditions 
in  the  usual  way,  the  required  part  of  the  curve  will 
have  been  obtained  in  the  course  of  carrying  the  test- 
piece  through  a  maximum  cycle,  and  the  negative 
curve  will  therefore  correspond  to  the  conditions  in  a 
magnet  which  has  been  fully  magnetized.  In  this 
way,  the  necessary  identity  in  the  sequence  of  changes 
in  orientation  in  test-piece  and  magnet  is  effectively 
obtained,  without  the  necessity  for  any  precautions 
other  than  those  commonly  observed  in  testing  mag- 
netic materials. 

Naturally,  data  obtained  under  such  conditions 
result  in  a  forecast  of  what  the  magnet  would  do  when 
in  the  fully  magnetized  state.  Magnets  are,  however, 
seldom  used  in   that  condition,  and   the  figures  taken 
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Fig.  6. — Typical  demagnetization  curve  for  tungsten  magnet 
steel.  The  co-ordinates  are  H,  the  extraneously  applied 
motive  force  per  cm.  of  steel,  and  B,  the  flux  density  in 
the  steel.  The  surplus  motive  force,  </>,  is  numerically 
equal  to  H. 

for  the  required  terminal  flux  and  potential  difference 
must  therefore  include  an  allowance  for  the  intended 
difference  between  the  maximum  and  the  working 
strength  of  the  magnet.  The  percentage  reduction  in 
strength  which  it  is  desirable  to  make  depends  on  the 
anticipated  circumstances  of  use,  and  the  amount  to 
be  allowed  for  is  a  matter  for  the  designer  to  settle 
beforehand.  In  what  follows,  therefore,  it  is  the  gross 
energy  requirement  which  is  taken  as  the  basis  for 
both  design  and  predetermination  ;  so  that  when  the 
finished  magnet,  after  being  fully  magnetized,  has  been 
intentionally  reduced  in  strength  by  the  given  per- 
centage, it  will  fulfil  the  actual  net  requirement. 

A  typical  demagnetization  curve  is  shown  in  Fig,  6 
for  hardened  tungsten-carbon  magnet  steel.     The  curve 
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represents  the  relation  between  an  extraneous  motive 
force  H,  applied  in  the  negativ-e  direction,  and  the 
positive  tiux  density  B,  in  a  magnetic  circuit  which 
is  in  what  we  have  referred  to  as  the  self-absorbed 
state  ;  that  is  to  say  the  state  when  the  resultant 
motive  force  (namely,  that  inherent  in  the  oriented 
steel,  less  the  extraneously  apphed  negative  force)  is 
expended  in  maintaining  the  flux  in  the  steel.  Now, 
since  the  function  of  a  magnet  is  to  maintain  a  fiux 
in  some  portion  of  space  outside  the  steel,  the  magnetic 
circuit  of  a  useful  magnet  must  necessarily  be  what 
we  have  defined  as  an  extended  circuit.  Hence,  the 
negative  force  H  corresponding  with  any  flux  density 
B,  at  any  point  w  for  example,  on  the  curve  in  Fig.  6, 
will  be  numerically  equal  to  the  surplus  motive  force 
<f>  created  by  the  steel  at  any  point  inside  the  magnet 
where  the  induction  ^  is  equal  to  B.  The  demagnetiza- 
tion curve  therefore  represents  two  equivalent  laws, 
namely  the  relation  between  H  and  B  in  a  self-absorbed 
circuit,  and  that  between  4>  and  ^  in  the  extended 
circuit  of  a  permanent  magnet.  To  be  pedantically 
correct,  the  ^-i^  curve  should  be  drawn  on  the  right- 
hand  side  of  the  vertical  axis,  surplus  motive  force 
being  a  positive  quantity  ;  but  in  practice  the  magni- 
tude of  <p  at  any  density  is  ascertained  by  reading 
the  value  of  H  at  the  same  density  on  the  B-H 
curve  without  troubling  about  the  difference  in  sign 
between  ^  and  H. 

(23)  The  Fundamental  Equations  for  an  Ideal 
Permanent  Magnet.  Energy  Equation,  and 
Ratio  Equation. 

It  is  customary  to  supply  magnet  steel  in  rolled 
bars,  and  hence  in  practice  the  sectional  area  of  a 
magnet  is  constant  along  its  length.  Leakage  from 
one  limb  of  the  magnet  to  the  other  *  being  unavoid- 
able, a  constant  sectional  area  involves  a  variation 
in  flux  density  from  a  maximum  at  the  "  neutral 
section  "  to  a  minimum  at  the  cn'ds  of  the  magnet. 
Before  dealing  with  the  difficulties  which  arise  from 
varying  density,  the  fundamental  equations  must  be 
derived  from  a  consideration  of  the  simpler  case  of 
ideal  magnets  in  which  the  flux  density  in  the  steel 
is  uniform.  In  an  ideal  magnet  the  limbs  have  a 
gradually  decreasing  sectional  area  from  the  neutral 
section  to  the  ends  ;  and  the  rate  of  decrease  in  area 
being  made  equal  to  the  rate  at  which  the  flux  decreases 
by  reason  of  the  leakage  from  limb  to  limb,  the  flux 
density  in  the  steel  is  uniform.  Magnets  of  this  kind 
utilize  the  steel  to  the  best  advantage,  but  until  it 
becomes  possible  to  make  permanent  magnets  in  the 
form  of  magnet-steel  castings,  so  as  to  permit  the 
sectional  area  to  be  varied  appropriately,  the  magnet 
o^  uniform  density  must  be  regarded  as  an  ideal  type. 

We  shall  begin  by  considering  two  magnets  of  uni- 
form density,  the  first  being  a  bent  magnet  like  that 
shown  in  Fig.  7  and  used  in  conjunction  with  two  pole- 
pieces  for  maintaining  a  magnetic  field  in  an  air-gap. 
The  flux  density  being  uniform,  the  lines  of  induction 

*  It  is  convenient  to  regard  every  magnet,  whatever  its  shape,  as  being 
divided  into  two  limbs,  one  on  each  side  of  that  section  which  forms  the 
magnetic  centre  of  the  magnet.  The  magnetic  centre,  whicli  is  usually  but  not 
invariably  located  at  the  geometric  centre,  is  reierred  to  in  the  text  as  the 
'  neutral  section." 

Vol.  58. 


in  the  steel  will  everywhere  lie  parallel  with  the  mag- 
netic axis  of  the  magnet.  We  may  therefore  regard 
an  ideal  magnet  as  consisting  of  two  parts  having 
distinct  functions  ;  a  central  core  of  uniform  cross 
section  (indicated  by  dotted  lines  in  Fig.  7)  which 
serves  to  carry  the  flux  delivered  to  the  pole-pieces  ; 
and  an  enveloping  tubular  portion  of  gradually  de- 
creasing sectional  area,  which  serves  to  carry  the  leakage 
flux  passing  from  one  limb  to  the  other  ;  the  tubular 
part  enclosing  the  core  and  forming  what  may  be 
called  a  leakage  sleeve.  Since  the  flux  density  is 
uniform,  all  lines  of  induction  are  parallel  with  the 
magnetic  axis  and  no  induction  will  pass  to  and  fro 
between  the  sleeve  and  the  core.  The  two  might 
therefore  b^  separate  pieces  of  steel  without  in  any 
way  affecting  the  behaviour  of  the  magnet. 

Regarding  the  core  and  the  leakage  sleeve  of  the 
magnet  in  Fig.  7  as  entirely  distinct  members,  atten- 
tion may  now  be  concentrated  on  the  core,  which 
forms  a  tube  of  flux  of  uniform  sectional  area  from  one 


^A     and     V  =  ^L  . 


Fig.  7. — Ideal  permanent  magnet  of  uniform  flnx  density ; 
showing  the  central  core  of  uniform  sectional  area, 
carrying  the  useful  flux,  surrounded  by  a  sleeve  carrying 
the  leakage  flux. 

end  of  the  magnet  to  the  other.  Denoting  the  length 
and  sectional  area  of  the  core  by  L  and  A  respectively, 
the  equations  between  the  two  factors  of  the  required 
energy  BV  and  the  dimensions  of  the  magnet  will  be  : 

•     •      (15) 

From  these  two  primitive  equations,. it  is  evident  that 
to  provide  the  required  energy  we  might  choose  at 
random  any  flux  density  ^,  (less  than  the  remanence 
value,  of  course)  arid  by  making  A=B/^i,  the  core 
would  deliver  the  required  terminal  flux.  Also,  if  ^j 
stands  for  the  surplus  motive  force  of  the  steel  when 
the  density  is  jSj  we  have  only  to  make  L  =  V/^j  in  order 
to  provide  the  required  terminal  potential  difference. 
For  example,  by  choosing  a  flux  density  closely  ap- 
proaching the  remanence  value,  the  sectional  area  of 
the  core  will-  have  a  minimum  value ;  but  since  <f> 
would  in  that  case  be  indefinitely  small  (see  Fig.  6) 
the  length  of  the  core  would  be  indefinitely  great. 
At  the  other  end  of  the  range  of  possible  dimensions, 
we  should  find  the  converse  conditions  ;   the  flux  density 

53 
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being  indefinitely  small,  the  area  of  the  core  must  be 
indefinitely  large,  while  the  surplus  force  would  reach 
its  maximum  possible  value  ;  that  is  to  say,  it  would 
approach  the  coercive  force  H<;  in  magnitude.  In 
between  these  extreme  cases  any  number  of  magnet 
cores  might  be  made  on  the  basis  of  the  primitive 
equations,  of  different  proportions  and  containing 
widely  different  volumes  of  steel,  and  each  would  de- 
liver the  required  terminal  flux  at  the  required  terminal 
potential  difference.  Hence,  if  the  volume  of  steel 
used  for  anv  given  requirement  is  a  matter  of  indiffer- 
ence, a  random  choice  of  dimensions  will  serve.*  But 
if  economy  of  steel  is  aimed  at  or,  what  is  often  of  more 
importance,  economy  of  space  occupied  by  the  magnet, 
then  something  more  than  haphazard  desi^i  is  needed  ; 
minimum  volume  of  steel  for  the  given  energy  require- 
ment must  be  the  primary  condition  of  design. 


understood  that  the  steel  has  been  brought  to  the 
given  flux  density  by  extending  the  magnetic  circuit 
so  as  to  cause  some  of  the  inherent  magnetomotive 
force  of  the  steel  to  be  expended  in  the  inert  reluct- 
ance of  external  space. 

Since  L  A  is  the  volume  of  steel  in  the  magnet  core, 
equation   (i6)   may  be  written  in  the  form  : 


Volume  of  steel  in  magnet  core  = 


BV 


(i8) 


from  which  it  is  evident  that  if  our  object  is  to  use 
the  smallest  volume  of  steel  which  will  suffice  to  provide 
for  the  given  energy  requirement,  the  flux  density  must 
be  so  chosen  as  to  give  the  product  ^<f>  the  maximum 
possible  value.  That  such  a  maximum  exists  is  obvious 
from  the  shape  of  the  demagnetization  curve,  and  it 
is  easily  found  bv  reckoning  the  product   j80,  or  what 


Fig.  8. — Typical  demagnetization   curve  for  magnet  steel,  showing  the  derived  curve  of  the  energy  product  li(f>. 
Numbers  on  the  energy  scale  when  multiplied  by  1,000/877  give  the  energy  in  ergs. 


The  necessary  condition  for  economy  of  steel  will  be 
apparent  if  the  two  factors  of  the  energy  requirement 
are  taken  into  account  simultaneously  by  multiplying 
the  two  primitive  equations  (15)  together.  In  this  way 
we  obtain  the  first  of  the  two  fundamental  equations 
of  the   permanent   magnet,   the   Energy   Equation  : 

BV=^^LA (16) 

Here  BV  is  the  amount  of  energy  maintained  in 
external  space  by  a  volume  of  steel  L  A  in  which  the 
flux  density  has  the  value  yS.  For  unit  volume  of 
steel,  or  L  A  =  i  cubic  cm.,  we  shall  have  : 


=  i8<A.     (i; 


External  energy  maintained  by         ) 
I  cubic  cm.  of  steel  at  flux  density  ^  \ 

The  product  j3^  is  therefore  the  available  or  useful 
energy   per    cubic   cm.   of   magnetized    steel  ;     it   being 

•  Tlie  l')n^  survival  ot  rule-of-thunib  design,  or  uo  design  at  all.  is  no  doubt 
partly  owinji  to  the  ease  with  which  the  wrong  ni.-i.iinet  may  be  made  to  answer 
the  purpose.    The  waste  of  steel  has  been  unconscious. 


comes  to  the  same  thing,  B  H,  for  a  number  of  corre- 
sponding co-ordinates  of  the  demagnetization  curve, 
and  plotting  them  as  points  on  a  derived  curve  connect- 
ing betaphi  with  either  ^  or  <f>.*  To  avoid  a  confusion 
of  curves,  it  is  generally  more  convenient  to  plot  jS  4' 
against  j3,  so  that  the  betaphi  curve  may  be  drawn 
on  the  right-hand  side  of  the  density  axis  of  the  de- 
magnetization curve,  as  shown  in  Fig.  8.  In  this  way 
the  particular  value  of  the  flux  density  corresponding 
with  the  maximum  value  of  ^<(>,  that  is  to  say, 
the  "  economic  density,"  is  seen  at  a  glance,  and  the 
corresponding  magnitude  of  the  surplus  motive  force 
is   also   ascertained   at   once   by   inspection. 

Denoting  the  economic  density  by  j8«  and  the  corre- 
sponding surplus  force  by  <f>^,  the  economic  dimensions 

•  The  author  first  began  plotting  fiift  curves  18  years  ago  in  order  to  judge 
the  quality  of  magnet  stt-els  by  maxinmin  value  of  product.  Three  years  later, 
the  product  curve  was  first  applied  in  a  tentative  fashion  to  the  design  of  a 
permanent  magnet.  The  natural  diliiculties  of  the  subject  greatly  retarded 
development,  and  it  is  only  within  the  past  five  years  that  the  m'ethoJ  has 
settled  down  into  a  regular  routine. 
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of  the  magnet  core  can  now  be  determined  by  inserting 
these  particular  values  in  the  primitive  equations. 
Thus  we  shall  have  : 


A.. 


(19) 


B  V 

^    and    Lj  =  J-     .     .     . 

A,  "Lc  being  the  smallest  volume  of  steel,  of  the  quality 
represented  by  the  demagnetization  curve,  which  will 
maintain  the  external  energy  BV. 

Magnets  of  uniform  densitv  being  for  the  present  a 
somewhat  impracticable  form,  the  process  by  which  the 
dimensions  of  the  leakage  sleeve  are  arrived  at  need 
not  be  entered  into  here  in  detail.  It  may  be  men- 
tioned, however,  that  the  outline  of  the  sleeve,  or 
growth  in  its  sectional  area,  may  be  determined  with 
sufficient  accuracy  by  making  step-by-step  additions 
to  the  area,  the  procedure  being  much  the  same  as 
the  double   step-by-step   integration   which  will  be  de- 


mental  equation  of  the  permanent  magnet,  the  Ratio 

Equation  ; 

B      iSA  ft      L     B 

—  =V — ,     or      "=— .— 
V      <^L  <t>      A    V 

The  ratio  B/ V  is  of  course  numerically  the  same  as 
the  total  or  terminal  conductance  of  the  apparatus  ; 
namely  the  sum  of  the  conductances  of  the  air  gap 
and  the  leakage  paths  from  one  pole-piece  to  the 
other.  Denoting  their  sum  by  A-„  +  A-^  and  putting 
B/V=/.-„  — Ap  the  ratio  equation  becomes: 


B      L 


(20) 


this  being  the  most  convenient  form  of  the  equation 
for  the  purpose  of  forecasting  what  a  magnet  will  do. 
For  any  given  magnet  core,  L  and  A  are  known  ;    and 


10,000 


8,000 


S  6,000 


_2  4,000 


2,000 


200 


Ratio  -^    for  upper  part  of  cur\e 

^rtrt  '  ^l\t\  Ct\f\  A/\rt  tf\t\ 


300 


400 


500 


600 


700 


800 


900 


^ 

/ 

Test  pie 

;e  B52.. 

Ti 

/ 

/ 

^ 

^ 

/ 

^, 

^ 

10 


20 


30 


40 


50 


60 


70 


Ratio  ^  for  lower  part   oi   curve 


80 


90 


100 


Fig.  9. — Curve  derived  from  demagnetization  curve,  Fig.  8,  showing  the  relation  between  the  ratio  /3/<^ 

and  the  flu.x  density/?. 


scribed  in  a  later  section.  Assuming  the  correct  outline 
has  been  given  to  the  leakage  sleeve,  the  flu.x  density 
and  surplus  motive  force  will  be  ^e  and  <^,-  in  the  sleeve 
as  in  the  magnet  core,  and  hence  the  magnetic  energy 
in  the  leakage  field  which  extends  from  one  magnet 
limb  to  the  other  will  be  j3«  <t>e  X  volume  of  sleeve.  Add- 
ing this  to  the  useful  energy,  the  total  magnetic  energy 
maintained  by  the  magnet,  in  space  external  to  itself, 
will  be  Be  '^e  X  total  volume  of  magnet.  .Although 
the  relation  between  p(p  and  external  energy  only 
applies  in  this  simple  form  to  ideal  magnets  of  uniform 
flux  density,  the  same  principle  holds  for  ordinary 
magnets  of  uniform  sectional  area  and  varying  flux 
density. 

The  converse  problem  of  predetermining  the  useful 
energy  which  a  magnet  of  given  dimensions  will  main- 
tain in  external  space  must  now  be  considered.  Re- 
turning to  the  primitive  equations  (15),  if  we  divide 
one  by  the  other  we  shall  obtain   the  second   funda- 


for  any  given  piece  of  apparatus  (pole-pieces  or  what 
not)  the  conductances  A„  and  Ip  can  be  estimated. 
All  the  quantities  on  the  right-hand  side  being  known, 
the  ratio  equation  gives  a  particular  ratio  ^j/^i,and  to 
forecast  the  terminal  flux  and  potential  difference  it 
is  only  necessary  to  find  a  point  on  the  ^-dt  curve 
where  the  co-ordinates  stand  in  that  ratio  to  each  other. 
Having  ascertained  the  separate  values  j8i  and  <f>^  in 
this  way,  they  have  only  to  be  inserted  in  the  primitive 
equation  to  determine  the  values  of  terminal  flux  and 
potential  difference  ;   thus  : 


B=^,A    and  V  =  ^,L 


(21) 


In  the  next  section,  it  will  be  seen  that  although 
the  ratio  equation  is  only  strictly  true  for  magnets 
of  uniform  flux  density,  it  may  be  applied  in  a  modified 
form  to  the  case  of  ordinary  magnets  and  provides  a 
ready  means  for  finding  out  approximately  what  any 
magnet  will  do  ;    the  application  of  the  ratio  equation 
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in  many  cases  avoiding  recourse  to  the  more  laborious 
method   of  step-by-step  integration. 

In  making  use  of  the  ratio  equation,  the  task  of 
finding  the  particular  point  on-  the  demagnetization 
curve  where  the  co-ordinates  have  the  required  ratio, 
is  made  easy  by  drawing  a  derived  curve,  like  that 
shown  in  Fig.  g,  connecting  the  ratio  jS/<^  with  the  flux 
density  p.  Data  for  this  second  derived  curve  are 
easily  obtained  by  reckoning  the  value  of  the  ratio 
^l<f>  for  a  number  of  points  on  the  demagnetization 
curve.  It  is  often  useful  to  have  at  hand  a  third 
derived  curve  like  that  given  in  Fig.  lo,  expressing 
the  relation  between  the  ratio  ^l<p  and  the  surplus 
force  <f>,  from  which  the  terminal  potential  difference 
may  be  ascertained  at  once. 

Although  equation  (20)  states  the  ratio  equation 
in    the    form   most   generally   convenient   for   practical 


possible  way.  To  interpret  the  equation  in  a  physical 
sense  j8  must  be  replaced  by/,  the  motive  force  expended 
in  the  steel,  per  cm.,  which  is  numerically  equal  to 
the  induction.  We  than  have  //^  =  R/y,  or  the  ratio 
of  motive  forces  expended  inside  and  outside  the  steel 
is  equal  to  the  ratio  of  internal  and  external  reluctances. 

(24)  Bar    Magnet    of    Uniform    Flux    Density. 
(Ellipsoid  Magnet.) 

Our  second  example  of  a  magnet  of  uniform  flux 
density  is  one  of  an  academic  type,  the  ellipsoid  magnet 
being  of  little  or  no  importance  outside  the  laboratory. 
But  it  will  be  useful  to  consider  it  here,  because  one 
or  two  deductions  of  general  utility  may  be  drawn 
from  it  and  applied  in  practice  to  ordinary  magnets. 

The  shape  to  be  given  to  a  magnet  in  order  to  obtain 


70 


60 


50 


40 


\ 

\ 

\ 

Test] 

)iece  B 

52.  Jl. 

\ 

\ 

\ 

. 

■ 

30 


&  20 


;i  10 


0  100  zoo         300  400  500  600  700  800  900  1,000       IJOO 

Ratio  4- 

Fig.   10. — Curve  derived  from  demagnetization  curve,  Fig.  8,  showing  the  relation  between  the  ratio  •Vcj)  and  the 
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use,  it  will  be  instructive  to  express  it  in  another  way. 
The  quantity  L/ A  is  the  reluctance  of  the  space  occupied 
by  the  magnet  core  ;  in  other  words  it  is  the  reluctance 
of  that  part  of  the  magnetic  circuit  or  flux  tube  which 
contains  the  magnetomotive  force.  Again,  the  terminal 
conductance  A:„  +  kp  is  the  reciprocal  of  the  reluctance 
of  that  part  of  the  magnetic  circuit  which  lies  outside 
the  motive  force  region  ;  that  is  to  say  the  reciprocal 
of  the  inert  reluctance  of  the  space  external  to  the 
magnet  core.  Hence,  denoting  i  /  (A;„  +  kp)  by  r  and 
L  /  A   by   R,   the  ratio   equation   reduces   to  : 


^ 
^ 


R 


(22) 


a  form  which  expresses  the  connection  of  the  ratio 
Pl(f)  with  the  proportions  between  the  two  parts  of 
a  perfect  magnetic  circuit  or  flux  tube  in  the  simplest 


uniform  flux  density  becomes  a  mathematical  problem 
when  the  magnetic  axis  of  the  magnet  is  a  straight 
line  ;  the  general  solution,  founded  on  a  theorem  due 
to  Poisson,  was  obtained  long  ago,  and  is  to  be  found 
in  the  textbooks.*  It  was  derived  from  the  gravitation 
potential  of  a  body  of  the  same  shape  as  the  magnet, 
and  is  therefore  naturally  expressed  in  the  language 
of  imaginary  magnetic  attractive  matter.  To  translate 
the  general  solution  into  teims  of  motive  force,  reluct- 
ance and  flux,  is  unnecessary  for  the  present  purpose, 
and  it  will  conform  better  with  the  ideas  on  which  this 
paper  is  founded  if  we  ascertain  the  shape  which  must 
be  given  the  magnet  in  order  to  secure  uniform  flux 
density,  by  treating  it  as  a  system  of  elementary  mag- 
netic circuits. 

•  See.  for  example,  Clerk  Maxwell's    "  Electricily  and  Magnetism,"  vol.  J, 
arts.  437  and  438. 
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The  hypothetical  magnet  of  unifomi  flux  density  is 
shown  in  section  in  Fig.  ii,  and  on  the  principle  ex- 
plained in  connection  with  the  leakage  sleeve,  the 
sectional  area  will  of  course  be  a  maximum  at  the 
neutral  section,  decreasing  along  each  limb  towards 
the  ends  according  to  some  law  to  be  determined. 
To  simplify  matters  it  will  be  assumed  that  the  cross 
section  is  circular,  so  that  the  problem  will  be  reduced 
to  finding  the  outline  of  the  magnet.  We  shall  assume 
the  steel  to  be  uniformly  magnetized  in  the  X  direction 
as  a  permanent  magnet,  so  that  any  elementary  coaxial 
cylinder  dy  will   constitute  a   hollow   tube  of    flux    in 


Y 


.---V 


X- 


circuit  may  first   be  noticed.     Denoting  the    conduct- 
ance of  the  air  path  by  A'a  we  shall  have 

i-a  =dBl\\=p.2-Tydyl2(l,x. 

which  gives  the  ratio  equation  : 


Fig.   ii. — Ideal  bar  magnet  of  uniform  flux  density  (ellipsoid 
of  circular  section) . 


which  the  density  will  be  /3  and  the  surplus  force  ^. 
The  elementan,-  cyhnder  ends  at  two  corresponding 
zones  dx  and  dx'  at  a  distance  x  on  each  side  of  the 
neutral  section,  so  that  the  length  of  the  cylinder  is 
2  X  and  the  total  surplus  force  available  at  its  ends 
■will  be  2<(>x,  that  being  the  terminal  potential  differ- 
ence Vj  of  the  elementary  magnetic  circuit.  The 
sectional  area  of  the  cylinder  is  znydy,  and  hence 
the  flux  dB  in  the  elementary  circuit  will  be  ^.  znydy. 
The  circuit  is  completed  by  the  air  path  shown  in 
section  a.t  pp  and  forming  a  hollow  shell,  as  it  were, 
symmetrical  about  the  X  axis  ;  the  air  path  beginning 
and  ending  at  the  zonal  surfaces  5s.  The  relations 
between     the    various    quantities    in     the    elementary 


iTTydy 


rJca 


conductance  of  air  path 
conductance  of  path  in   steel 


Again,  the  energy  equation  is  rfB  .\\=p^  .2x .  xny  dy, 
or  in  words,  element  of  energy  =  jS^  x  element  of  volume 
of  magnet,  so  that  on  integrarion  over  the  whole  volume 
we  shall  obtain  : 

Total  external  energy  =  ^<f>  x  volume  of  magnet 

a  relation  which  is  true  of  any  magnet,  or  any  portion 
of  a  magnet,  in  which  the  flux  density  is  uniform. 

To  obtain  the  diSerential  equation  for  the  outline 
of  the  magnet  the  concfuctance  of  the  air  path  pp 
must  be  expressed  as  a  differential.  We  shall  there- 
fore put  la  =qdx,  the  quantity  q,  which  may  be  called 
the  "  conductance  factor,"  is  defined  as  the  leakage 
or  air-path  conductance,  per  cm.  of  zone-width  ;  it 
being  understood  that  width  of  zone  is  measured  in 
a  direction  parallel  with  the  X  axis.     Since 

la  =^2iTydyj  2(j)x 

when  qdx  is  substituted  for  la  the  difterential  equa- 
tion becomes  ; 

^7r.2  vrfy=  —4>q  ■  2xdx 

the  negative  sign  arising  from  the  fact  that  y  necessarily 
decreases  with  increasing  x.  If  q  is  assumed  to  be 
constant  the  integral  is  obviously  : 

^TT  y'  =a  constant  —<f>qx^ 

which  is  the  equation   to  an  ellipse. 

When  X  =o,  y  =  a,  which  is  the  radius  of  the  magnet 
at  the  neutral  section.  Hence  the  integration  constant 
is  B  TT  a^,  and  after  rearrangement  the  equation  for 
the   outline   of   the   magnet   becomes  : 


y^ 


<f>q/  P-rra' 


This  is  of  the  form  : 

y-  ■ 


(c- 


which  is  the  equation  to  the  ellipse  referred  to  the 
centre  as  origin,  2c  and  2<j  being  the  major  and  minor 
axes  respectively.  Hence,  to  fulfil  the  conditions  of 
uniform  density  and  therefore  uniform  surplus  force, 
the  outline  of  the  magnet  must  be  an  ellipse  in  w^hich 
c^  =  ^iTa-l<f>q,  from  which,  on  transposing,  we  obtain 
the  ratio  equation  : 


3 


,qc 


(23) 


cIttu^  being  the  ratio  of  a  length  in  the  steel  to  the 
area  at  the  neutral  section  and  qc  being  the  total 
conductance   of  the   external   paths   from   one   magnet 
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limb  to  the  other.  It  should  be  noticed  that  there 
is  no  central  core  delivering  a  useful  terminal  flux  at 
the  ends  of  the  magnet,  and  the  ellipsoid  is  therefore 
the  limiting  form  assumed  by  an  ideal  bar  magnet 
when  the  area  of  the  central  core  is  zero.  In  short, 
it  may  be  regarded  as  a  leakage  sleeve  which  contains 
no  core,  the  whole  of  the  flux  traversing  an  elHpsoid 
magnet  being  tantamount  to  so  much  leakage. 

(25)  The  Ellipsoid  Magnet  as  a  Single  Magnetic 
Circuit. 

Inspection  of  Fig.  1 1  shows  that  an  ellipsoid  magnet 
consists  of  a  number  of  elementary  cylinders  of  steel, 
each  in  series  with  one  of  an  equal  number  of  elemen- 
tary leakage  paths  in  the  fonn  of  hollow  shells  packed 
one  inside  the  other  ;  the  whole  system  forming  what 
was  referred  to  in  the  introduction  as  a  bundle  of 
magnetic  circuits.  Every  magnet,  no  matter  what  its 
shape,  constitutes  a  similar,  but,  in  general,  a  more 
complicated  bundle  of  circuits  ;  and  the  energy  and 
ratio  equations  which  we  have  shown  to  be  true  for 
the  core  of  an  ideal  magnet  are  applicable  to  each 
elementary  circuit  in  the  bundle.  But  when  the  flux 
density  in  the  steel  is  not  uniform,  it  becomes  necessary 
to  ascertain  the  potential  difference  which  will  be 
available  for  the  inert  reluctance  of  any  elementary 
air  path  in  the  bundle,  by  some  process  of  integration 
of  the  surplus  force  along  that  part  of  the  elementary 
circuit  which  is  occupied  by  steel ;  and  whatever  method 
of  integration  may  be  resorted  to,  the  task  of  fore- 
casting the  available  energy  of  the  magnet  cannot  fail 
to  become  somewhat  laborious. 

The  matter  would  be  much  simplified  if  it  were 
always  possible  to  treat  a  magnet  as  a  single  magnetic 
circuit.  This  may  be  done  in  many  cases  by  sub- 
stituting for  the  actual  magnet  an  equivalent  but 
imaginary  one  which  would  deliver  the  same  flux  at 
the  same  potential  difference.  The  nature  of  the 
substitution  to  be  made  will  be  readily  seen  in  the 
case  of  the  ellipsoid  magnet.  Transposing  equation 
(23)  so  as  to  give  the  total  flu.x  traversing  the  neutral 
section  in  terms  of  the  other  quantities,  we  shall  have  : 


^na^  ='B=<l>c  .qc  =  \  i<pc .qc 


(24) 


but  2<f>c  is  the  total  surplus  motive  force  which  appears 
as  a  potential  difference  V  between  the  ends  of  the 
ellipsoid.  Again  ^c  is  the  total  air  path  conductance 
from  one  limb  of  the  magnet  to  the  other,  a  quantity 
which  may  be  denoted  by  l^.  Hence,  the  equation 
for  the  total  flux  traversing  the  magnet  may  be  written 
B=JVA-c  which  is  arithmetically'  (but  by  no  means 
physically)  the  same  thing  as  B=VJA-c.  So  far  as 
the  flux  B  is  concerned,  this  transf)osition  is  equivalent 
to  saying  that  for  the  real  conductance  /^  on  which 
a  mean  potential  difference  J  V  is  maintained,  we  may 
substitute  a  fictitious  conductance  of  half  the  amount 
and  imagine  it  to  be  connected  (as  though  it  could 
bs  treated  like  an  electric  conductor)  to  the  ends  of  the 
magnet,  where  it  would  be  acted  on  by  the  whole 
potential  difference  \  created  by  the  total  surplus 
motive  force  2'^c.      In  doing  this,   we  shall  be  tacitly 


replacing  the  ellipsoid  by  a  steel  cylinder  of  radius  a 
and  length  2  c  connected  at  its  ends  to  an  inert  con- 
ductance \  he,  so  that  the  imaginary  cylinder  will  be 
traversed  from  end  to  end  by  the  flu.x  B  ;  no  leakage 
taking  place  from  the  cyhndrical  surface. 

The  substitution  by  which  the  real  magnet  is  replaced 
by  an  imaginary  one  with  leakage  paths  concentrated 
into  a  single  conductance  connected  to  the  ends  of  the 
magnet  limbs,  is  an  arithmetical  device  of  the  greatest 
utility  in  dealing  with  ordinary  magnets,  because  it 
enables  the  ratio  equation  (20)  to  be  applied  in  any 
case  in  which  only  a  rough  forecast  of  terminal  flux 
and  potential  difference  is  required. 

Having  made  this  substitution  the  ratio  equation 
becomes  : 

B      L 


(25) 


where  Ic  is  the  estimated  leakage  conductajice  from 
one  limb  of  the  magnet  to  the  other.  It  should  b^ 
noticed,  however,  that  in  ordinary  magnets  the  numerical 
coefficient  is  not  exactly  J  as  it  is  for  the  ellipsoid, 
and  to  be  strictly  correct  the  equivalent  fictitious 
conductance  connected  at  the  ends  of  a  magnet  should 
be  defined  as  being  aAv,  where  a  is  some  fraction  the 
precise  value  of  which  depends  on  the  shape  of  the 
magnet. 

In  the  case  of  the  ellipsoid  no  substitution  of  an 
equivalent  conductance  is  needed,  but  the  artifice  has 
been  introduced  here  because  it  follows  at  once  from 
the  equation  for  the  total  flux  in  an  ellipsoid  magnet. 

(26)  Leakage  Conductance  between  Magnet  Limbs. 

Predetermination  depends,  among  other  things,  on 
our  ability  to  make  reasonably  close  estimates  of  the 
conductance  of  leakage  paths  from  one  limb  of  a  magnet 
to  the  other,  and  hence  what  we  have  called  the  con- 
ductance factor,  the  conductance  per  cm.  of  zone 
width  at  any  pair  of  corresponding  zones  on  the  magnet 
limb,  is  a  quantity  of  great  practical  importance.  In 
general  the  value  of  q  varies,  from  a  minimum  for 
zones  in  the  neighbourhood  of  the  neutral  section  to 
a  maximum  for  the  zones  at  the  ends  of  the  magnet. 
In  the  majority  of  cases  which  occur  in  practice  q 
does  not  vary  widely  between  the  neutral  section  and 
points  about  half-way  along  the  magnet  limbs,  the 
greater  part  of  the  whole  change  in  magnitude  occurring 
in  the  region  between  the  half-way  points  and  the 
ends  of  the  magnet.  In  practice,  therefore,  q  may  be 
treated  as  being  constant  over  the  first  half  length 
of  the  limbs,  and  since  the  potential  difference  between 
the  limbs  within  that  region  is  comparatively  small, 
the  corresponding  leakage  flux  will  always  be  a  small 
proportion  of  the  whole.  Hence,  for  the  first  half  length 
of  any  magnet,  a  roughly-estimated  value  for  q  may 
be  used  without  introducing  a  noticeable  error  in  pre- 
determination. 

In  any  ordinary  magnet  the  conditiors  as  regards 
leakage  paths  in  the  space  round  about  the  neutral 
section,  do  not  differ  much  from  those  round  about 
an  ellipsoid,  or  any  other  bar  magnet,  and  it  may  be 
safely  assumed  that  for  a  region  extending  over  some- 
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thing  like  half  the  length  of  the  magnet  the  conductance 
factor  will  not  be  ver\'  different  from  the  value  of  q 
for  an  ellipsoid  in  which  the  proportion  between  length 
and  diameter  is  the  same.  It  is  therefore  convenient 
in  practice  to  have  at  hand  the  means  of  determining 
q  for  any  ellipsoid  in  terms  of  the  dimension  ratio 
da. 

(27)  Value  of  Conductance   Factor  q  in  Terms  of 
THE   Dimension    Ratio    of   an    Ellipsoid. 

Returning  to  Fig.  11,  it  is  clear  that  the  value  of  17 
depends  on  the  shape  of  the  surfaces  forming  the 
boundaries  of  the  hollow  shell  p  p  which  constitutes 
an  elementan,'  air  path  of  conductance  qdx.  Now 
the  forms  assumed  by  these  surfaces  are  determined 
by  the  stresses  which  we  assume  to  exist  in  the  mag- 
netic medium  as  the  result  of  the  magnetomotive 
forces  of  the  current  rings.  Hence,  to  determine  q 
on  a  geometrical  basis,  it  would  be  necessar\-  at  the 
outset  to  deduce  the  forms  of  the  boundary  surfaces 
from  the  assumed  stresses ;  a  formidable  problem 
which  awaits  solution.  In  the  meantime,  however, 
we  can  find  q  indirectly  by  making  use  of  the  olaer 
theory  which  ignores  the  medium. 

Taking  any  one  of  the  bundle  of  magnetic  circuits 
formed  by  an  ellipsoid  magnet,  let  R  denote  the 
reluctance  of  the  elementary  cylinder  of  steel, 
and  ;'  that  of  the  air  path  in  series  with  it,  so  that 
R  =  2xl 2TTydy  and  r  =  ijqdx.  The  ratio  Kir  will 
therefore  be  q .2xdxlTr.2ydy,  and  since  from  the 
equation  to  the  ellipse  2ydylzxdx  =  a^lc'^  we  shall 
have  : 

1=-'  ■  -T 26 

Denoting  the  motive  force  of  the  steel  by  F  we  have 

(equation  7)  F  =  ^  +  ^,  since  ^  is  numerically  equal  to 

the  motive  force  which  is  expended  in  the  steel.     But 

•  by  equation  (22)  j3/^  =R/»',  oi"  <^  =  jSc/R,  and   hence  : 


r  R 

F=^  +  |S^=i3 


so  that 


^  =  Fr 


R 


R 


Hence 
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R      ^     R 

— ^ =  F 

F-F„-^ 
R  +  >- 


(^-R  +  . 


^  =  47rl- 


47T> 

R- 
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Denoting  the  equivalent  current  in   the  oriented  steel 
bv   I ,  we  have  F  =  4  tt  I  and  hence  : 


positive  and  negative  magnetic  matter  located  at  its 
ends.  Hence  the  induction  is  equal  to47Tj+H— NJ, 
and  when  the  steel  is  in  the  permanently  magnetized 
state  and  the  extraneous  force  H  is  zero,"  the  induction 
becomes  : 

^=477j-NJ       .      .      .      .      {28)* 

Now  as  we  have  seen  (section  19)  intensity  of  mag- 
netization and  equivalent  current  are  merely  two 
names  for  the  same  quantity,  the  aggregate  effective 
current  in  the  mass  of  oriented  current  rings,  and  hence 
comparing  (28)  with  (27)  we  find  : 

N 
=N,     or 


(27)* 


On  the  basis  of  textbook  theory,  in  which  Faraday's 
induction  and  Poisson's  magnetism  are  rather  in- 
congruously mingled,  the  induction  in  the  steel  is 
equal  to  4  tt  J  +  A  where  h  is  the  net  ' '  magnetic 
force "  in  the  steel,  and  J  is  the  intensity  of 
magnetization.  But  A  =  H  —  N  J  where  N  J  is  a  sup- 
posititious magnetic  force  which  would  be  created 
inside   a   piece   of   magnetized    steel    by   the   action   of 
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r 
R^»- 


477 


(29) 


j  that  is  to  say,  N/47T  is  the  proportion  which  the  inert 
reluctance  external  to  the  magnet  bears  to  the  whole 
j  reluctance  of  the  magnetic  circuit. 
}  In  an  ellipsoid  of  circular  cross  section  N  is  a  con- 
I  stant  depending  solely  on  the  dimension  ratio  cja 
\   and  putting  cla=m, 

i         N  =  _JL_  \     ^     7       -^  logjm  +  ^i^iF—C,-  I  }  .t 
I        4-n- 


■  ;n^-i  I  ^/[nl'-  l) 
Inverting  equation   (29)  we  obtain  : 


R 


r      ~  r  N  ' 


R 


''  N 


(30) 


and  substituting  this  equivalent  for  R/rin  equation  (26) 
we  have  finally 

(31) 


and  since  N  depends  only  on  the  dimension  ratio 
cja  the  value  of  q  also  depends  solely  on  the  dimension 
ratio.  A  table  of  values  for  q  in  terms  of  da  is  given 
in  the  Appendix,  and  will  be  found  useful  in  estimating 
leakage  conductance  for  ordinar>'  magnets. 

(28)  Predetermination  of  Ellipsoid  Magnets. 

From  the  ratio  equation  (22)  and  equation  (30)  the 
induction,  total  flux,  and  surplus  force  in  an  ellipsoid 
magnet  of  given  dimensions  may  be  predetermined 
with   accuracy   by   means   of   the   equation  : 


<f> 


R 


47T 


(32) 


the  separate  values  of  j3  and  4>  being  ascertained  from 
curves  derived  from  the  demagnetization  curve  of  the 
steel,   hke   those   shown   in   Fig.   9   and   Fig.    10. 

The  induction  and  surplus  force  having  been  pre- 
dicted  from   the   dimension   ratio   of   the   ellipsoid   and 

*  EQuations  like  (i7)  .ind  (2«)  are  only  statements  of  aritlimetical  fact.  It  is 
Dhvsicallv  impossible  for  an  induction  in  the  negative  direction  to  criexist  m 
one  -md  the  same  place  with  an  induction  in  the  positive  direction  :  although, 
as  a'  matter  of  arithmetical  convenience,  we  may  pretend  they  do  so  and 
subtract  the  negative  from  the  positive  induction.  In  equation  128)  the  terms 
are  regarded  as  mechanical  forces ;  the  forces  which  would  be  exerted  on  the 
supnobititious  unit  pole  if  it  were  there.  The  quantitv  N  J  being  in  the  opposite 
direction  to  the  magnetization,  is  called  the  demagnetizing  force.  Its 
existence  as  a  phvsical  reality  depends  on  the  existence  of  the  magnetic 
attractive  matter  which  alone  can  give  rise  to  it,  but  m.ignetic  matter  which 
was  never  more  than  a  highly  ingenious  mathematic-al  artihce,  has  long  been 
consigned  to  Umbo,  and  hence  at  the  present  day  the  demagnetizing  force 
onlv  survives  as  a  mathematical  ghost. 

t' Clerk'  SUX\vei.i.,  loc.  cit.,  vol.  2,  .irt.  43B. 
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the  demagnetization  curve  of  the  steel,  it  may  easily 
be  shown  that  the  magnetic  moment  of  an  ellipsoid 
magnet  is  : 

M  =  ia^c(p +.<!>) (33) 

Again,  the  external  energy  maintained  by  an  ellipsoid 
magnet  can  be  expressed  in  terms  of  iiux  and  potential 
difference  when  jS  and  <f>  are  known.  For  the  energy 
is  jS0  X  volume  of  magnet,  and  since  the  volume  of 
an  ellipsoid  of  circular  cross  section  is  ^tth'c  the 
external  energy  will  be  jS  ^|  tt  a^  c  =  ^  tt  a^ .  |  2  </>  c . 
But  ^TTa^  is  the  total  flux  in  the  magnet,  and  2<pc 
is  the  potential  difference  between  its  ends.  Hence, 
putting  V(  for  the  end  potential  difference,  we   have  : 


External  energy  of  ellipsoid  magnet  =  j  B  V^ 


(29)  Permanent  Magnet  Diagrams. 


(34) 


In  practice  it  is  often  useful  to  draw  graphs  showing 
the  magnitude  of  the  significant  magnetic  quantities 
and  their  variation  along  the  length  of  a  magnet  ;  or 
along  one  limb,  since  there  is  usually  magnetic  sym- 
metry about  the  neutral  section.  A  diagram  of  this 
kind  is  given  in  Fig.  12  for  the  simple  case  of  an  ellip- 
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Fig.  12, — Magnet  diagram  for  an  ellipsoid  magnet  of  the 
same  steel  as  test-piece  B  32,  J  i  (Figs.  8,  9  and  10), 
length  of  magnet  20  cm.,  diameter  at  neutral  section 
I  cm.,  c  I  a  =  20. 

soid  magnet.  Flux  density  and  surplus  force  being 
constant  in  this  case,  the  graphs  of  those  quantities 
are  straight  lines  parallel  with  the  base  line.  Denoting 
the  flux  at  the  neutral  section  by  B,  the  flux  traversing 
any  cross  section  at  a  distance  x  from  the  neutral 
section  will  be  :  • 

-R^  =  ^Try-  =  )S7rn=(i  -;i-/c=)=B(i  -  x-lc'') 

from  which  it  is  evident  that  the  graph  representing 
flux  variation  along  the  magnet  is  a  parabola  of  which 
the  axis  is  OY  with  the  vertex  at  B.  The  surplus 
force  being  constant,  the  graph  representing  the  accu- 
mulation of  surplus  force  along  the  magnet,  which 
appears   as    a    potential    difference,    is    a    straight    line 


inclined  at  an  angle  to  the  base  line.  In  similar  diagrams 
relating  to  ordinary  magnets  in  which  the  flux  density 
is  not  uniform,  the  graphs  for  flux  density,  surplus 
force  and  potential  difterence,  naturally  show  more  or 
less  curvature,  the  potential  difference  Vj,  at  any  section 


being   \<pdx,  an  integral  which  can  only  be  determined 
by  an   arithmetical   step-by-step   process. 

(30)  The  Design  of  Economic  Magnets  of  Uniform 
Sectional  Area.     (Ordinary  Magnets.) 

Present-day  practice  gives  the  magnet  uniform 
sectional  area  because  magnet  steel  is  supplied  in  the 
form  of  rolled  bars,  and  on  passing  from  the  ideal 
magnet  of  uniform  flux  density,  to  the  ordinary  magnet 
of  everyday  use,  we  are  faced  by  the  difficult  problems 
which  arise  from  variation  of  flux  density  in  the  steel. 
For  economy  in  an  ideal  magnet  it  is  only  necessary 
to  choose  the  particular  flux  density  which  gives  the 
product  ^4>  its  maximum  value.  But  in  the  everyday 
magnet,  with  a  flux  density  varying  from  a  maximum 
at  the  neutral  section  to  a  minimum  at  the  ends,  there 
is  a  corresponding  variation  in  ^<j>.  Now,  although 
the  magnet  may  be  (and  should  be)  so  proportioned 
that  ^<f>  attains  its  greatest  possible  value  somewhere 
in  each  limb,  it  is  obvious  from  inspection  of  the  energy 
curve.  Fig.  8,  that  the  average  value  oi  p<f>  for  any 
range  of  variation  in  flux  density,  must  fall  short  of 
the  maximum  product.  Some  sacrifice  in  economy  of 
steel  is  therefore  unavoidable  in  an  ordinary  present- 
day  magnet,  and  the  problem  of  the  designer  is  to 
find  the  length  and  sectional  area  of  steel  which  will 
result  in  the  highest  average  value  of  the  product  P4>,  in 
the  whole  magnet,  which  is  consistent  with  the  unfavour- 
able condition  imposed  by  uniform  sectional  area  of  steel. 
To  put  the  matter  in  another  way,  with  variation  in 
flux  density,  economy  of  steel  cannot  be  based  simply 
on  the  ideal  economic  density.  We  must  be  content 
to  aim  at  an  economic  region  extending  above  and 
below  the  ideal  density  ;  a  range  of  variation  in  flux 
density  which  will  give  to  the  average  product  ^<j> 
the  highest  practicable  value  under  the  restrictive 
condition  of  uniform  section  of  steel.  Accepting  this 
restriction  as  inevitable  (at  all  events  at  the  present 
time)  a  magnet  designed  to  secure  the  highest  prac- 
ticable mean  value  for  ^^  may  be  regarded  as  an 
economic  magnet,  although  it  cannot  show  an  economy 
of  steel  equal  to  that  of  the  ideal  magnet  of  uniform 
flu.x  density.  Needless  to  say,  the  problem  of  finding 
the  most  favourable  region  of  density  variation  cannot 
be  solved  with  precision,  but,  representing  the  maxi- 
mum value  of  ^^  by  ^«^f,  it  is  found  in  practice 
that  when  a  magnet  is  so  designed  that  the  average 
surplus  force  in  the  steel  is  not  very  different  from 
<pe,  the  range  of  variation  in  flux  density  coincides 
sufficiently  well  with  the  most  favourable  region  for 
economy  of  steel. 

Although  design  and  predetermination  are  distinct 
problems,  thev  must  always  go  together  in  determining 
the  dimensions  of  a  magnet.  Design  begins  with  an 
estimate  of  the  approximate  length  L  and  sectional 
area   A   of  an   economic   magnet   to   fulfil   some   given 
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energy  requirement  BV.  With  the  figures  so  obtained, 
the  next  step  is  to  make  a  forecast  of  what  a  magnet 
of  that  size  will  do,  and  then  on  the  basis  of  the  fore- 
cast, to  make  any  final  correcti'ons  in  the  size  of  the 
magnet  which  may  be  necessary.  Again  denoting 
the  maximum  energy  product  by  /3^^<-  the  length  of 
the  magnet  is  found  at  once  by  putting  L  =  \  l<t>e,  and  it 
is  seldom  that  any  material  correction  of  the  length 
ascertained  in  this  way  will  be  required.  Finding  the 
sectional  area  is  not  such  an  easy  matter,  and  in  the 
absence  of  previous  experience  of  magnets  of  similar 
shape,  it  can  only  be  done  by  a  series  of  approximations. 
Adopting  the  arithmetical  artifice  of  an  equivalent 
fictitious  conductance,  explained  in  section  25,  we 
shall  suppose  the  whole  of  the  leakage  flux  passing 
from  limb  to  limb  to  be  transferred  to  the  ends  of 
the  magnet.  Denoting  the  leakage  flux  by  b  we  shall 
probably  err  on  the  safe  side  if  we  put  b  =  \\ kc,  where 
Ic  stands  for  the  conductance  of  the  leakage  paths 
deduced  from  the  final  dimensions  of  the  magnet, 
L  and  A.  The  total  flux  in  the  magnet  will  be  B  +  6, 
and  if  we  aim  at  an  average  density  equal  to  ^e  we 
must  find  an  area  A  and  the  corresponding  leakage 
flu.x  b  which  satisfies  the  equation  A  =  (B  — 6)/jSe.  One 
method  of  approximation  is  to  begin  with  the  pro- 
visional value  Ao=B/j3j,  and  from  the  leakage  con- 
ductance based  on  A^  and  L  to  find  a  provisional  value 
bj  for  the  leakage  flux,  from  the  relation  b  =  iVkc. 
The  total  flux  will  now  be  B  +  &i  which  gives  an 
increased  value  to  the  area,  namely  Ai  =  (B  +  61)  /jSe, 
and  from  Aj  and  L  the  leakage  conductance  is  deter- 
mined afresh,  making  the  leakage  flux  6,,  from  which 
we  shall  have  A2  =  (B -f  ft^j/jS^.  Proceeding  in  this 
way,  the  values  for  sectional  area  and  leakage  flux 
rapidly  approach  corresponding  amounts,  and  after  a 
few  approximations  final  values  may  be  assigned  to 
A  and  b  so  as  to  make  A  =  (B  +  b)l^c.  The  process  is 
greatly  simphfied  if,  after  finding  b^,'  the  next  step  is 
made  by  doubling  the  provisional  value  of  the  leakage 
flux  and  so  obtaining  A^  =  (B-~.ib)  I ^e-  Here,  in  prac- 
tically everj-  case,  A^  will  be  greater  than  the  required 
area,  and  as  Aj  is  less  than  the  proper  value,  inspec- 
tion of  the  figures  usually  enables  the  correct  value 
A  to  be  ascertained  at  once,  without  anything  more 
elaborate  than  a  rule-of-three  sum.  In  calculations  of 
this  kind  there  is  no  royal  road,  and  with  a  little 
practice  and  the  exercise  of  mother  wit,  alternative 
ways  of  making  a  rapid  approximation  naturally  suggest 
themselves.  The  problem  is  closely  analogous  to  that 
of  finding  the  sectional  area  of  the  core  of  a  dynamo 
field-magnet,  but  a  much  greater  precision  is  required 
in  the  case  of  the  permanent  magnet,  where  in  deter- 
mining area  and  length  we  are  once  for  all  settling 
the  magnetomotive  force,  the  inherent  "  ampere-turns  " 
for  excitation,  and  not  merely  providing  a  path  for 
the  magnetic  flux. 

(31)  Predetermination    of    Ordinary    Magnets, 
USING  THE  Ratio  Equation. 

Assuming  the  economic  length  and  sectional  area 
have  been  ascertained  the  energy  output  of  the 
magnet  may  be  predetermined  from  the  ratio  equation. 


or  when  an  accurate  and  more  detailed  forecast  is 
required  the  more  laborious  method  of  step-by-step 
integration  mav  be  resorted  to.  Taking  first  the 
approximate  method  of  the  ratio  equation,  the  problem 
is  to  find  the  terminal  potential  difference  that  the 
magnet  will  maintain  when  used  w-ith  the  apparatus 
for  which  it  is  intended.  The  estimated  data  derived 
from  the  proposed  magnet  itself,  are  the  length  L 
and  sectional  area  A,  and  the  conductance  k^  of  the 
leakage  path  from  one  limb  to  the  other  ;  those  per- 
taining to  the  apparatus  being  the  united  conductance 
kp  of  all  leakage  paths  between  what  we  may  call  the 
magnetic  terminals  of  the  apparatus  and  the  conduct- 
ance ku  of  the  path  traversed  by  the  useful  flux.  As- 
suming the  leakage  conductance  of  the  magnet  to  be 
equivalent  to  a  fictitious  conductance  aA^  connected 
at  the  ends  of  the  magnet,  the  ratio  equation  is  (sec- 
tion 25)  : 

i  =  ,  (K  -r  A>  -  a  kc) 

Having  determined  the  ratio  jS/^  in  this  way,  the 
average  surplus  force  is  ascertained  by  reference  either 
to  the  demagnetization  curve  ;  or,  more  conveniently, 
to  a  derived  curve  like  that  shown  in  Fig!  10  which 
gives  <f>  in  terms  of  j3/^  at  a  glance.  Denoting  the 
value  of  the  average  surplus  force,  predetermined  in 
this  way  by  <pa.  the  corresponding  terminal  potential 
difference  will  be  : 

V=^^L (35) 


and   the  useful  flux  will  therefore  be  : 


(36) 


The  terminal  flux  delivered  to  the  apparatus  will  be 
V(t„  —  kp),  and  hence  the  predetermined  energy  delivered 
by  the  magnet  will  be  \-(ku  +  kp).  It  should  be  ob- 
served that  although  the  first  step  in  design  was  to 
make  L  =  y  I'pc,  it  by  no  means  follows  that  for  a  magnet 
so  designed,  the  predetermined  value  of  the  average 
surplus  force  ([>a  will  turn  out  to  be  exactly  equal  to 
the  ideal  economic  value,  and  hence,  after  making  a 
forecast  by  means  of  the  ratio  equation,  it  may  be 
necessary  to  modify  the  length  and  sectional  area  in 
order  to  obtain  predetermined  values  for  terminal 
potential  difference  and  flux  in  sufficiently  close  agree- 
ment with  the  two  factors  of  the  required  energy. 

The  accuracy  of  a  forecast  derived  from  the  ratio 
equation  depends,  among  other  things,  on  the  value 
assigned  to  the  coefl5cient  a.  That  this  coefficient  is 
connected  in  some  way  with  the  shape  of  the  magnet 
is  evident,  but  no  simple  rule  for  predicting  its  value 
in  any  particular  case  has  so  far  suggested  itself.  As 
we  have  seen,  in  an  ellipsoid  magnet  a  is  exactly  J, 
but  experience  derived  from  a  considerable  number 
of  examples  shows  that  in  ordinary  magnets  a  may 
have  any  value  between  about  J  and  about  i,  and  if 
the  latter  fraction  is  assumed  to  be  the  upper  limit, 
we  shall  err  on  the  safe  side  if  we  adopt  it  in  making 
a  forecast.  In  a  well-designed  magnet  leakage  from 
limb  to  limb  does  not  generally  form  so  large  a  pro- 
portion of  the  total  flux  as  to  call  for  great  precision 
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in    the   estimated   conductance    al'c   of   the   equivalent 
leakage  path. 

By  assuming  that  what  is  exactly  and  demonstrably 
true  for  the  ellipsoid  is  approximately  true  for  anj' 
ordinary  magnet — that  is  to  say,  that  an  ordinary 
magnet,  in  common  with  an  ellipsoid,  behaves  in  some 
respects  like  a  single  magnetic  circuit — we  convert  the 
ratio  equation  into  a  useful  tool  for  the  designer. 
But  the  arithmetical  device  which  enables  the  equation 
to  be  applied  in  this  way,  the  substitution  of  a  leakage 
conductance  concentrated  at  the  ends  of  the  magnet 
for  the  real  distributed  leakage  conductance,  is  tanta- 
mount to  substituting  for  the  real  magnet  an  imaginary 
one  which  is  traversed  from  end  to  end  by  a  flux  equal 
to  V(t„  +  l-p  +  al'c)-  Hence,  the  utility  of  the  equation 
is    confined    to    the    estimation    of    terminal    potential 


from  the  magnet  limb  will  take  place  solely  at  the 
junctions  between  adjacent  regions,  each  junction 
being  treated  as  the  centre  of  a  leakage  zone. 

The  method  of  sub-division  into  regions  of  uniform 
flux  density  is  given  in  Fig.  13,  which  shows  a  typical 
density  variation  curve  from  one  end  of  a  magnet 
to  the  other,  the  sectional  area  of  the  magnet  being 
uniform.  The  magnet,  which  we  may  suppose  to  be 
of  the  bent  or  horse-shoe  form,  is  shown  as  a  develop- 
ment, so  that  the  magnetic  axis  appears  as  a  straight 
line. 

The  space  to  be  magnetized  consists  of  an  air  gap 
between  two  pole-pieces  Pj  P^.  The  magnet  is  divided 
into  a  number  of  piirs  of  regions,  symmetrically  dis- 
posed, on  either  side  of  a  central  region,  and  it  might 
naturally  be  supposed  that  accuracy  of  predetermina- 


Serial  numbers  of 
tlie  pairs  of  zones 


Fig.  13. — Diagram  illustrating  the  method  of  step-by-step  integration,  the  length  of  the  magnet  being 
divided  into  regions  of  uniform  flux  density,  and  into  pairs  of  leakage  zones.  The  diagram  corre- 
sponds with  Table  2. 


difference  and  terminal  flu.x.  It  does  not  afford  any 
information  relating  to  the  distribution  of  flux  and 
variation  of  flux  density  in  the  steel — matters  on  which 
economy  and  magnetic  efficiency  largely  depend. 

(32)  Predetermination    by    Step-bv-step 
Integration. 

l~or  a  comprehensive  predetermination,  a  detailed 
estimate  of  the  magnetic  flux  and  energy  maintained 
by  a  permanent  magnet,  it  is  necessary  to  bring  the 
variation  in  flux  density  and  surplus  force  in  the  steel 
within  the  range  of  arithmetic.  For  this  purpose  we 
may  suppose  the  magnet  to  be  sub-divided  into  a 
number  of  lengths  or  regions  within  which  ^  and  (f> 
may  be  treated  as  constant  quantities,  their  values 
being  supposed  to  change  per  sallum  in  passing  from 
one  region  to  the  next.     On  this  supposition,  leakage 


tion  would  depend  mainlv  on  the  extent  to  which 
sub-division  was  carried.  This,  however,  is  not  the 
case  because,  in  practice,  accuracy  is  limited  by  sources 
of  error  which  would  not  be  removed  by  the  most 
minute  sub-division.  Two  or  three  pairs  of  regions 
on  either  side  of  the  central  region  are  in  nearly  all 
cases  sufficient  to  predetermine  the  tenninal  flux  and 
potential  difference,  but  when  it  is  intended  to  obtain 
data  for  graphs  showing  variation  in  flux  density  and 
other  quantities  along  the  magnet  limbs,  then  half  a 
dozen  pairs  of  regions  would  not  be  excessive.  As  a 
general  rule,  magnets  without  pole-pieces  require  a 
finer  sub-division  than  magnets  which  are  to  be  used 
with  pole-pieces,  the  range  of  variation  in  flux  density 
being  much  greater  in  the  absence  of  pole-pieces,  or 
magnet  ends  which  are  the  equivalent  of  pole-pieces. 
By  way  of  example,  the  magnet  in  Fig.  13  is  divided 
into  five  pairs  of  regions  on  either  side  of  the  central 
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region.     The    dotted    line    following    the    flux    density   !  Since    the    junctions    between    the    regions    are    the 

curve  indicates  the  hypothetical  mode  of  variation  by  centres   of  leakage   zones,    there   will   be   five   pairs   of 

steps    which    would    result    from    division    into    regions  leakage   zones   arranged   on   either  side   of   the   neutral 

of  uniform  density,  and  in  view  "of  the  shape  of  actual  section.     The  conductance  of  the  leakage  path  between 

density  variation  curves  a  small  advantage  may  some-   ,  any  pair  of  zones  will  be  equal  to  the  estimated  value 


Table    2. 


lUusira'.ing  in  Symbols 

ti.e  Arithmetical  Process  of  Sfep-by-step 

Integyation 

along  a  Magnet  (see  Fig. 

13)- 

For  Increments  of  Potential  Difference 
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5 
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^6 

^5 
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A 
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1                              1 

Terminal  flux=j86A  =  B' 

Total  energ>^  in  leakage  |   _ 
from  limb  to  limb       )   ~ 

|-  Sum  of 
-    above 
I    terms 

'     To  correspond  with  the  above  quantities,  the  terminal  conductance  must  be  equal  to  the  ratio  B'/V. 

times  be  gained  in  accuracy  by  graduating  the  length 
of  the  regions  more  or  less  as  indicated  in  the  diagram, 
so  as  to  avoid  excessive  inequality  in  the  height  of 
the  steps.  The  advantage,  such  as  it  is,  involves  a 
sacrifice  of  the  arithmetical  simplicity  of  regions  of 
uniform   length,   and   is  seldom   worth  while. 


of  the  conductance  factor  q  for  the  particular  zones, 
multiplied  by  the  zone  width  ;  the  conductance  being 
supposed  to  be  connected  at  the  centres  of  the  zones, 
so  that  leakage  is  concentrated  and  takes  place  at  the 
junction  between  regions  of  uniform  density. 

The  arithmetical  process  of  summation  or  integraticn 
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is  set  out  in  Table  2,  and  begins  with  the  arbitrary 
choice  of  an  initial  flux  density  j8i  for  the  central  region. 
Reference  to  the  demagnetization  curve  of  the  steel 
from  which  the  proposed  magnet  is  to  be  made,  gives 
the  corresponding  value  of  the  surplus  force  <^i  which 
when  multiplied  by  the  length  of  the  region,  namely 
J  Sj  on  one  side  of  the  neutral  section  plus  ^  s^  on  the 
other  side,  gives  the  potential  difference  V,  between 
the  centres  of  the  first  pair  of  leakage  zones.  Denoting 
the  sectional  area  of  the  magnet  by  A  and  the  con- 
ductance of  the  first  leakage  path  being  q^  Sj,  the 
decrement  in  flux  density  at  the  junctions  between  the 
central  region  and  the  adjacent  regions  on  either  side 
of  it  will  be  Vj^,  ij/A.  In  Fig.  13  and  in  the  table 
this  decrement  is  denoted  by   §,  ^. 

Next,  by  subtracting  81  j8  from  j8i  the  density  at 
the  bottom  of  the  first  step  in  each  limb  is  ascertained. 
Denoting  the  density  so  found  by  jSj,  the  corresponding 
surplus  force  <p2  is  ascertained  by  referring  again  to 
the  demagnetization  curve  of  the  steel,  and  in  that 
way  the  next  increment  in  potential  difference,  namely 
^:;  (-"^i  +  ^'2).  is  determined.  Adding  together  \\  and 
<j>2  (•Si  +  -Sj)  gives  the  potential  difference  V^  between 
the  centres  of  the  second  pair  of  leakage  zones,  and 
the  decrement  of  density  at  the  second  step  in  each 
linib  will  be  Vj^^Sj/A.  Denoting  the  second  decre- 
ment in  density  by  S^  ^,  the  flux  density  at  the  bottom 
of  the  second  step  will  be  ^2— 8, ^8  =  ^83  and  again  the 
corresponding  value  of  the  surplus  force,  namely  <f>^, 
is  found  by  reference  to  the  demagnetization  curve. 

Proceeding  in  this  way,  step  by  step,  to  the  ends 
of  the  magnet,  a  terminal  density  ^g  is  found,  which 
when  multiplied  by  A  gives  a  terminal  flux  which  we 
shall  denote  by  B'.  At  the  same  time  the  successive 
additions  of  the  increments  of  potential  difference  will 
have  resulted  in  a  terminal  potential  difference  which 
we  shall  denote  b)-  V. 

In  settling  the  energy  requirement  of  the  apparatus — 
pole-pieces  and  air  gap  in  the  present  case — we  shall 
have  obtained  estimated  values  for  the  conductance 
hu  of  the  space  traversed  by  the  useful  flux  and  the 
total  conductance  Ip  of  leakage  paths  in  the  apparatus, 
and  it  will  be  convenient  to  put  l„  +  Ip  =  7i-(,  so  that  kt  is 
the  total  estimated  conductance  between  the  magnetic 
terminals  of  the  apparatus.  Now  it  is  clear  that  the 
flux  and  potential  difference,  as  delivered  by  any  magnet 
whatever  when  applied  to  the  given  apparatus,  must 
necessarily  bear  a  ratio  to  each  other  equal  to  the  appa- 
ratus conductance  kf.  But  since  our  integration  started 
with  an  arbitrary  choice  for  the  initial  flux  density, 
all  we  learn  from  it  is  that  the  proposed  magnet  would 
deliver  a  flux  B'  at  a  potential  difference  V,  if  it  were 
applied  to  some  apparatus  which  had  a  total  conduct- 
ance equal  toB'/ V,  and  hence  B'/V  could  only  turn  out 
to  be  equal  to  ki  by  some  unexampled  stroke  of  luck  in 
the  choice  of  an  initial  density  for  the  starting  point. 
What  we  have  to  do,  therefore,  is  to  determine  the 
particular  value  of  initial  density  which  after  integra- 
tion will  result  in  a  terminal  flux  B(  and  terminal 
potential  difference  Vj,  the  values  of  which  will  make 
Bj  /  V(  equal  to  kf.  For  this  purpose  it  is  necessary 
to  carry  out  a  second  and  in  nearly  every  case  a  third 
integration,   similar  to   that  just  described   but   begin- 


ning, with  different  initial  densities.  Assuming  the 
terminal  ratio  B'/V'  which  resulted  from  the  first 
integration  to  be  greater  than  kt,  the  second  integration 
must  start  from  an  initial  density  less  than  that  chosen 
for  the  first.  The  second  integration  will  result  in  a 
terminal  ratio  which  may  be  denoted  by  B'/V"  and, 
again,  if  B"/V"  should  be  greater  than  kt,  the  third 
integration  must  begin  with  an  initial  density  less  than 
that  chosen  for  the  second  ;  the  rule  being  reversed, 
of  course,  if  the  differences  are  the  other  way  about. 
Assuming  a  third  integration  has  been  made,  the  three 
integrations  starting  from  three  initial  densities,  which 
may   be   denoted    by  ^'   j3''  and  ^"' ,  will  have  resulted 

in  three  terminal  ratios  B'/V,  B"/V"  and  B"'/V"';  and 
assuming  these  to  represent  the  initial  densities  and 
terminal  ratios  in  order  of  magnitude,  it  is  essential 
that  kt  should  come  somewhere  between  B'/V  and 
B"'/ V"  in  magnitude.  It  is  easy  to  fulfil  this  condition 
by  choosing  for  the  first  integration  an  initial  density 
not  very  far  below  the  maximum  remanent  density 
of  the  steel.  For  by  so  doing  it  will  be  found  that 
B'/V  turns  out  to  be  greater  than  kt  in  almost  every 
case  that  is  likely  to  occur  in  practice,  and  by  noting 
the  difference  between  B'/V  and  kf  it  is  an  easy  matter 
to  make  an  appropriate  choice  for  the  initial  density 
with  which  to  begin  the  second  integration.  The 
author  has  found  it  good  practice  in  choosing  the 
initial  density  for  a  first  integration  to  take  some 
convenient  whole  number  about  1,000  lines  below  the 
maximum  remanent  density.  In  exceptional  cases  a 
suitable  figure  for  initial  density  can  be  found  by 
means  of  the  ratio  equation  which  gives  an  approximate 
value  for  the  ratio  /3/^  at  some  cross  section  in  the 
magnet  limbs.  The  value  of  j8  ascertained  in  this  way 
will  serve  quite  well  as  the  starting  point  for  integra- 
tion, although  in  this  case  B'/V  is  likely  to  be  less 
than  kt- 

Having  obtained  three  terminal  ratios  B'/V,  B"/V" 
and  IB"' IV",  covering  a  range  of  values  which  includes 
that  of  the  terminal  conductance  ki,  the  particular 
value  of  initial  density  which,  after  integration,  would 
result  in  a  terminal  ratio  Bj/V/  =  i-<  is  ascertained  by 
drawing  a  curve  connecting  initial  density  with  ter- 
minal ratio,  or  what  is  numerically  the  same  thing, 
terminal  or  "  apparatus  "  conductance.  For  this  pur- 
pose the  connected  quantities  jS',  with  B'/V,  j3"  with 
B"/V"  and  ^"'  with  B'"/ V"  are  plotted  as  co-ordinates 
and  a  curved  line  drawn  freehand  through  the  plotted 
points.  The  required  initial  density  is  then  found  by 
noting  the  point  at  which  the  line  passes  through  the 
ordinate  k^. 

In  the  same  way  the  terminal  potential  difference 
is  found  by  means  of  a  curve  plotting  the  three  values 
V,  V"  and  V"  with  the  corresponding  terminal  ratios 
B'/V,  B'/V  and  B"'/V".  Again,  the  terminal  flux 
may  be  found  in  a  similar  way  by  means  of  a  curve, 
in  this  ease  plotting  B',  B"  and  B'"  with  the  corre- 
sponding terminal  ratios  ;  but  it  should  be  observed 
that  when  one  of  the  energy  factors  has  been  ascer- 
tained by  means  of  a  graph,  the  simpler  plan  is  to 
find  the  other  factor  from  the  relation   B(=t(V(. 

From    these    three    integrations    the    following    data 


IN    THEORY   AND   PRACTICE. 


809 


will  have  been  obtained  relating  to  the  predicted  per- 
formance of  the  magnet  when  used  with  the  given 
apparatus.  The  terminal  flux  B/ ;  the  terminal 
potential  difference  Vj ;  the  flux  density  j3j  in  the  central 
region,  which  for  practical  purposes  may  be  treated 
as  the  density  at  the  neutral  section,  and  therefore 
the  maximum  density  in  the  steel  ;  and  the  flux  density 
P,  at  the  ends  of  the  magnet,  which  is,  of  course,  B(/A. 
To  ascertain  how  nearly  the  magnet  will  fulfil  the  given 
requirement  we  have  onh'  to  compare  B(  with  B,  and 
\'(  with  V,  a  comparison  which  points  the  way  to  any 
modification  in  length  or  sectional  area  which  may  be 
thought  necessary.  As  regards  economy  of  steel,  it 
should  be  noticed  that  the  mean  flux  density'  between 
the  extreme  values,  namely  J  (j8i  +  jS(),  ought  not  to  differ 
widely  from  the  economic  density  ^e  nor  should  the 
average  surplus  force  Vj/L  differ  much  from  the  eco- 
nomic value  <pe-  If  these  quantities  compare  reasonably 
well  together,  there  will  be  some  approach  to  an 
economical  use  of  the  volume  of  steel,  LA,  contained 
in  the  magnet,  but  it  is  not  possible  to  reach  a  more 
precise  conclusion  from  the  data  we  have  deri\'ed 
from  three  integrations. 

•  For  complete  information  relating  to  the  distribution  ■ 
of  flux,  the  amount  of  energy  utilized  and  the  amount 
wasted,  it  is  necessary  to  carry  out  a  fourth  integration 
in  about  half  a  dozen  steps,  the  starting  point  being 
the  predicted  value  of  the  initial  density  which  has 
been  ascertained  from  the  three  integrations  by  the 
means  described  above.  Apart  from  small  arithmetical 
discrepancies  which  may  creep  in.  the  final  integration 
should,  of  course,  result  in  a  terminal  flux  Bj  and  ter- 
minal potential  difference  ^'/,  and  hence  the  terminal 
ratio  B</V(  will  have  the  required  value  i'/.  Incidentally, 
the  precision  of  the  final  agreement  with  the  given 
terminal  conductance  Tc(  affords  a  check  on  the  figures 
derived  from  the  preliminary  three  integrations,  and 
it  may  be  remarked  that  in  practice  there  is  usually 
a  very  close  agreement. 

The  intermediate  figures  for  flux  density,  surplus 
force  and  potential  difference,  which  occur  in  the  course 
of  the  fourth  integration  are,  of  course,  the  values 
required  for  plotting  the  curves  in  a  diagram  showing 
the  variation  of  these  quantities  between  the  neutral 
section  and  the  ends  of  the  proposed  magnet.  It  will 
be  seen  by  reference  to  the  last  column  in  Table  2 
that  the  intermediate  figures  also  provide  the  necessary 
data  for  estimating  the  malefic  energy  which  the 
magnet  will  maintain  in  the  leakage  paths  from  one 
limb  to  the  other  ;  the  sum  of  the  terms  which  repre- 
sent the  energy  in  leakage  paths  between  successive 
pairs  of  zones,  being  the  total  energy  wasted  in  leakage 
from  limb  to  limb.  Adding  this  to  the  energy  B(V( 
delivered  at  the  ends  of  the  magnet — the  terminal 
ehergy — we  obtain  the  estimated  figure  for  the  total 
magnetic  energy  maintained  by  the  magnet  in  space 
external  to  the  magnet  itself.  By  comparing  the 
figure  .so  obtained  with  the  maximum  external  energy 
which  the  volume  of  steel  contained  in  the  magnet 
is  capable  of  maintaining,  namely  ^e't'e  x  (volume  of 
magnet),  it  will  be  seen  how  far  the  proposed  magnet 
falls  short  of  an  ideal  magnet'  of  the  same  volume, 
as  regards  economy  of  steel.     In  short,   a  measure  is 


obtained  for  both  the  overall  energy  efficiency  of  the 
magnet,  and  the  shortcomings  of  the  designer  and  his 
design. 

Predetermination  by  step-bj'-step  integration  presents 
no  serious  difficulty  at  any  stage.  The  preliminary 
work  of  estimating  the  conductance  of  the  various 
leakage,  paths  should  be  done  with  care,  and  some 
exercise  of  judgment  is  called  for  in  choosing  appro- 
priate methods  for  determining  the  value  of  the  con- 
ductance factor  q  for  the  different  pairs  of  zones  along 
the  limbs  of  the  magnet.  But  the  actual  work  of 
integration,  although  somewhat  laborious,  involves 
nothing  more  than  the  reading  of  ordinates  on  the 
demagnetization  cur\-e  and  the  performance  of  a  number 
of  simple  sums  in  addition,  subtraction  and  multiplica- 
tion ;    the  latter  being  done  on  a  slide  rule  of  course. 

(33)  Comparison    between    Predetermined    and 
Observed  Magnetic  Quantities. 

How  far  the  methods  of  predetermination  described 
in   the   foregoing   sections   may   be   trusted   in   practice 
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Fig.  14. — Example  of  predetermination :  a  small  bent  magnet 
with  pole-pieces  and  air-gap. 

can  only  be  demonstrated  by  comparing  the  predeter- 
mined quantities  with  corresponding  values  obtained 
experimentally  by  testing  the  completed  apparatus. 
In  most  cases  structural  parts  of  the  apparatus  prevent 
a  detailed  verification  by  means  of  search  coil  and 
ballistic  galvanometer,  and  under  the  conditions  in 
which  magnets  are  used  in  practice  it  is  seldom  possible 
to  do  more  than  measure  the  field  or  the  flux  actually 
obtained  ;  the  measurement  often  being  of  an  indirect 
character. 

The  author  has  made  use  of  the  integration  method 
for  many  years  past,  but  the  difficulties  met  with  in 
applying  it  in  practice  ha\'e  only  gradually  been  sur- 
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mounted  and  in  early  days  discrepancies  of  lo  per 
cent  or  more  were  the  rule  rather  than  the  exception. 
Within  recent  years,  however,  the  use  of  more  trust- 
worthy demagnetization  curves  and  the  elimination 
of  various  sources  of  error  have  brought  the  outstanding 
discrepancies   within   reasonable   limits.      Predetermina- 


difference  arises  from  this  cause.  But  the  larger  dis- 
crepancies are  more  often  due  to  an  actual  want  of 
uniformity  in  the  steel  itself,  a  trouble  which  is  of  far 
too  frequent  occurrence.  It  may  be  anticipated  that 
discrepancies  attributable  to  these  causes  will  tend  to 
diminish    as    rule-of-thumb    manufacture     gives    place 
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Fig.   15. — Example  of  predetermination:  the  magnetic  system  of  the  Megger  Testing  Set. 


tions  made  during  the  past  four  or  five  years  have  in 
nearly  all  cases  turned  out  to  be  in  agreement  with 
realized  values  within  limits  of  error  round  about 
3  per  cent,  and  the  larger  discrepancies  which  still  occa- 
sionally occur  can  always  be  traced  to  some  accidental 
difference  in  magnetic  quality  between  the  magnet  and 


to  systematic  methods,  but  they  are  unlikely  to  be 
removed  altogether. 

Three  typical  examples  of  verification  after  pre- 
determination are  given  in  Table  3,  the  magnets  them- 
selves being  shown  in   Figs.    14,    15   and   16. 

In  each  of  these  examples,  the  magnetic  conductance 
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Fig.   16. — Example  of  predetermination:   the  magnetic  system  of  a  magneto  generator. 


the  test-piece  from  which  the  demagnetization  curve 
was  obtained.  These  differences  arise  in  more  than 
one  way.  The  preparation  and  hardening  of  test- 
pieces  under  laboratory  conditions  has  now  reached 
a  precision  and  uniformity  which  are  not  attained, 
perhaps  not  attainable,  in  making  magnets  under 
workshop   conditions,    and   occasionally   a   considerable 


of  leakage  paths  extending  more  or  less  radially  out- 
wards frona  the  pole-pieces,  was  estimated  by  the 
spherical  pole  formula  given  in  the  Appendi.x.  The 
conductance  of  the  short  leakage  paths  passing  more 
directly  between  the  pole-pieces,  and  that  of  the  path 
traversed  by  the  useful  flux,  were  estimated  by  methods 
which   have   been   common    practice   since   the   time   cf 
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Hopkinson  and  need  not  be  described  here.  It  will, 
however,  be  useful  to  indicate  in  each  case  the  methods 
chosen  for  estimating  the  conductance  of  the  leakage 
paths  from  one  limb  of  the  magnet  to  the  other.  For 
the  little  bent  magnet  shown  in  Fig.  14,  the  conduct- 
ance factor  q  was  assumed  to  be  the  same  as  that  of  an 
ellipsoid  of  ratio  da  equal  to  the  ratio  of  the  magnet, 
namely  length  divided  by  virtual  diameter.  The  value 
so  obtained  was  applied  to  the  region  on  either  side  of 
the  neutral  section  which  is  included  in  the  bend.  For 
the  parallel  parts  of  the  magnet  limbs,  q  was  estimated 
by  means  of  the  formula  for  parallel  cylinders  which 
is  given  in  the  Appendix.  Bent  magnets  of  this  type 
form  a  very  numerous  class  and  the  same  procedure 
is  applicable  to  them  all.  The  next  example,  Fig.  15, 
is  peculiar  in  having  one  magnet  system  to  magnetize 
two  different  pieces  of  apparatus,  a  magneto  generator 
and  a  moving-coil  ohmmeter.     The  conductance  factor 


and  speed  of  the  machine  being  specified,  the  necessary 
flux  in  the  armature  was  estimated  to  be  196,000  lines, 
and  to  maintain  that  flux  it  was  estimated  that  a 
magnetic  potential  difference  of  590  would  be  required 
between  the  end  faces  of  the  magnet  bars. 

Having  ascertained  the  two  factors  of  the  magnetic 
requirement,  the  maximum  economy  of  steel  was 
aimed  at  in  determining  the  length  and  total  sectional 
area  of  the  permanent  magnet.  The  magnet  being 
divided  into  two  halves,  arranged  in  parallel  one  on 
each  side  of  the  armature,  each  half  constitutes  two 
magnet  limbs  on  either  side  of  a  neutral  section  situ- 
ated midway  between  the  ends  of  the  half  magnet. 
The  estimated  leakage  from  limb  to  limb  being  a  very 
small  proportion  of  the  total  flux  in  the  half  magnet, 
the  flux  density  varied  very  little  between  the  neutral 
section  and  the  ends  of  the  magnet  bars.  Hence  it 
was     found     possible    to     obtain     an     average    energy 


Table  3. 


Description  of  Pennanent  Magnet 

Magnetic  Quantity  Pre-determined  and        Prc-determined        Obser\-ed 
Verified                                            Value         j          Value 

1 

Percentage 
Discrepancy 

Small  bent  magnet  with  pole-pieces,  Fig.  14 

1 

Field  in  air-gap  between  pole-    |        i  970             i  950 
pieces                                              1 

I-O 

7-0 

1 

!  Magnetic   circuit  of  a  Megger  Testing   Sat,  \ 

Fig-   15                                                                   1 

i 

I'lu.x  in  armature  of  generator          44  500           41  400 

i               .        1 

Field  in  air-gaps  of  ohmmeter 

1 
2  550             2  500 

2-0 

1 
Field  magnet  of  a  magneto-generator.  Fig.  16 

Flux  in  armature 

197  100         192  000 

2-6 

Comparison  between  predetermined  and  realized  values  for  three  ordinary  permanent  magnets.     Step-by-step 
integration  employed  in  each  case.     Average  discrepancy  3-2  per  cent. 

for  the  leakage  paths  from  one  magnet  limb  to  the  other 
was  first  estimated  in  the  ordinary  way  by  the  formula 
for  parallel  cylinders  ;  but  as  the  substitution  of  a 
cvlindrical  cross  section  for  the  rectangular  section  of 
the  magnet  seemed  of  doubtful  validity  in  the  case  of 
Ji  rectangle  differing  so  widely  from  a  square,  a  second 
estimate  was  made  by  treating  each  individual  bar 
of  steel  as  a  cylinder  and  assuming  that  each  pair  of 
cylinders  utiHzed  one  half  of  the  entire  surrounding 
space.  These  alternative  methods  gave  9  =  2' 10  and 
^  =  2-09  respectively,  and  the  forecast  was  based  on 
the  first  of  these  figures.  It  may  be  noted  that  a  rough 
estimate  made  by  drawing  freehand  lines  of  force 
between  the  limbs,  a  method  which  unavoidably  omits 
the  conductance  of  the  remoter  regions  of  space,  gave 
the  value  y  =  i  -83. 

The  third  example.  Fig.  16,  is  a  novel  type  of  magneto 
generator  designed  by  the  author  ;  and  being  the  first 
machine  of  its  kind  it  was  of  special  interest  to  see  how 
closely  the  estimated  performance  of  the  field-magnet 
system    would    be    realized    in    practice.     The    output 


product  for  the  whole  magnet,  not  much  less  than  the 
maximum  product  Pc4'c  ^or  the  magnet  steel  which  it 
was  intended  to  use,  and  the  magnet  closely  approached 
the  economy  of  an  ideal  magnet. 

As  a  result  of  the  inevitable  mishaps  which  attend 
the  construction  of  the  first  machine  of  a  new  pattern, 
the  actual  dimensions  of  the  completed  generator 
were  found  to  differ  from  the  drawings  in  one  or  two 
places,  and  the  final  forecast  of  the  flux  in  the  armature 
was  therefore  based  on  the  measured  dimensions  in 
order  to  avoid  confusing  errors  of  workmanship  with 
errors  in  predetermination.  Leakage  conductance  from 
one  limb  to  the  other,  for  each  half-magnet,  was  ascer- 
tained by  means  of  the  spherical  pole  formula.  In 
the  case  of  an  armature  core  in  which  the  flux  density 
in  the  teeth  attains  a  high  value,  it  is  naturally  impos- 
sible to  treat  the  terminal  conductance  as  a  constant. 
The  total  conductance  of  the  path  traversed  by  the 
useful  flux  from  pole-piece  to  pole-piece  was  therefore 
estimated  for  a  suitable  range  of  values  of  flux  density 
in  the  core  teeth,  and  a  curve  drawn  connecting  useful 
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flux  with  terminal  potential  difference.  Three  integra- 
tions in  six  steps  gave  a  corresponding  curve  connecting 
useful  flux  provided  by  the  field  magnet  with  potential 
difference  maintained  between  .the  pole-pieces  by  the 
magnet  ;  and  the  point  where  these  two  curves  crossed 
indicated  the  predetermined  value  of  the  flux  in  the 
armature.  As  the  result  of  the  small  errors  in  dimensions 
referred  to  above,  the  forecast  differed  a  little  from  the 
flux  on  which  the  design  had  been  based. 

These  three  examples  have  been  chosen  from  a 
number  of  instances  of  predetermination,  because  the 
forecast  was  in  each  case  founded  solely  on  the  dimen- 
sions of  the  magnet,  those  of  the  apparatus,  and  the 
demagnetization  curve  of  a  sample  of  the  magnet 
steel  ;  no  assistance  being  derived  from  previous 
e.xperience  of  similar  types.  Previous  experience  of 
so  common  a  type  as  the  bent  magnet  was  naturally 
available,  but  it  was  not  used  in  the  present  case  ; 
the  Uttle  bent  magnet  being  treated  in  all  respects 
as  though  it  had  been  a  novel  type.  Previous  experi- 
ence in  the  other  two  cases  was  entirely  wanting. 
These  three  predeterminations  therefore  afford  a  good 
illustration  of  the  kind  of  accuracy  which  may  be 
expected  in  practice,  and  it  will  be  seen  from  the  figures 
in  Table  3  that  notwithstanding  an  unduly  large  dis- 
crepancy in  one  case,  the  average  difference  between 
the  estimated  and  the  observed  values  is  only  a  little 
more  than  3  per  cent,  the  estimate  being  in  excess 
of  the   realized   value  in   every  case. 

(34)  An  Experimental  Proof. 

Since  in  practice  it  is  onlv  possible  to  ensure  ap- 
proximate identity  between  test-piece  and  magnet, 
such  comparisons  as  those  just  given  necessarily  include 
errors  which  cannot  be  properly  attributed  to  the 
method  of  predetermination.  To  obtain  a  comparison 
entirely  free  from  errors  arising  from  any  want  of 
identical  conditions  as  regards  the  steel  in  the  sample 
and  that  in  the  magnet,  an  experimental  magnet  was 
devised  which  could  be  made  to  do  double  duty  ;  first 
acting  as  the  test-piece  from  which  the  demagnetiza- 
tion curve  would  be  obtained,  and  then  playing  the 
part  of  a  permanent  magnet  for  comparison  between 
forecast  and  performance.  In  this  way  all  doubt  as 
to  identity  of  chemical  composition,  molecular  state 
and  hardness  would  be  removed. 

The  experimental  magnet  was  in  the  form  of  a 
circular  ring  of  rectangular  cross  section,  and  the 
requirement  was  assumed  to  be  the  maintenance  of 
a  magnetic  flux  in  the  air-gap  formed  between  the 
parallel  end  faces  of  the  severed  ring.  The  magnet 
was  forged  from  a  bar  of  magnet  steel  and  machined 
to  an  accurately  circular  shape  of  uniform  cross  section, 
the  end  faces  being  planes  at  right  angles  to  the  mag- 
netic axis.  After  machining,  the  ring  was  placed  in 
a  clamp  and  hardened  in  the  ordinary'  way.  The  ring 
was  then  fitted  on  the  internal  and  external  peripheries 
with  thin  brass  straps,  so  arranged  that  by  means 
of  screws  the  air-gap  between  the  magnet  ends  could 
be  adjusted  to  any  width,  from  zero  up  to  the  amount 
permitted  by  the  elasticity  of  the  steel. 

First  treating  the  hardened  steel  ring  as  the  test- 
piece,  it  was  wound  with  magnetizing  and  secondary 


coils  for  making  the  customary  ballistic  test,  the  air 
gap  being  eliminated  by  screwing  the  tension  strap 
until  the  end  faces  were  in  close  contact.  In  this 
condition  the  steel  was  carried  through  a  number  of 
maximum  magnetic  cycles,  and  a  complete  series  of 
observations  of  flux  density  and  applied  magneto- 
motive force  was  obtained  from  the  final  cycle.  The 
observed  values  having  been  duly  corrected  for  the 
small  error  arising  from  the  presence  of  the  joint  formed 
by  the  end  faces  in  contact,  the  demagnetization  curve 
shown  in  Fig.  17  was  plotted  from  the  corrected  obser- 
vation and  formed  the  basis  for  predetermination. 
From  this  curve  figures  were  obtained  for  plotting 
the  derived  curve,  shown  in  Fig.  18,  connecting  <^ 
with  the  ratio   j8/<^. 

The  coils  used  for  the  ballistic  tests  having  been 
removed,  the  ring,  in  the  fully-magnetized  state,  was 
then  investigated    as   a    permanent  magnet  ;    complete 
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Fig.   17. — Demagnetization  curve  obtained  from  the  experi- 
mental ring  magnet  as  a  test-piece. 

experimental  data  being  obtained  as  to  flux  in  the 
steel,  variation  of  flux  density  along  the  length  of  the 
magnet,  and  flux  traversing  the  air-gap.  For  this 
purpose  a  movable  search  coil  had  been  linked  with 
the  magnet,  the  brass  straps  and  their  screw  adjust- 
ments having  been  so  arranged  that  the  movable  coil 
could  slide  freely  round  the  ring  between  the  neutral 
section  and  the  air-gap.  Other  search  coils  were  pro- 
vided which  could  be  inserted  in,  and  withdrawn  from, 
the  air-gap  to  measure  the  flux  there.  Observational 
data  were  obtained  with  the  air-gap  adjusted  to  a 
number  of  difierent  widths  from  zero  up  to  the  limiting 
width. 

Predetermination  was  carried  out  both  by  the  ap- 
proximate method  of  the  ratio  equation  and  by  step- 
by-step  integration.  In  the  absence  of  previous 
experience  of  ring-shaped  magnets,  the  basis  on  which 
to  estimate  leakage  conductances  required  careful 
consideration.  As  a  preliminary,  Unes  of  force  were 
sketched,  freehand,  on  a  drawing  of  the  ring,  as  shown 
in  Fig.  19,  to  serve  as  a  mental  aid.  The  length  of 
the  steel   ring  being   25-3   cm.,   and   the   perimeter  of 
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the    section    3:6    cm.,    making    the    \irtual    diameter       two    corresponding    zones    might    be    regarded    as    ele- 


D=_i-i4  cm.,  the  dimension  ratio  L/D  is  about  22, 
and  the  conductance  factor  of  an  elhpsoid  of  the  same 
ratio  being  i  •  1 1  it  might  be  assumed  that  round  about 

60 
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mentary  zones  in  two  parallel  cylinders  tangential  to 
the  magnetic  axis  of  the  ring.  Reckoned  in  this  way 
the  value  of  q  at  ss  was  found  to  be  i-i8,  this  figure 
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Fig.  18. — Cur\-e  derived  from  Fig.  17,  showing  the  relation  between  the  ratio  i3l<j>  and  the 
surplus  motive  force  </),  for  the  steel  of  the  ring  magnet. 


the  neutral  section  of  the  ring  magnet  5  =  1-11  would 
be  approximately  correct.  On  the  other  hand,  reckon- 
ing by  the  spherical  pole  formula  5  =  1-13.     Assuming 


Fig.   19. — The  ring  magnet  with  lines  of  force  sketched  in 
.    as  a  guide  in  choosing  methods  for  reckoning  conduct- 
ance factors.     Length  of  magnet  23  3  cm.,  section  area 
0-761  square  cm. 

either  value  to  be  taken,  the  question  was  how  far 
round  the  ring  on  each  side  of  the  neutral  section  q 
might  be  treated  as  roughly  constant.  A  convenient 
criterion  was  found  in  the  value  of  q  for  the  opposite 
points  .5  5  (Fig.  19)  half-way  round  the  ring.  Here 
Vol.  58. 


being  based  on  the  assumption  that  the  elementary 
leakage  path  is  in  a  plane  normal  to  the  axes  of  the 
two  cylinders,  and  that  the  boundaries  of  the  path 
are  parallel  surfaces.  Neither  assumption  is  justified 
in  the  present  case  because  owing  to  the  transverse 
pressure  *  created  by  the  strong  field  in  the  neighbour- 
hood of  the  air-gap,  the  path  between  the  zones  s  s 
is  not  only  curved  but  compressed  at  the  same  time, 
and  the  increase  in  length  and  decrease  in  sectional 
area  must  somewhat  diminish  the  conductance.  Hence, 
it  seemed  clear  that  for  two  zones  half-way  round  the 
ring  q  would  be  something  less  than  1-18,  and  it  might 
safely  be  assumed  that  anjrwhere  between  the  neutral 
section  and  the  half-way  points  q  would  have  some 
reasonably  constant  value  Iving  between  i  •  1 1  and 
i-i8. 

The  conductance  of  the  fringe  paths  in  the  neighbour- 
hood of  the  air-gap  was  ne.xt  considered.  Using  the 
formula  q  =  2  7r/((>  -f  z),  given  in  the  Appendix,  a  number 
of  values  were  calculated  for  gradually  increasing 
distances  from  the  air-gap.  The  magnitude  of  q  falls 
off  with  great  rapidity  according  to  a  law  of  h3rperbolic 
type  as  the  distance  from  the  gap  increases,  and  it 
was  found  that  for  the  half-way  points  S5  the  fringe 
formula  made  5  =  1-  00.  Assuming  the  fringe  formula 
to  be  applicable  so  far  from  the  air-gap,  four  values 
for  the  conductance  factor,  anywhere  round  the  ring 
not  too  close  to  the  air-gap,  had  now  been  obtained 
by  different  methods,  namely  i-ii,  1-13,  i-i8  and 
I- 00,  the  average  value  being  5  =  1-10.  To  err  on 
the  safe  side  the  spherical  pole  value,  5  =  1-13,  was 
taken  as  the  basis  for  reckoning  the   conductance   of 

•  Clerk  M.xxwell,  loc.  cit.  vol.  i,  art.  624,  where  the  effect  is  hkencd  to 
'•  hydrostatic  pressure." 
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leakage  paths  between  pairs  of  zones  round  the  ring, 
beginning  with  those  adjacent  to  the  neutral  section 
and  ending  at  zones  8  cm.  on  either  side  of  it.  At 
this  distance  it  was  found  that,  the  conductance  factor 
reckoned  from  the  fringe  formula  also  had  the  value 
1-13,  so  that  by  taking  fringe  formula  values  for  q 
from  the  8  cm.  points  round  to  the  air-gap,  the  varia- 
tion of  the  conductance  factor  round  the  ring  was 
made  to  take  place  without  a  break  ;  being  constant 
from  the  neutral  section  to  the  8  cm.  distance,  and 
varying  according  to  the  law  of  the  fringe  foiTnula 
from  there  to  the  air-gap. 

The  steps  taken  to  arrive  at  an  estimate  for  the 
conductance  factor  at  any  point  round  the  ring 
magnet,  have  been  described  at  length  because  the 
procedure  illustrates  very  well  the  nature  of  the  artifices 
which  must  often  be  resorted  to  in  cases  of  doubt. 
It  may  be  remarked  that  the  ring  magnet  is  by  far 
the  most  troublesome  case  the  author  has  come  across 
so   far,    not   merely   because   there   was   no   convenient 

Table  4. 


Terminal  Flux 

I 

1 

ESective  Width 

Percentage 
Discrepancy 

of  Air-gap 
(cm.) 

^^frSSr4'/     Observed  value 

zero 

8  600 

_ 

0 • 00635 

•    7  820 

7970 

1-9 

0-0312 

5  920           1          5  730 

>-«-3.3 

0 • 0968 

3  860 

3812 

1-2 

0-148 

2  830 

2938 

3-7 

0-2II 

2  230 

2395 

7-0 

0-268 

I  S90 

2  050 

7-8 

Experiment 

al  ring   magnet.     Comparis 

on    between 

terminal  flux 

predetermined    by    the    rat 

io  equation 

and  the  sam 

5  quantitv  observed  by  seal 

xh  coil  and 

galvanometer 

Average  discrepancy  4  •  i 

per  cent. 

formula  for  q  which  could  be  applied  to  a  ring,  but  also 
because  the  conductance  factor  varies  in  magnitude 
over  such  a  wide  range  when  pole-pieces  or  their  equiva- 
lent are  entirely  absent,  a  difficulty  to  which  attention 
has  already  been  drawn. 

Once  the  question  of  the  methods  to  be  adopted  in 
estimating  conductance  factors  had  been  settled,  the 
rest  was  solely  a  matter  of  simple  arithmetic — and 
patience.  Curves  having  been  drawn  giving  q  in  terms 
of  X,  the  distance  from  the  neutral  section,  for  various 
widths   of   air-gap,   the   area   of   the   curv'es    (measured 

by  planimeter)    gave    the  integral      qdx  ;     that    is    to 

say  the  aggregate  conductance  h^  from  one  limb  of 
the  magnet  to  the  other.  The  conductance  of  the 
air-gap  was  reckoned  on  the  assumption  that  the  ratio 
area  divided  by  gap-width  represents  the  true  value 
nearly  enough.  This  ratio  was  therefore  treated  as 
the  conductance  A-„  of  the  path  traversed  by  the  useful 
flux,  a  quantity  which  in  the  pr-esent  case  is  the  same 
as  the  terminal  flux.     The  terminal  potential  difference 


for  each  of  six  widths  of  air-gap  was  then  ascertained 
by  means  of   the   ratio   equation  : 

i8      L 


^ 


'  (*ii  -t  a Ic 


In  the  absence  of  any  knowledge  of  the  precise  value 
of  the  coefficient  of  Icc  it  was  assumed  that  a  =  J,  the 
value  it  has  in  an  ellipsoid.  Having  determined  ^j<p 
from  the  known  dimensions  L  and  A,  and  estimated 
conductances  A-„  and  A'^,  the  estimated  value  <f>a  for 
the  average  surplus  force  was  obtained  from  the  derived 
curve  given  in  Fig.  18,  and  in  this  way  the  value  of 
the  terminal  potential  difference  was  ascertained.  The 
quantity  to  be  predetermined,  namely,  the  terminal 
flux,  or  useful  flux,  which  passes  from  one  end  face 
to  the  other  across  the  air-gap,  is  of  course  0aLA-„. 
In  this  way  a  number  of  corresponding  values  of  width 
of  air-gap  and  terminal  flux  were  predetermined,  for 
comparison  with  the  values  obtained  experimentally. 
The  comparative  figures  and  percentage  discrepancies 
are  given  in  Table  4, 

These   comparisons   are   rather   favourable    examples 


Fig.  20. — Predetermination  of  ring  magnet  by  step-by-step 
integration.  Method  of  subdivision  into  12  pairs  of 
leakage  zones  i  cm.  in  length.  6  pairs  01  cm.,  and  one 
pair  005    cm.  in   length.     Width  of   air-gap  0148  cm. 

of  forecasts  made  by  means  of  the  ratio  equation, 
the  discrepancy  more  often  being  over  than  under 
5  per  cent.  The  large  discrepancies  in  the  two  last 
lines  in  the  table  are  partly  accounted  for  by  the  error 
involved  in  the  assumption  that  the  conductance  of 
an  air-gap  is  equal  to  the  ratio  area  /  width  ;  in  other 
words,  that  the  lines  of  force  in  an  air-gap  are  straight 
lines  parallel  with  the  axis.  Towards  the  boundaries 
of  an  air-gap  the  lines  of  force  have  a  considerable 
curvature,  and  if  a  rough  correction  for  curvature  is 
made  in  the  present  case  the  discrepancies  referred  to 
would  be  reduced  to  about  4-0  per  cent  and  4-5  per 
cent  respectively.  The  error  arising  in  this  way  rapidly 
diminishes  in  importance  as  the  width  of  air-gap 
decreases. 

For  a  more  precise  comparison,  a  forecast  was  made 
by  the  method  of  integration,  taking  as  an  example 
an  air-gap  width  of  0-148  cm.  For  this  purpose  the 
magnet  Hmb,  of  length  12-65  cm.,  was  divided  into 
12  equal  zones  of  i  cm.  each,  beginning  at  the  neutral 
section  (see  Fig.  20),  followed  by  6  zones  of  o-io  cm. 
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each,  and  ending  with  a  zone  0-05  cm.  in  width.  These 
very  short  zones  near  the  air-gap  were  rendered  neces- 
sary by  the  extremely  rapid  increase  in  q  in  the  last 
few  centimetres  ;  but  i  cm.  "zones  over  the  greater 
part  of  the  limb  were  only  adopted  for  arithmetical 
convenience,  and  they  might  well  have  been  two,  or 
even  three  or  four  cms.  in  length,  so  far  as  accuracj' 
of  forecast  was  concerned.  With  this  sub-division 
and  making  use  of  the  values  for  q  already  ascertained, 
three  integrations  were  carried  out,  ^  being  read  from 
the  demagnetization  curve  given  in  Fig.  17.  The 
choice  of  an  initial  value  for  ^j  was  made  by  noting 
first  that  the  flux  density  corresponding  with  the  average 
surplus  force  (already  estimated  by  the  ratio  equation) 
was  about  9,900  ;  and  next,  that  the  maximum  reman- 
ent density  (Fig.  17)  was  11,300.  It  was  plain  that 
the  density  at  the  neutral  section  must  fall  somewhere 
between  these  two  values  and,  since  it  is  always  good 


would  be  10,770  and  the  terminal  potential  difference 
573.  Hence,  the  terminal  flux,  which  is,  of  course, 
A-/Vj,  would  be  5-14x573=2,945  lines.  In  Table  6 
these  predetermined  values  are  set  alongside  the  corre- 
sponding quantities  ascertained  experimentally  by 
search  coil  and  galvanometer.  Terminal  potential 
difference  was,  however,  not  directly  observed,  the 
experimental  value  given  in  the  table  having  been 
computed  by  first  deriving  a  curve  for  surplus  force 
from  the  observed  variation  in  flux  density  along  the 
magnet,  and  then  integrating  the  curve  so  obtained 
by  a  planimeter.  Hence,  the  tabular  figure  for  "  ob- 
served" terminal  potential  difference  includes  all  the 
errors  inherent  in  the  roundabout  process  by  which 
it  was  ascertained,  in  addition  to  observational  errors.* 
Notwithstanding  the  difficulty  of  estimating  the 
conductance  of  leakage  paths  in  the  case  of  a  magnet 
of   ring   shape,    accentuated    by   the   absence   of    pole- 


Table  5. 


Serial  Number  of  Integration 


jSi,  or  flux  density  at  neutral  section,  denoted  by  :  /S' ,  ^"  and  jS^" 

Terminal  flux,  B'.  B"  and  B'"  

Terminal  potential  difference,  V,  \'"  and  V" 

B'   B"  B'" 

Terrmnal  ratio,  ^r;.  ,t,,  and 


V"  V 


V" 


1 

3 

s 

ir  000 

10  750 

10  500 

4940 

2  820 

I  205 

399 

583 

709 

12-4 

4-84 

1-70 

Figures  resulting  from  three  step-by-step  integrations  along  the  limbs  of  the  ring  magnet  shown  in  Fig.  20. 
Length  of  steel  along  magnetic  axis,  25-3  cm. 

Width  of  section,   I -12  cm.     Thickness,  radial  to  the  ring,  0-679  cm. 
Sectional  area  of  steel,  0-761   sq.  cm. 

Distance  between  end  faces  of  magnet,  plus  equivalent  width  of  "  joint,"  *  0-148  cm.     Conductance  of  air- 
gap  reckoned  as  being  A-„  =0- 761/0- 148  =  5- 14. 


practice  to  begin  wdth  a  flux  density  on  the  high  side, 
ft'  =  1 1 ,000  was  chosen  as  the  starting  point  of  the 
first  integration.  This  resulted  in  a  terminal  ratio 
B'/V'  =  i2-4  as  compared  with  A-,  =  5-14  for  the  par- 
ticular width  of  air-gap.  The  second  integration  was 
therefore  carried  out  from  a  lower  initial  flux  density, 
namely  B  '  =  10,500.  This  having  resulted  in  too 
small  a  terminal  ratio,  namely  B'"/ V"  =  1-70,  the  third 
integration  was  started  from  ^"^  =  10,750.  The  figures 
obtained  from  these  three  integrations  are  given  in 
Table  5. 

The  tabular  figures  for  ^',  ^"  and  ^"'  and  the  corre- 
sponding terminal  ratios  B'/V,  B'/V  and  B"'/V"' 
having  been  plotted  as  co-ordinates,  the  graph  shown 
in  Fig.  21  was  drawn,  which  determines  the  flux  density 
at  the  neutral  section  corresponding  with  any  terminal 
ratio  or  terminal  conductance.  Similarly,  the  second 
graph  shown  in  the  figure  was  obtained  by  plotting 
the  three  tabular  potential  differences  V,  V  and  V" 
with  the  terminal  ratios  as  co-ordinates.  Inspection 
of  these  two  graphs  shows  that  for  an  air-gap  of  con- 
ductance 5-14  the  flu-x  density  at  the  neutral  section 

•  See  EWIXG,  loc.  cit.    cliap.  x,  §  162.  magnetic  resistance  of  joints. 


pieces,  the  agreement  between  the  values  predetermined 
by  the  method  of  integration  and  those  obtained  ex- 
perimentally is  exceedingly  close,  the  discrepancies 
being  well  within  the  limits  of  observational  error. 

Having  ascertained  the  flux  density  at  the  neutral 
section  by  means  of  the  three  integrations,  the  estimated 
value  so  determined,  namely  10,770,  was  used  as  the 
starting  point  of  a  fourth  integration  in  order  to  obtain 
intermediate  values  for  flux  density  and  potential 
difference  for  a  number  of  points  along  the  magnet 
limbs.  From  the  figures  so  obtained  the  curves  shown 
in  Fig.  22  have  been  drawn,  showing  the  gradual 
falling  off  in  flux  density  and  the  accumulation  of  surplus 
force  as  a  growing  potential  difference,  from  the  neutral 
section  to  the  end  of  the  magnet  ;  these  predetermined 
curves  relating  of  course  to  the  ring  magnet  with  an 
air-gap  of  width  0-148  cm.  and  estimated  conductance 
5-14.  In  this  diagram  the  experimental  values  for 
flu.x  density  obtained  by  sliding  the  movable  search 
coil  along  the  magnet,  are  shown  as  plotted  points, 
and    the    substantial    identity    of    predetermined    and 

♦  Magnetic  testing  would  be  much  less  diftlcult  than  it  is,  if  some  convenient 
and  universally  applicable  meaus  for  making  direct  measurements  of  majjuetic 
potential  diiferen.es  were  available  ;  the  magnetic  analogue  of  the  vo'tmetcr  is 
badlv  needed. 
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observed  values  is  apparent.  Fig.  22  forms  a  complete 
diagram  for  the  ring  magnet,  and  should  be  compared 
with  that  already  given  in  Fig.  12  for  an  ellipsoid 
magnet.     It    will    be    seen    that  -the    lack    of    uniform 
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Fig.  21. — Predetermination  of  ring  magnet.  Graphs  drawn 
through  points  plotted  from  the  data  given  in  Table  5, 
illustrating  the  method  used  for  determining  the  flux 
density  at  the  neutral  section  and  the  terminal  potential 
difference. 


density    entirely    changes    the    character   of   a    magnet 
diagram. 

The  experimental  proof  afforded  by  this  investigation 
goes  to  show  that  when  errors  arising  from  want  of 
identity  between  the  test  sample  of  steel  and  the  steel 
of  the  magnet  are  entirely  eliminated,  the  accuracy 
of    the    method    of    step-by-step    integration    is    much 


more  fairly  represent  what  happens  in  practice,  and 
the  persistence  with  which  realized  values  fall  a  little 
short  of  the  forecast,  points  to  the  magnets  in  bulk 
never  being  quite  equal  to  the  test  pieces  in  their 
magnetic  quality.  The  difference  is  not  great,  and  an 
addition  of  about  5  per  cent  to  the  terminal  flux  on 
which  design  and  predetermination  are   founded  would 


Fig.  22. — Magnet  diagram  predetermined  for  the  ring 
magnet  with  an  air-gap  0148  cm.  wide.  All  the 
curves  are  drawn  from  the  series  of  values  obtained  in 
the  course  of  step-by-step  integration  ;  the  centres  of 
the  small  circles  are  values  of  the  flux  obtained  experi- 
mentally by  means  of  a  sliding  search  coil  and  ballistic 
galvanometer. 

probably  more  than  compensate  for  the  average  want 
of  identity. 

(35)  Available  Energy  of  Magnet  Steel  compared 
WITH   THE   Energy   Output   of  Magnets. 

It  is  instructive  to  compare  the  energy  output  ob-. 
tained    from   a  permanent  magnet  with  the  maximum 


Table  6. 


Magnetic  Quantity  compared 


Value  pre-determined 

by  Step-by-step 

Integrations 


Flux  density  at  neutral  section 
Terminal  potential  difference 
Terminal  flux  .  . 


Ring  magnet   (Fig.   20).     Compari 


10  770 

573 

2  945 


Values  obtained  expeji- 

mentally  by  Search  Coil 

and  Galvanometer 


Percentage  Discrepancy 


10  680 

577* 
2  938 


0-85 
0-70 
0-24 


son  between  predetermined  and  observed  values  ;    predetermination  being 


carried  out  by  the  method  of  step-by-step  integration. 


more  than  sufficient  for  purposes  of  design  and  fore- 
cast. .  The  figures  given  in  Table  3  for  ordinary  magnets, 
predetermined  by  means  of  demagnetization  curves 
obtained  from  samples  of  steel  taken  from  the  bulk, 

*  This  figure  was  computed  from  the  observed  variation  in  flax  density.    ' 


amount  of  energy  which  the  same  volume  of  steel 
could  maintain  in  external  space  under  the  ideal  con- 
dition of  uniform  flux  density.  Comparative  figures 
for  the  four  magnets  which  have  been  taken  as  ex- 
amples of  predetermination  are  given  in  Table  7,  the 
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tabular  ligures  being  magnetic  energy  in  ergs.  The 
figure  for  the  maximum  possible  energy  from  the  given 
volume  of  steel  is,  of  course;  the  maximum  value  of 
P<f>  multiplied  bv  the  volume  of  the  magnet  and 
divided  by  Stt  ;  Puff's  being  taken  from  the  demagneti- 
zation curve  used  in  making  the  forecast  for  the  par- 
ticular magnet.  The  figures  for  the  output  of  the 
magnet  and  the  useful  energy  are  derived  from  the 
observed  quantities  obtained  by  search  coil  and  galvano- 
meter. Hence  the  comparison  is  one  between  what 
the  steel  might  do  under  ideal  conditions  and  what 
it  actually  does  in  practice.  The  proportion  the  actual 
output  bears  to  the  possible  output  naturally  increases 
with  the  power  of  the  magnet,  for  much  the  same 
reason  as  the  efficiency  of  dynamos  increases  with  their 
power,  but  the  high  proportion    attained  in  the   field 


part  in  settling  its  dimensions,'  and  the  ring  affords 
a  good  example  of  the  rule-of-thumb  magnet.  .The 
same  useful  energy  might  easily  have  been  obtained 
frona  a'  little  more  than  half  the  weight  of  steel,  if 
economy  had  been  aimed  at. 

(36)  The  Criterion  of  Magnetic  Quality  for 
Magnet  Steels. 

The  maintenance  of  a  certain  quantity  of  magnetic 
energ>'  in  space,  being  the  useful  function  of  every 
magnet,  the  available  *iergy  of  a  unit  volume  of 
magnet  steel  is  the  natural  criterion  of  merit.  In  an 
ordinary  magnet  of  uniform  sectional  area,  whether 
designed  for  economy  of  steel  or  not,  there  is  an  un- 
avoidable variation  in  flux  density  between  the  neutral 
section  and  the  ends.     The  total  external  energy  which 


Table  7. 

Total  Possible  External  Energy  which  might  be  maintained  by  the   Volume  of  Steel  in  a  Magnet,  compared  with 
the  Energy  actually  delivered  at  the  Ends  of  the  Magnet  and  the  Energy  utilized. 


Description  of  Magnet 

Effective 
Volume  of 

Steel  in 
the  Magnet, 
cubic  cm. 

Total  Possible 
Estemal  Energy 

^'*^%  volume 

Actual  Energy  deduced  from  the 
Observed  Flux 

Proportion  to 
M'.  Volume 

8-n- 

877 

ergs 

Delivered, 
ergs 

UtiUzed. 
ergs 

Delivered, 
per  cent 

utilized, 
per  cent 

Bent  magnet  with  pole-pieces.  Fig.  14    .  . 

Field    magnets  of    Megger    Testing   Set, 
Fig.    15      ..          ..          .. 

Field    magnets    of     magneto    generator. 
Fig.   16 

Ring  magnet;  air-gap  0-148  cm..  Fig.  20 

19-32 

214 

400 
19-25 

264  000 

2  810  000 

5  240  000 
234  100 

204  000 

2  481  000 

4  740  000 
67  000 

103  000 

I  291  000 

4  020  000 
67  000 

77 

88 

90 
28 

39 
46 

77 
28 

magnet  of  the  magneto  generator  (Fig.  16)  is  not  entirely 
the  result  of  increased  size.  Something  must  be  credited 
to  the  essentially  economical  nature  of  the  design, 
which  by  reducing  leakage  irom  the  magnet  limbs  to 
a  relatively  insignificant  amount,  brought  the  un- 
avoidable variation  in  flux  density  in  the  steel  (above 
and  below  the  economic  value  j8«^<)  within  a  very 
narrow  range,  and  in  that  way  a  remarkably  close 
approach  to  the  economy  of  an  ideal  magnet  has  been 
reached.  The  httle  bent  magnet  (Fig.  14)  was  de- 
signed with  equal  care  for  economy  of  steel,  but  in 
this  example  the  pole-pieces,  which  constitute  the 
apparatus  with  which  the  magnet  is  used,  waste  in 
leakage  nearly  half  the  energy  delivered  by  the  magnet. 
The  ring  magnet  (Fig.  20)  was  made  of  convenient 
dimensions  for  carrying  out  the  initial  ballistic  gal- 
vanometer tests  upon  it  in  its  capacity  as  the  test- 
piece  from  which  the  demagnetization  curve  was  to 
be   obtained.     Economy   of   steel   therefore   played   no 


the  volume  of  steel  in  the  magnet  can  maintain  is  equal 
to  the  volume  integral  of  ^<p.  and  hence,  as  the  steel 
is   used   in   an   ordinary   magnet,    the   mean   available 


energj^  per  cubic  cm.  would    be 


1  j)i>dv. 


But     to 


take  the  mean  available  energ\'  over  some  specified 
range  of  variation  in  flux  density'  as  the  criterion  of 
merit  for  magnet  steel,  presupposes  the  range  of  varia- 
tion in  density  to  be  the  same  in  all  magnets  ;  whereas 
in  practice  the  range  of  values  necessarily  varies  widely 
according  to  the  requirements  as  to  terminal  flux  and 
potential  difference.  Hence  as  a  criterion,  the  mean 
available  energy  could  never  be  a  standard  of  universal 
application.  The  only  practicable  alternative  as  a 
criterion  of  merit  for  magnet  steel  is  the  maximum 
value  of  the  energy  product,  ^ei's',  and  as  a  standard, 
the  maximum  product  has  the  great  advantage  of  being 
a    precisely   defined    and   easily   measurable   quantity. 
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It  is,  moreover,  the  key  to  economic  design  as  we 
have  already  seen,  representing  the  best  that  can  be 
done  with  the  steel  under  the  most  favourable  condi- 
tions. 

Figures  for  j3c<^e/ (Stt),  the  maximum  available 
energy  in  ergs  per  cubic  cm.,  are  given  in  Table  8  for 
a  number  of  different  kinds  of  iron  and  steel.  Iron 
has  been  included,  to  mark  the  contrast  with  carbon 
steels  as  regards  available  energy.  The  addition  of 
so  little  as  0-7  per  cent  of  carbon  to  iron  immensely 
increases  the  surplus  magnetomotive  force — the  result, 
as  we  suppose,  of  a  gathering  together  of  magnetic 
molecules  into  concentrated  groups — and  the  further 
addition  of  tungsten  brings  about  another  large  increase 
in  surplus  motive  force  and  available  energy.  The 
recent  discovery  by  Professor  Honda  of  an  iron-cobalt- 
carbon-chromium  steel  which  is  stated  to  have  a  coercive 
force  of  about  200,  is  a  very  notable  advance  in  the 
same  direction.*  On  the  assumption  that  the  maxi- 
mum equivalent  current,  siN,  in  the  new  steel  does  not 
fall  very  far  short  of  that  in  iron,  namely  about  17,000 

Table  8. 

Maximum   External   Magnetic   Energy  per   Cubic    Cm., 
Beiel  {&tt),  for    Various   Kinds  of  Iron  and  Steel. 


Ma.ximura 

Energy,  in 

Coercive 

Material 

Condition 

Ergs  per  c.c. 

Force 

a- 

Lowmoor  iron  . . 

annealed 

183 

2 

Mild  steel 

hardened 

970 

7 

Pianoforte  steel 

hardened 

5  600 

41 

Silver  steel 

rolled 

2  500 

18 

Silver  steel 

hardened 

7900 

68 

Tungsten  steel :  {carbon 
o- 7%,  tungsten  5%) 

f 

annealed 
rolled 
hardened  f 

3900 

5300 

13  100 

18 
28 
67 

amperes  per  cm.,  it  may  be  anticipated  that  with  a 
coercive  force  of  200  the  maximum  value  of  ^(f> 
will  be  something  like  twice  that  of  good  tungsten 
magnet  steel.  If  that  should  turn  out  to  be  the  case,  a 
magnet  of  the  new  steel  would  have  less  than  half  the 
volume  of  a  tungsten  steel  magnet  for  the  same  useful 
energy  ;  and  since  it  appears  that  the  improvement 
is  one  of  increased  surplus  motive  force,  the  saving 
in  volume  would  be  made  by  a  reduction  in  length 
to  about  half  the  length  of  a  tungsten  steel  magnet 
of  the  same  power. 

Up  to  the  present  time  iron  has  fomied  the  basic 
material  for  permanent  magnets  and  improvement  has 
in  every  instance  consisted  in  some  modification  of 
molecular  structure  which  has,  in  effect,  increased 
the  surplus  magnetomotive  force.  On  the  view  ad- 
vanced in  the  first  part  of  this  paper  it  is  not  possible 
for  a  magnetic  substance  to  maintain  energy  in  external 

•  See    British  Patent    No.   Ii8,to2  granted    to   Sumitomo  ChulMsllo,    Ltd., 
Osaka,  Japan. 
t  Test-piece  B  32.  J  i  (see  Fig.  8). 


space  in  the  absence  of  those  bonds  of  mutual  induction 
by  which  individual  oriented  groups  of  magnetic  mole- 
cules hold  themselves  together  and  preserve  their 
oriented  state.  Hence,  on  that  hypothesis,  the  modi- 
fications in  molecular  structure  which  result  from  the 
introduction  of  carbon  and  other  things  must  consist 
in  some  kind  of  gathering  together  of  magnetic  molecules 
into  groups  more  or  less  independent  of  neighbouring 
groups  ;  a  variation  in  structure  which  cannot  go  on 
bevond  a  certain  point,  because  there  is  an  obvious 
limitation  to  the  possible  amount  of  shrinkage  in  the 
spacing  of  the  molecules  in  the  group. 

But  although  it  has  been  natural  in  the  past  to 
make  use  of  the  metals  which  in  the  normal  state 
possess  powerful  inherent  magnetomotive  forces,  the 
choice  of  material  for  permanent  magnets  is  not  neces- 
sarily so  restricted.  According  to  present  notions 
every  atom  must  be  potentially  magnetic,  and  it  may 
be  that  future  discovery  will  result  in  the  conversion 
of  a  so-called  non-magnetic  element  into  a  magnetizable 
substance  in  which  the  effective  molecular  currents  will 
surpass  those  of  iron  in  their  strength.  That  this  is 
no  great  stretch  of  imagination  is  demonstrated  by 
Heusler's  alloy  of  the  typically  non-magnetic  metals, 
copper  and  aluminium,  with  manganese.  The  alloy 
is  strongly  magnetic,  the  magnetomotive  force  of  the 
magnetic  molecules,  when  they  have  been  oriented  by 
an  extraneous  field  of  100  lines,  being  about  one-seventh 
that  of  iron  molecules  under  the  same  condition. 

(37)  Summary  and  Conclusion. 

In  a  lengthy  paper  dealing  with  a  many-sided  subject, 
the  thread  of  logical  sequence  is  none  too  easily  fol- 
lowed and  a  brief  summary  will  not  come  amiss. 
Throughout  the  paper  the  underlying  purpose  has  been 
to  gain  a  clearer  view  of  fundamental  matters  and  to 
build  up  a  theory  of  the  permanent  magnet  consistent 
with  present-day  knowledge,  and  readily  applicable 
to  the  practical  problems  of  design  and  predeter- 
mination. 

Looking  through  Ampere's  microscope  at  what  is 
going  on  inside  the  magnet,  we  have,  in  Maxwell's 
phrase,  found  nothing  but  electric  circuits  carrying 
permanent  currents  ;  nothing  but  a  mass  of  current 
rings.  We  have  seen  that  when  the  current  rings 
have  been  oriented  to  an  effective  angle  6,  the  mass 
has  a  magnetomotive  force  equal  to  ^nstNsind 
per  cm.  of  length  measured  in  the  direction  of  orienta- 
tion. In  the  light  of  Ewing's  theory  of  the  interplay 
of  the  forces  of  magnetic  attraction  which  neighbouring 
magnetic  molecules  exert  on  each  other,  we  next  turned 
our  attention  to  the  different  torques  acting  on  the 
average  current  ring.  In  that  way  it  was  recognized 
that  stable  equilibrium  of  the  system  of  current  rings 
as  a  permanently  magnetized  or,  rather,  oriented  mass, 
implied  the  existence  of  secondary  torques,  independent 
of  the  torque  arising  from  the  general  magnetic  field 
or  induction  ^  which  is  created  by  the  motive  force 
477  s  I  N  sin  9.  Now,  for  the  creation  of  a  secondary 
torque,  a  secondary  magnetic  field  must  be  present  ; 
a  field  which  the  current  rings  must  somehow  be  capable 
of  producing.  But  with  perfect  uniformity  of  spacing 
between  current  rings  in  the  miass,  no  secondary  fields 
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are  possible  ;    the  only  magnetic  fields  in  such  a  system 
being  the   self-induction  field  of  each  individual  ring, 
a  field  which  moves  with  the  current  ring  and  is,  there-    i 
fore,   incapable  of  creating  a   torque,   and  tha  general    ' 
magnetic  field  or  induction  ^   which  creates  a  torque 
BsicosO.       With  uniform    spacing,   in   short,   there  are 
no   vacant,    or    partially    vacant,    regions   available    as   ^ 
local  paths  for  a  secondary  magnetic   flux.     Hence  it   \ 
was    clear    that    secondary    fields    for    the    creation    of   j 
secondary  torques  could  only  arise  as  the  consequence 
of    some    want   of    imiformity    in    the    distribution    of 
current  rings.     A  little   consideration  showed   that   if, 
in  place  of  uniformity  of  spacing,  the  current  rings  were 
supposed   to   be   gathered   together   into   more   or   less 
detached  and  independent  groups,  the  mutual  induction 
of    each    gathering,    each    concentrated    group,    would 
constitute  an   independent  secondary  field,   giving  rise 
to  secondarv  torques  acting  on  the  individual  current 
rings  belonging  to  the  group.     Here,  then,  is  to  be  found 
that   independent   secondary   torque   which   alone   can 
provide  the  margin  of  stabihty  in  equilibrium  on  which 
permanent  magnetism  depends  for  its  existence  ;    the 
secondary   torque   which   has   been   referred   to   as   the 
group  torque. 

We  then  went  on  to  examine,  as  well  as  we  were 
able,  the  complex  nature  of  the  balance  between  the 
torque  arising  from  the  induction  ^  and  the  secondary' 
or  group  torques  which  arise  from  the  mutual  induction 
field  of  concentrated  groups,  both  in  their  primitive 
self-contained  state  and  in  their  oriented  condition  ; 
an  examination  which  showed  how  small  the  margin 
of  stability  actually  is  in  oriented  iron,  and  even  in 
oriented  hardened  steel.  At  the  same  time  another 
inference  was  drawn,  namely  that  in  coercive  force 
we  have  a  rough  indicator  of  the  degree  of  concentra- 
tion into  independent  groups,  an  indicator  of  the 
strength  of  the  bond  of  mutual  induction  by  which 
the  current  rings  in  a  group  hold  themselves  together 
when  in  the  oriented  state.  Without  that  gathering 
together,  and  without  the  resulting  capacity  to  create 
those  secondary  torques  by  which  the  current  rings 
are  able  to  resist  forces  tending  to  destroy  their  orienta- 
tion, coercive  force  would  be  non-existent. 

The  next  step,  since  it  was  intended  to  treat  the 
permanent  magnet  as  a  magnetic  circuit,  was  to  con- 
sider the  relations  between  magnetomotive  force, 
reluctance,  and  magnetic  flux  in  a  complete  flux  tube. 
It  was  shown  that  provided  the  complexity  arising  j 
from  the  interdependence  of  orientation  angle,  motive 
force,  induction,  and  group  torque,  was  duly  taken 
into  account,  the  principle  of  Ohm's  law  could  be 
applied  to  the  magnetic  circuit  ;  and  the  origin  of  the 
potential  difference  which  maintains  the  flux  in  the  inert 
part  of  the  circuit  (the  part  containing  no  inherent 
motive  force)  was  found  inside  the  mass  of  current 
rings  ;  just  as  the  source  of  the  potential  difference 
between  the  ends  of  an  inert  resistance  in  an  electric 
circuit  lies  inside  the  battery  or  other  generator.  The 
sanie  principle  applies  in  both  cases :  Everywhere 
inside  the  generating  part  of  what  has  been  referred 
to  for  convenience  as  an  extended  circuit,  there  is  a 
motive  force  in  excess  of  what  is  needed  there  to  main- 
tain the  flux  or  current ;    and  the  accumulation  of  this 


unexpended  excess,  or  surplus  motive  force,  becomes 
avaUable  outside  the  generating  part  of  the  circuit  as 
a  potential  difference  acting  on  the  external  part  of 
the  circuit,  being  expended  there  in  maintaining  the 
flux  or  the  current,  in  the  inert  reluctance  or  resis- 
tance. 

The  condition  which  gives  rise  to  a  surplus  magneto- 
motive force  being  the  diminution  of  flux  caused  by 
the  addition  of  inert  reluctance,  it  was  shown  that 
the  surplus  motive  force  set  free  in  this  way  must 
necessarily  be  equal  in  magnitude  to  the  extraneous 
motive  force  which  would  be  required  to  diminish  the 
flux  to  the  same  extent  in  a  self-absorbed  circuit ;  that 
is  to  say  in  a  circuit  containing  no  external  reluctance. 
And  on  this  numerical  equivalence  the  predetermination 
of  permanent  magnets  is  founded. 

The  foregoing  considerations  lead  us  to  regard  surplus 
magnetomotive  force,  and  its  origin  inside  the  steel, 
as  the  kev  to  an  understanding  of  the  way  a  permanent 
magnet  w-orks  ;  the  surplus  motive  force  <p  being  that 
part  of  the  inherent  magnetomotive  force  generated 
by  I  cm.  length  of  oriented  steel,  which  enables  a 
magnet  to  maintain  a  magnetic  field  in  external  space. 
Surplus  motive  force  is  therefore  one  of  the  factors 
of  the  external  energy  maintained  by  a  unit  cube  of 
magnetized  steel,  the  force  factor,  and  it  might  be 
so  defined. 

In  the  second  part  of  the  paper  the  two  fundamental 

equations    of    the    permanent    magnet    were    obtained, 

namely  the    energy   equation    BV=j3^.LA    and   the 

8     L 
ratio  equation  x  =  r  (*u  +  ^>  r  a  Ac) .    This  was  followed 
Y*      A 

by  a  discussion  of  the  ellipsoid  magnet,  an  example 
from  which  a  useful  formula  was  derived  for  estimaring 
leakage  conductance  between  the  limbs  of  permanent 
magnets.  Finally,  the  basis  for  economic  design  was 
indicated  and  alternative  methods  were  described  in 
detail  for  predetermining  the  two  factors  of  the  energy' 
output  of  a  permanent  magnet,  terminal  flux  and 
potential  difference  ;  each  method  being  illustrated  by 
examples  from  the  author's  practice. 

In  conclusion  we  may  hark  back  once  more  to  the 
property  possessed  by  a  mass  of  oriented  magnetic  mole- 
cules, which  enables  a  permanent  magnet  to  maintain 
a  magnetic  field  in  external  space.  In  an  ideal  magnet 
of  uniform  flux  density,  having  a  length  L  and  forming 
part  of  a  complete  flux  tube,  the  total  magnetomotive 
force  4  7rsiNsin^.L  acting  in  the  flux  tube  or  circuit 
may  be  regarded  as  made  up  of  the  sum  of  two  terms 
/L  and  ^L.  Each  has  its  allotted  task;  /L  being 
expended  in  maintaining  the  flux  inside  the  steel, 
and  ^L  being  available  for  expenditure  in  the  inert 
reluctance  which  completes  the  flux  tube  outside  the 
magnet.  This  division  into  two  portions  may  be 
carried  one  stage  further  back,  and  in  imagination  we 
may  see  the  orientation  angle  6  made  up  of  the  addition 
of  two  angles  6/  and  0^,  so  that  the  total  magneto- 
motive force  might  be  written  4775  i  Nsin  (^/+ 6^)  L. 
Here  the  orientation  6/  gives  the  mass  of  current  rings 
sufficient  motive  force  (and  no  more)  to  maintain  the 
flux  in  the  steel,  and  9^  is  an  additional  deflection 
beyond  that  orientation  :  a  superposed  deflection 
which  is  brought  about  by  the  torque  created  by  the 
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secondary  field  arising  from  tlie  mutual  induction  of 
the  concentrated  groups.  In  other  words,  the  orienta- 
tion  angle  of  the  average  current  ring  in  the  oriented 
mass  is  in  excess  of  what  is  needed  to  maintain  the 
flux  in  the  compartment  of  space  occupied  by  the 
magnetic  molecule  which  the  current  ring  represents, 
and  since  the  excess  in  orientation  angle  is  brought 
about  by  the  local  or  mutual  induction  field  of  the  group, 
the  group  torque  may  be  regarded  as  compelling  the 
individual  current  ring  to  generate  a  surplus  magneto- 
motive force  by  holding  it  at  an  angle  which  it  could 
not  otherwise  maintain.  In  this  way,  the  source  of 
the  factor^  in  the  energy  product  jS^  is  finally  traced 
back  to  the  action  of  the  local  field  of  the  concentrated 
group,  on  the  individual  current  rings  which  form 
the  group.  But  local  fields  of  mutual  induction  capable 
of  acting  in  that  way  require  vacant  spaces  for  their 
propagation,  and  they  can  only  come  into  existence  as 
the  result  of  some  'departure  froni  uniformity  which 
leaves  suitable  local  regions  of  space  more  or  less  free 
for  them. 

Hence  the  gathering  together  of  molecules  of  equal 
magnetic  moment  into  concentrated  groups,  need  not 
be  regarded  as  the  sole  possible  mode  of  departure 
from  uniformity  which  will  endow  the  mass  with  the 
necessary  power  to  form  local  bonds  of  mutual  in- 
duction. Any  kind  of  molecular  variformiiy  which,  in 
effect,  brought  about  an  unequal  distribution  of  the 
elementary  magnetomotive  forces,  would  give  rise  to 
a  similar  state  of  things.  And  in  view  of  the  fact  that 
iron  is  found  to  possess  an  increased  ability  to  main- 
tain it-self  in  a  partially  oriented  state  when  carbon 
and  other  non-magnetic  substances  have  been  introduced, 
it  seems  by  no  means  unlikely  that  the  necessary  de- 
parture from  uniformity  may  consist  in  the  congregation, 
in  one  mass,  of  equally  spaced  molecules  possessing 
unequal  '  magnetic  moments  ;  some  stronger,  some 
weaker,  than  the  average.  As  a  limiting  case,  we  may 
imagine  the  presence  of  non-magnetic  inolecules  dis- 
tributed throughout  a  mass  of  magnetic  molecules.  Such 
an  arrangement  would  provide  magnetically  vacant 
spaces  for  the  propagation  of  local  fields  of  mutual 
induction,  in  much  the  same  way  as  the  concentrated 
groups  which  we  have  taken  as  a  simple  example  of 
variformity. 

As  a  corollary  to  Ewing's  theory,  the  hypothesis  of 
molecular  variformity  appears  to  be  necessary  to 
account  for  the  facts  and  even  for  the  very  existence 
of  permanent  magnetism.  It  stands  or  falls  with  that 
theory  of  course,  but  as  a  tentative  explanation  of  the 
ability  of  a  permanent  magnet-  to  maintain  a  magnetic 
field  in  external  space,  it  may  serve  a  useful  purpose 
in  guiding  our  thoughts  until  an  ampler  knowledge 
of  the  world  of  atoms  gives  us  something  better. 

[Note. — The  detailed  verifications  of  the  experimental 
ring  magnet  (Fig.  20)  and  the  bent  magnet  (Fig.  14) 
were  made  by  Mr.  Finnis  in  the  experimental  laboratory 
at  Acton-lane  Works.  The  two  magnets.  Figs.  15  and 
16,  were  verified  by  tests  carried  out  in  the  Works 
by  Mr.  Clark  and  Mr.  Baker.  In  addition,  a  very 
large  amount  of  unrecorded  experimental  work  has 
been  necessary  in  connection  with  the  present  paper, 
much  of  it  consisting  in  the  investigation  of  various 


troublesome  side  issues  which  could  not  be  left  un- 
explored. The  whole  of  this  work  has  been  carried 
out  by, Mr.  Finnis  with  his  accustomed  skill.  On  the 
practical  side  the  author  Jias  taken  advantage  of  friendly 
offers  of  help  from  various  sources  ;  acknowledgment 
of  these  will  find  its  due  place  in  the  succeeding  paper 
treating  of  permanent  magnets  in  the  making.] 


APPENDIX. 

On  the  Estimation  of  Magnetic  Conductanxe. 

The  value  of  any  magnetic  conductance  or  reluctance 
depends,  of  course,  on  the  shape  and  dimensions  of 
the  path  or  flux  tube  ;  and  since  the  shape  of  the  flux 
tube  is  that  assumed  by  the  lines  of  force  which  form 
its  boundaries  a  strict  detennination  of  conductance, 
based  on  first  principles,  should  begin  by  deducing 
the  configuration  of  the  lines  of  force  from  the  pro- 
perties of  the  magnetic  medium.  But  the  problem  so 
stated  has  not  been  solved,  and  our  notions  about 
the  configuration  of  lines  of  force  in  magnetic  fields 
have  been  derived  partly  from  the  calculable  effect  of 
hypothetical  magnetic  poles,  acting  at  distant  points 
in  space  without  the  intervention  of  a  transmitting 
medium,  and  partly  from  the  visible  behaviour  of  iron 
[  filings  in  a  magnetic  field  and  the  tracing  of  lines  of 
1  force  by  means  of  a  compass  needle.  In  these  ways, 
aided  by  prolonged  experience,  we  have  acquired  a 
general  knowledge  of  the  way  lines  of  force  will  go, 
and  the  formulae  used  for  estimating  magnetic  conduct- 
ance are  based  on  the  assumption  that  artificial  lines 
of  simple  geometrical  forms  may  be  substituted  for 
the  actual  lines  of  force  which  follow  complicated  laws 
of  curvature,  provided  the  form  of  the  artificial  lines 
bears  some  sort  of  resemblance  to  the  actual  con- 
figuration of  the  magnetic  field.  On  the  principle  of 
maximum  energy,  a  magnetic  field  naturally  arranges 
itself  for  maximum  conductance,  and  hence  the  substi- 
tution of  artificial  lines  of  force,  which  tends  to  introduce 
unnatural  restrictions,  must  in  general  lead  to  an  under- 
estimate of  conductance  ;  but  provided  the  artificial 
lines  roughly  represent  the  real  configuration,  the 
substitution  does  not  lead  to  prohibitive  errors.  These 
remarks  seem  called  for  by  way  of  warning,  because 
formulae  such  as  those  given  below  have  an  impressive 
appearance  which  is  not  justified  by  their  origin. 
However  learned  they  may  look,  they  are  only  fit  for 
estimating  purposes  ;  their  accuracy  being  limited  by 
their  hypothetical  and  empirical  basis. 

It  will  be  convenient  to  take  the  different  conduct- 
ances in  the  order  in  which  they  are  naturally  dealt 
with  in  the  course  of  design  or  predetermination, 
beginning  with  an  air-gap ;  then  taking  the  fringe 
paths  which  lie  outside  the  boundary  or  edge  of  the 
gap  ;  next  considering  the  conductance  of  the  space 
occupied  by  the  stray  field  created  by  the  pole-pieces, 
or  by  the  polar  portions  of  the  magnet  limbs  ;  and 
lastly  taking  the  leakage  paths  between  the  limbs  of 
the  magnet. 
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Air-gaps. 
When  the  polar  surfaces  forming  the  opposite  faces 
of  the  gap  are  flat,  as  in  Fig.  23,  the  conductance  of 
the  gap  is  appro.ximately  : 

.•>  w 

g 

It  should  be  remembered  that  this  formula  takes  no 
account  of  the  pressure  in  the  magnetic  medium  trans- 
verse to  the  lines  of  force.  The  transverse  pressure 
causes  the  lines  to  bend  outwards  as  the  edges  of  the 
gap  are  approached,  and  hence  the  conductance  of  the 
path  actually  traversed  by  the  flux  which  passes  from 
one  polar  surface  to  the  other  is  somewhat  greater 
than  that  given  by  the  formula.  \Mien  g  is  as  much 
as  one-tenth  of  s  or  w  this  effect  begins  to  be  noticeable, 
and  it  so  rapidly  increjises  with  increasing  gap  width, 
that  when  g  is  one-fifth  of  5  or  zy  the  conductance  will 


i 

I 

V-'\ 

,' 

h 

s 

V^^^'l 

KnsvI 

S^^^v^ 

1 

sN\s4 

\ 

1 

Fig.  23. 

be  roughly  4  or  5  per  cent  greater  than  that  estimated 
by  the  formula. 

For   an   air-gap   between    cyhndrical   surfaces   as   in 
Fig.  24  the  conductance  is  : 


A;=, 


d  being  in  radians. 


'loge(i+gla)' 
It  may  be  noticed  that  when  gl a  is  small,  say  0-02  or 


Fig.  24. 

less,  log«  (i  +  gl  a)  is  nearly  equal  to  ^  /  a,  and  the  formula 
then  reduces  to  : 

w  ad 


it  =  - 


g 


which  is  the  simple  form  :    area  divided  by  gap-width. 


k  =  -  log, 


(-t) 


CONDUCTANXE      OK      FRINGE      PaTHS       ORIGINATING   '  ON 

Fl-j^t  Surfaces. 
The  conductance  of  the  fringe  path  at  the  boundarj' 
of  an  air-gap  between  rectangular  pole-pieces  of  width 
w,  is  roughly 

g, 

when  the  flat  polar  surfaces  which  form  the  beginning 
and  end  of  the  path  lie  in  the  same  plane,  as  in  Fig.  25. 
This  formula,  which  was  introduced  by  Forbes  in  the 
early  days  of  the  dynamo,  considerably  underestimates 
the  conductance.  Mr.  Finnis  has  recently  suggested 
that  a  closer  approximation  would  be  obtained  by 
supposing  the  lines  of  force  to  be  portions  of  confocal 
ellipses  as  shown  in  Fig.  26  ;  the  foci  //  for  all  Unes 
of  force  in  any  plane  normal  to  the  polar  surfaces 
being  at  the  edges  of  the  air-gap.     Mr.  Finnis's  formula 


r?- 


Fig.  25. 

for  an  elliptical  fringe  on  flat  polar  surfaces  of  width 
w  is  : 

x^y/{x'^-^xg)' 


w 
Jc  =  -  log, 

TT 


[- 


g 


0 


The  elliptical  lines  imitate  the  effect  of  the  transverse 
pressure  in  squeezing  the  lines  of  force  outwards,  and 
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y 

.^ 

\ 

^9^ 

Y\G.  26. 

for  that  reason  the  formula  gives  a  closer  approxima- 
tion to  the  actual  conductance  than  the  Forbes  formula. 

Fringes  originating  ox  Cylindrical  Surfaces. 

When  one  or  the  other  of  the  above  formute  is 
applied  to  the  four  surfaces  of  a  rectangular  pole,  the 
whole  fringe  conductance  is  considerably  underestimated 
because  no  account  is  taken  of  the  wedge-shaped 
spaces  available  in  the  neighbourhood  of  each  edge 
where  the  flat  surfaces  meet.  To  include  these  vacant 
spaces  the  author  has  extended  the  Forbes  formula 
to  the  case  of  a  fringe  originating  on  either  side  of  an 
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air-gap  formed  between  the  flat  ends  of  two  coaxial 
cylinders.  The  elementary  leakage  path  is  then  a 
hollow  shell,  as  shown  in  Fig.  27,  and  the  conductance 
per  cm.   of  zone  width  is  : 


Here 


27r 

;  so  that,   putting  x  =  n  a,  {> 


V(i-«=) 

Z  —  2 

in 


tan- 


V    \I  +M 


a(n  -{-  I ) 
when  M  < I 
when  n  =  I 


and      z  —  —r-- —     loge  [«  +  -v/("^  —  i)]  when  11  >  \ 
■\/n^  —  I 

For  convenience  in  computing  q  from  the  above  for- 
mula a  table  is  appended  giving  values  of  the  quan- 
tity z  in   terms   of   the   ratio  n.     F"or  practical   use   a 


Fig.  27. 

curve  should  be  drawn  from  the  tabular  figures  enabling 
Z  to  be  found  by  inspection  for  any  value  of  n. 

Table  giving  z  in  /ernis  of  x  I  a  =  n  ;  for  use  in  applying 

2.1T 


the  Formula  q  = . 

p+Z 

n 

z 

. 

z 

0 

0 

1-3 

2-36 

O-  I 

0-296 

1-5 

2-59 

0-2 

0-561 

1-7 

2-79 

0-4 

I  -013 

1-8 

2-88 

0-6 

1-398 

2-0 

3-05 

0-8 

1-722 

4-0 

4-23 

o-g 

1-859 

8-0 

5-56 

I  -o 

2  -  000 

16-0 

6-92 

i-i 

2-13 

20-0 

7-3° 

1-2 

2-25 

24-0 

7-68 

The  above  formula  only  gives  the  conductance  per 

cm.  of  zone  width,  and  to  find  the  total  conductance 

of  a  fringe  extending  for  a  distance  x  from  the  edges 

of   the   air-gap,    it   is   necessary   to   find   the   value   of 

r    ,  r  dx 

J  q  ax    or     277  I  — -—  .     This    can    be   done  by   drawing 

a  curve  connecting  q  with  x  and   measuring  its  area. 


The  total  conductance  of  a  fringe  originating  on 
cylindrical  surfaces  may,  however,  be  computed  from 
the  following  formula  for  which  the  author  is  indebted 
to  Mr.  Finnis.  The  assumption  made  is  that  the  lines 
of  force  which  form  the  boundaries  of  the  leakage  paths 
are  confocal  ellipses,  the  common  foci  being  located 
at  the  edges  of  the  air-gap.  As  in  the  case  of  the 
elementary  leakage  path  shown  in  Fig.  27,  the  elliptical 
paths  take  the  form  of  hollow  shells  surrounding  the 
cylinders.  The  total  conductance  of  the  fringe  stated 
in  terms  of  its  extent  x  on  each  cylinder  and  a  compli- 
cated quantity  v,  is  as  follows  : — 


fc  = 


^^^/{v''  —  x') 


cos~'  (xl  v) 

k  —7TX 

TT-\/(x^  —  v') 


fc  = 


log,  P +Vi^J^-| 


The    quantity    v   is  : —  a  \ogc     i  -}-  2 


when  v'^  X 
when  V  =  X 
when  V  <^x 

,x+V{x^  +  xg)' 
g 


where  a  is  the  cylinder  radius. 

This  formula  for  the  total  conductance  of  a  fringe 
originating  on  cylindrical  surfaces,  as  also  the  formula 
q  =  2TT lip  -}-  z),  may  be  used  for  estimating  the  conduct- 
ance of  a  fringe  which  extends  all  round  rectangular 
poles,  by  substituting  for  the  rectangle  a  cylinder  of 
the  same  perimeter.  Denoting  the  sides  of  the  rectangle 
by  s  and  w,  the  perimeter  will  be  2{s-\-w),  and  hence 
the  radius  of  the  equivalent  cylinder  will  be  a  =  {s-]-w)  Itt. 

Conductance   of   Radiating   Leakage   Paths 
(Equivalent  Spherical  Poles). 

Apart  from  air-gaps,  leakage  paths  which  can  be 
treated  as  fringes,  and  other  paths  by  which  induction 


dx 


Fig.  28. 

passes  more  or  less  directly  from  one  pole-piece  to  tie 
other,  there  is  always  a  considerable  area  of  the  polar 
surfaces  of  a  magnet  system  from  which  lines  of  force 
radiate  outwards  into  space,  forming  what  is  vaguely 
defined  as  a  stray  field.  Whenever  lines  of  force  radiate 
in  this  way  as  from  a  polar  point  or  centre  located 
inside  a  pole-piece,  or  inside  the  limb  of  a  magnet 
somewhere  towards  the  end,  the  conductance  of  the 
leakage  path  so  formed  from  pole  to  pole  can  be  esti- 
mated with  sufficient  accuracy  by  substituting  for  the 
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pole-piece,  or  the  polar  end  of  the  magnet  limb,  a 
spherical  pole  of  dimensions  which  make  it  the  equivalent 
of  the  actual  pole  in  its  leakage -effect. 

The  conductance  of  the  path  extending  outwards  in 
all  directions  from  the  surface  of  a  spherical  pole  of 
iron  or  steel  is  found  as  follows :  Referring  to  Fig.  28, 
the  area  of  the  elementary  spherical  shell  of  radius 
X  is  4 77 A-  and  denoting  its  thickness  by  dx  the  reluct- 
ance of  the  shell  is  dx\{^TTx-).  Hence  the  reluctance 
of  the  space  between  the  surface  of  the  spherical  pole 
N  of  radius  r.  and  a  .spherical  boundary  of  radius  nr 
will  be 


R 


477 


—  d.x 
x"" 


=  "6-0 

\Ttr\         n) 


and  if  we  suppose  the  boundary  to  be  at  some  con- 
siderable distance  from  the  pole  so  that  n  is  a  large 
number,  \jn  becomes  negligible  and  the  reluctance  of 
the  path  extending  outwards  from  the  pole  AT  is  simply 
\\{\-nr).  Similarly  the  reluctance  from  a  distant 
boundary  to  a  complementary  pole  of  the  same  radius 
as  iV  will  also  be  1/(477;-).  Hence  the  reluctance  of 
the  entire  path  from  pole  to  pole  will  be  2/(477;-),  and 
the  conductance  from  spherical  pole  to  spherical  pole 
will  be  : 

k  =  277  >-. 

It  is  convenient  to  express  the  conductance  of  the 
leakage  path  formed  in  this  way  in  terms  of  the  surface 
of  either  pole.  Denoting  the  surface  of  the  pole  by  S 
we  have  477/-- =S  from  which  j- =-v/ [3/(477)],  so  that 
the  conductance  becomes  fc  =  277  /  j  ^  j  r,  ]  =  /  7  i;  ; 
and  since   \/77  is   i  ■  77,  we  have  : 

/.;  =  I  •77-v/S,  spherical  pole  to  pale. 

The  conductance  of  a  radiating  path,  therefore, 
depends  only  on  the  superficial  area  of  the  polar  surface 
from  which  it  originates,  and  the  formula  may  evidently 
be  applied  to  poles  of  any  shape,  subject  of  course  to 
the  essential  condition  that  as  regards  their  form  and 
position  they  lend  themselves  reasonably  well  to  polar 
radiation.  That  the  application  of  the  formula  to  poles 
of  rectangular  shape  is  legitimate  may  be  shown  in  an 
elementary  way  by  considering  a  pole  in  the  form  of 
a  cube  of  side  s.  The  conductance  between  two  such 
cubical  poles  will  be  greater  than  that  between  two 
spheres  of  diameter  s,  but  less  than  that  between  two 
spheres  of  a  diameter  equal  to  the  diagonal  dimension 
of  the  cube  ;  since  the  smaller  sphere  would  lie  just 
inside  the  cube,  and  the  larger  would  just  envelop  the 
cube,  toucliing  it  at  its  corners.  Now  for  the  two 
smaller  spheres  we  have  : 

fc  =  277.  Js  =77S 

and  for  the  larger  spheres,  since  the  diagonal  of  the 
cube  is  •v/3 .  s,  we  have  : 

A:  =  2  77 "v/.? .  s  /  2  =  77  Vs  ■  s. 

It  may  be  assumed  that  the  mean  of  these  two  con- 
ductances will  represent  the  conductance  between  the 
two  cubical  poles  quite  nearly  enough,  and  hence  the 


conductance  from  one  cubical  pole  to  the  other  will 
be  approximately  : 

77i  4-77 -v/3. s       I +-v/3 

K  = ^=  77  s. 

2  2 

But  the  surface  of  the  cubical  pole  is  6s-,  so  that 
s=y'(s/6),  and  hence  k  =  ^{1 +\/i)  tt\/(sI 6),  from 
which  we  find  : 

/i=i-75v'S,  cubical  pole  to  pole; 

a  value  which  only  differs  from  that  given  by  the 
spherical  pole  formula  by  a  little  more  than  i  per  cent. 
For  poles  other  than  spheres  or  cubes,  such  for 
example  as  the  limbs  of  a  bar  magnet,  the  radiating 
lines  of  force  do  not  proceed  from  a  well-defined  internal 
point  but  rather  from  a  series  of  points  distributed 
along  the  magnetic  axis.  Hence  if  we  imagine  a 
spherical  pole  to  undergo  a  gradual  change  in  shape, 
passing  from  a  sphere  to  a  cube  and  from  that  to  an 
elongated  body  of  rectangular,  or  indeed  any  sort  of 
elongated  form,  there  will  be  a  gradual  departure  from 
strictly  polar  radiation  and  a  correspondingly  gradual 
departure  from  accuracy  in  the  estimate  of  conductance 
based  on  the  spherical  pole  formula.  The  formula 
is,  however,  one  of  very  wide  application  because  it  is 
founded  on  the  fact  that  every  magnet  has  some  sort 
of  quasi-polar  region  at  each  end  (generally  rather  ill 
defined)  fmm  which  lines  of  force  proceed  into  external 
space  more  or  less  as  though  they  had  their  origin  in 
a  polar  poifit  inside  the  steel.  Incidentally  it  may  be 
remarked  that  in  so  far  as  a  polar  region  behaves  like 
a  truly  radiating  pole,  the  mechanical  force  it  will 
e.vert  on  a  similar  pole  must  necessarily  vary  inversely 
as  the  square  of  the  distance.  It  was  the  experimental 
demonstration  of  this  property  in  magnets,  which  in 
early  days  gave  rise  to  the  idea  of  a  magnetic  attractive 
matter  behaving  in  a  strictly  Newtonian  fashion. 

The  author  has  made  constant  use  of  the  spherical 
pole  formula  for  many  years  past,  applying  it  to  a 
wide  variety  of  magnetic  problems,  from  the  stray 
field  of  dynamos  to  the  flux  in  compass  needles.  Its 
application  in  the  latter  case,  the  case  of  the  ordinary 
bar  magnet,  may  be  explained  here  because  it  affords 
a  good  example  of  the  limits  to  which  the  formula 
may  bj  stretched  for  purposes  of  rough  estimation. 
Treating  a  bar  magnet  as  a  single  magnetic  circuit, 
after  the  manner  described"  in  section  25,  the  conduct- 
ance of  the  leakage  path  from  limb  to  limb,  estimated 
from  the  spherical  pole  formula,  will  be  k  =  i-77\^S  ; 
where  S  is  the  superficial  area  of  one  limb  of  the  magnet. 
The  position  of  the  effective  poles  is  of  course  in- 
definite. In  aji  ellipsoid  the  distance  between  them  is 
about  two-thirds  of  the  length  of  the  magnet,  but  in 
an  ordinary  bar  magnet  of  uniform  section  the  apparent 
poles  are  somewhat  further  apart  and  the  distance 
between  them  may  be  assumed  to  be  about  o  •  7  L. 
On  this  assumption  the  effective  magnetomotive  force 
of  a  bar  magnet  will  be  about  V=o-7L<^  and  the 
total  flux  |8A  will  be 


j8A=o-7L^  X  I  •77-v/S 


from  which 


^ 
> 


=  i-77Xo-7"VS 
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The  ratio  ^/<^  being  estimated  in  this  way,  the 
derived  curve  for  the  magnet  steel,  giving  j3  in  terms 
of  pli>,  determines  a  vahie  of  ^  which  may  be  taken 
as  the  flux  density  at  the  neutral  section.  In  this 
way  the  total  flux  traversing  the  neutral  section  of  any 
ordinary  bar  magnet  may  be  roughly  predetermined, 
provided  the  dimension  ratio,  length  divided  by  equiva- 
lent diameter,  does  not  exceed  25  or  30.  Beyond  that 
proportion  the  departure  from  polar  radiation  becomes 
too  gr^at  and  the  spherical  pole  formula  no  longer 
serves  a  useful  purpose. 

The  spherical  pole  formula  may  be  used  to  find  the 
average  value  of  the  conductance  factor  q  along  the 
limbs  of  any  magnet,  by  dividing  the  total  leakage 
conductance  from  limb  to  limb  by  J  L.     Thus  : 


v—  =3-5 


'Vl 


VL= 


I-77VS 

But  S  =  J^L,  where  p  is  the  perimeter  of  the  magnet 
bar,  and  hence  for  the  leakage  conductance  per  cm. 
of  zone  width  : 

.'P 

q       "    -      ■ 


It  will  be  seen  that  in  this  case,  as  in  that  of  an 
ellipsoid  magnet,  the  conductance  factor  depends  not 
on  absolute  but  only  on  relative  dimensions.  The 
same  thing  will  be  found  to  apply  to  the  conductance 
factor  between  parallel  cylinders,  and  consequently 
between  parallel  bars  of  rectangular  section.  In  short 
leakage  conductance  per  cm.  of  zone-wddth  depends 
solely  on  relative  magnitude ;  solely  on  shape  and  not 


The  Effective  Part  of  a  Spherical  Pole. 
In  the  case  of  a  bar  magnet,  lines  of  force  radiate 
in  all  directions  from  the  entire  surface  of  the  equivalent 
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Fig.  29. 

spherical  pole,  but  when  the  magnetic  system  forms 
anything  approaching  a  well-defined  magnetic  circuit, 
the  polar  regions  are  only  free  to  radiate  into  space 
external  to  the  enclosure  formed  by  the  magnet  with 
its  poles  and  air-gap.  In  the  typical  case  shown  in 
Fig.  29,  sorhething  like  half  the  surface  of  each  pole- 
piece  is  taken  up  by  the  flux  in  the  air-gaps,  the  fringes 
across  the  edges  of  the  gaps,  and  the  fringes  which  pass 
directly  from  one  pole-piece  to  the  other.  Hence  the 
conductance  of  the  radiating  paths  from  pole  to  pole 
would  be  roughly  half  i  ■  yyy'S,  where  S  is  the  entire 
surface  of  one  pole-piece.     It  will  be  noticed  that  the 


proportion  of  space  available  for  radiating  paths  is 
only  vaguely  defined,  and  some  exercise  of  judgment 
is  therefore  required  in  determining  what  fraction  of 
the  spherical  pole  conductance  should  be  taken  in  any 
particular  case.  But  leakage  forming  a  stray  field  is 
usually  only  a  small  proportion  of  the  total  flux,  and 
hence  there  is  no  need  for  more  than  a  rough  appor- 
tionment of  the  conductance  given  by  the  spherical 
pole  formula. 

Conductance  between  Parallel  Cylinders. 
At  the  author's  suggestion  Mr.  Finnis  has  obtained 
the  following  formula  for  the  magnetic  conductance  of 
the  leakage  path  between  two  parallel  cylinders.  The 
corresponding  formula  for  the  electrostatic  capacity 
of  two  parallel  cylindrical  conductors  had  previously 
been  obtained  by  Kennelly.  The  formula  states  the 
conductance  between  two  zones  of  i  cm.  width  ;  that 
is   to   say   it   gives   the   conductance   factor   q   for  two 


I 

P"IG.  30. 

cylinders  of  diameter  d,  at  a  distance  /  between  their 
axes,  as  shown  in  Fig.  30. 

7T 


log.[_ ^ J 


or  putting  1 1  d  =  n, 

n 

^  ""  log«  [w -f- V(m^  -  I)] 
and  when  n  is  greater  than  5  this  reduces  to 

77 


log<  2  n 


nearly  enough 


The  following  table  gives  the  value  of  q  for  values 
of  n  from  i  to  20,  which  covers  all  the  cases  of  magnets 

Table  giving   Values  of  Conductance  Factor  q  for  Two 
Parallel  Cylinders  ;  n=ll  d. 


n 

1 

n 

? 

I  -o 

Inf. 

5 

1-37 

i-i 

7-IO 

6 

1-27 

I  -2 

5-04 

7 

I -19 

1-3 

4-29 

8 

I-I3 

1-5 

3-31 

9 

I  -09 

2-0 

2-38 

10 

1-05 

3-0 

1-74 

15 

0-93 

4-0 

1-5^ 

20 

0-85 

with  parallel  limbs  which  are  Ukely  to  occur  in  practice. 
In  applying  the  table   (or  the  formula)  to  magnets  of 
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rectangular,  or  any  other  section,  it  is  only  necessary' 
to  make  : 

perimeter  of  section 


Conductance  between  the  Limbs  of  an 
Ellipsoid  Magnet. 

It  has  been  shown  in  Section  (27)  tliat  the  conduct- 

Conductance  Factors  for  Ellipsoid  Magnets  of  Circular 
Cross  Section. 


da 

? 

da 

? 

I 

6-28 

14 

1-32 

2 

3-77 

17 

123 

3 

2-87 

20 

115 

4 

2-41 

25 

1-07 

6 

1-94 

30 

I  -OI 

8 

I  -69 

40 

0-93 

9 

1-59 

60 

0-83 

10 

1-52 

80 

0-76 

12 

1-40 

100 

0-73 

ance  factor  for  leakage  paths  between  the  limbs  of  an 
ellipsoid  magnet  of  circular  section  is  : 


TTa-  /4TT  "N 


see  page  803, 


N  being  a  quantity  which  depends  only  on  the 
dimension  ratio  da.  The  table  on  this  page  contains 
values  of  the  conductance  factor  computed  from  for- 
mula (31)  for  dimension  ratios  from  i  to  100.  The 
tabular  figures  are  intended  to  be  plotted  as  the  co- 


ordinates of  a  curve  from  which  q  may  be  ascertained 
by  inspection. 

Conductances  estimated  from  Freeh.\nd  Sketches. 

WTien  a  leakage  path  cannot  be  brought  within  the 
scope  of  a  convenient  formula,  the  conductance  may 
always  be  estimated  with  sufficient  accuracy  by  making 
a  sketch  of  the  probable  course  of  the  induction.  In 
many  cases  the  curvature  of  the  path  makes  it  neces- 
sary to  break  it  up  into  a  number  of  elementary  paths. 
The  di\dsion  should  be  done  systematically  by  setting 
ofi  a  number  of  points  at  equal  intervals  along  the 
line  representing  the  surface  where  the  path  begins, 
and  a  corresponding  series  of  points  on  the  surface 
where  it  ends.  The  points  on  the  two  surfaces  having 
been  joined  by  Unes  of  force  drawn  freehand,  each 
elementary  path  so  formed  may  be  measured  by  running 
over  it  with  a  map  measuring  wheel,  the  conductance 
of  each  element  being  reckoned  from  the  dimensions 
so  obtained. 


[The  sjTnbols  used  by  the  author  in  his  paper  were 
the  subject  of  comment  in  the  discussion,  and  sub- 
sequently the  Institution  Papers  Committee  had  an 
exchange  of  views  with  him  as  to  whether  it  would 
be  possible  to  make  use  of  the  symbols  for  flux,  flux 
density  and  reluctance  approved  by  the  International 
Electrotechnical  Commission.  The  author's  view,  in 
brief,  is  that  in  presenting  the  subject  of  the  paper 
from  a  novel  point  of  view  so  many  quantities  are 
introduced  for  which  no  recognized  symbols  exist,  that 
it  seemed  preferable,  and  even  necessary  for  clear 
exposition,  to  make  use  of  a  set  of  symbols  co-ordinated 
for  that  purpose,  although  in  the  three  instances 
referred  to  these  symbols  differ  from  those  approved  by 
the  International  Commission.  The  notation  of  the 
original  paper  has  accordingly  been  adhered  to  in  the 
Journal. — Sec,   I.E.E.] 


Discussion  before  The  Ixstitutiox,  13  May,  1920. 


Mr.  L.  B.  Atkinson  :  This  paper  will,  I  feel  sure, 
rank  a,s  a  classic  with  those  of  Hopkinson  and  Kapp 
in  1886,  where  they  gave  us  the  means  of  predetermin- 
ing the  magnetic  constants  of  the  dynamo,  that  is 
to  say,  really  of  the  "  electromagnet."  It  is  the  first 
published  attempt  to  put  forward  on  a  basis  usable 
by  engineers  a  system  of  design  and  predetermination 
of  "  permanent  magnets."  The  examples  given  in 
the  paper  show  that  w-here  the  path  of  the  magnetic 
induction  is  determinable  a  high  degree  of  accuracy 
may  be  arrived  at  b)'  the  author's  method.  This  is 
that  method  of  reverse  summation,  i.e.  step  by  step 
from  effect  to  cause,  which  has  proved  so  useful  in 
the  design  of  electromagnets  and  in  the  determination 
of  wave  distortion  on  long  telegraphic  and  telephonic 
lines.  The  author  has  spoken  of  the  necessity  of 
working  with  some  kind  of  theoretical  basis,  and  he 
has  given  fiis  own  physical  conception  of  the  mechanism 
by  which  the  observed  results  are  reached.  We  must 
carefully  distinguish,  however,  between  the  author's 
results  in  predetermination  and  his  physical  concep- 
tion.    Maxwell  in  his  "  Treatise  "  makes  the  following 


remark  :  "A  theory  of  magnetic  matter,  if  used  in 
a  purely  mathematical  sense,  cannot  fail  to  explain 
the  phenomena,  provided  new  laws  are  freely  introduced 
to  account  for  the  actual  facts."  If  therefore  we  find 
some  points  in  the  author's  physical  conception  which 
do  not  appear  to  fit  in  with  certain  experimental  facts 
or  well-founded  deduction  therefrom,  it  would  appear 
well  to  examine  them,  and,  if  necessarj',  to  modify  the 
physical  conception.  It  is  in  that  connection  that  I 
propose  to  comment  on  the  paper.  I  am  glad  that 
the  author  has  adopted  the  molecular  electron  current 
as  the  physical  basis  of  magnetism.  Electrical  engineers 
are  not  thinking  sufficiently  in  terms  of  electrons. 
Wireless  engineers  have  done  so  in  the  last  five  years, 
thanks  to  the  thermionic  valve,  and  I  urge  electrical 
engineers  generally  to  follow  their  example.  Ampere's 
theory'  of  magnetism  as  being  due  to  a  molecular 
current  in  a  perfectly  conducting  medium  of  a  definite 
geometric  form  was  considered  bv  Maxwell,  but  the 
properties  of  electric  circuits  of  infinite  conductivity 
formed  by  a  molecular  electron  orbit,  not  necessarily 
of  defined  geometric  form,  have  not  been  fully  considered 
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by    the     majority     of     electrical     engineers.     Maxwell 
on   this   subject   said  :     "  The   conception   of   perfectly 
conducting  bodies  leads  to  results  exceedingly  different 
from  any  phenomena  which  we  can  observe  with  ordin- 
ary' conductors."      I  think  the  author  has  not  sufficiently 
realized  the  point.     It  we  turn  to  page  785,  t'ig.  2    (1) 
shows  the  current  rings  pointing  at  random,   and  the 
author  says*  :    "  The  energy  of  an  electric  current  being 
kinetic,  any  two  or  more  current  rings  will  tend  to  turn 
on  their  pivotal  axes  in  directions  which  will  increase 
their  joint   energy."     That   statement   is   only   true   if 
the  words  are  added,  "  if  the  currents  are  maintained 
constant  by  an  external  source  of  energy,"  and  it  was 
so  stated  by  Maxwell.     The  author  continues  :    "  Evi- 
dently the  energ>'  of  the  mass  will  be  increased  if  any 
two  or  more  rings  turn  round  until  they  possess  a  mag- 
netic axis   in  common,  and  so  create  for  themselves  a 
bond  of  mutual  induction."     On  the  contrary,  the  energy 
diminishes.     In    the    Tenth    Kelvin    Lecture    which    I 
dehvered    in     1918  f     I     devoted     considerable    space 
to  the  interaction  of  two  perfectly-conducting  circuits, 
each  carrying  an  initial  current,  and  included  a  graphical 
construction  for  determining  the  current  in  the  circuits 
in  all  positions,  also  showing  that  the  movement  under 
the    mutual    electrodj-namic    forces    always    diminishes 
the  energy  and  the  current  in  one  or  both  circuits.     If 
we  add  no  energy  but  work  is  done,  it  must  come  from 
the  existing  energy  and  thus  diminish  it.     Figs,    i,   2 
and  3  and  the  statement  accompanying  them  are  based 
on  what  would  occur  with  coils  in  which  currents  are 
maintained  constant  by  a  battery.     The  author  quotes 
Langevin  in  support  of  the  thesis  that  the  molecular 
current  is  a  nearly  constant  quantity,  but  Langevin's 
statements  I  think  only  relate  to  the  possible  variation 
in  the  molecular  current  due  to  the  creation  of  a  magnetic 
force  by  an  exterior  current.       I  find  it  impossible  to 
overlook  the  fact  that  the  changes  of  relative  orienta- 
tion must  involve  great  changes  of  molecular  current. 
If  that  is  so,  it  seems  seriously  to  disturb  the  basis  of 
the    author's    conception.     That    conception    is    based 
upon    a    constant    magnetomotive    force    per    molecule 
in  a  direction  normal   to  the   plane   of  the  molecular 
orbit,  and  the  addition  or  subtraction  of  these  magneto- 
motive  forces  in   a   medium  of   defined  magnetic  pro- 
perties with  the  variation  of  induction  arising  there- 
from.    Is   there   a   substitute  ?     It   seems   to   me   that 
there    is.     The    outstanding    property    of    a    perfectly 
conducting  circuit  is  this  :    it  is  impossible  to  alter  the 
flux  threading  it  except  by  applying  an   electromotive 
force    to    the    circuit.     Consequently,    in    the    medium 
where  the  molecular  currents  change  their  orientation, 
the    induction    threading    every    molecular    circuit    is 
always    constant,    and    equilibrium    results    when    the 
lines  of  induction  are  the  shortest  possible.     If  a  mole- 
cular line  of  induction  can  shorten  by  means  of  any 
small  change  in  the  orientation,  the  change  will  take 
place.     If  the  result  of  orientation  is  to  increase  the 
length   of   the   line   of  induction,    the   orientation   will 
not   take   place.     There   may   be   two   positions   where 
the   second   would   give   a   shorter  hne   than   the   first, 
but  to  reach  it  an  intermediate  position  must  be  passed 
which  would  lengthen  the  hne  ;    in  that  case  a  semi- 

*  Since  corrected,  f  Journal  I.E.E.,  1919,  vol.  57,  p.  i. 


Stability  exists,    which   vibration   or  heat   may   upset. 
A   modification  of  the  author's  conception  as  set  out 
in  Figs.   2  and  3  along  these  lines  would,   I  think,  be 
nearer   to    the   truth.     But    there   is   an    experimental 
fact  which  still  more  strongly  enforces  the  idea  that  we 
must   remodel   the  author's  conception  on   the  line  of 
the  flux  being  constant  in  all  circumstances  tliroughout 
the  molecular  circuit.     On  page  729  the  author  considers 
a  magnetized  steel  ring  severed  at  a  cross-section  and 
with  the  severed  ends  drawn  apart.     The  "  instantaneous 
effect  of  the  increase  in  the  reluctance,"  he  says,  "  will 
be  to  diminish  the  flux  "  in  the  magnetic  circuit.     The 
late  Dr.   Silvanus  Thompson,  however,  showed  an  ex- 
periment   with    a    horseshoe    magnet    and    removable 
keeper,    and    stated    that    the    removal   of    the    keeper 
makes   no   change  whatever  in  the   total  flux   passing 
through    the    central    section    of    the    magnet.     This 
experiment,   if  correct,   indicates  that  the   property  of 
constant  flux  per  molecule  is  fundamental.     It  involves, 
it  is  true,   changes  of  linear  velocity  of  the  electron  ; 
this  would  involve  change  in  the  periodic  time  of  rotation, 
unless  the  orbit  expands  and  contracts,  and  as  I  feel 
that  the  periodic  time  rather  than  the  orbital  diameter 
is  constant,  I  think  the  variation  in  diameter  probable. 
I  am  convinced  that  the  general  reasoning  in  the  paper 
is  correct  and  it  has  made   "  permanent  magnetism  " 
so  clear  that  I  feel  the  author's  conception  and  mine 
are    probably    mathematically    equivalent.      Neverthe- 
less, I  consider  that  the  theoretical   part  of  the  paper 
must  be  modified  so  as  to  accept  the  constancy  of  the 
molecular  flux,  with  its  corollary  of  a  varying  electron 
velocity   as    an    integral    part.     That   change   will    not 
in    the   least    modify    the    author's   general   theoretical 
view     of     permanent     magnetism,     but    will     involve 
some  change  in   the  interior  mechanism  which  he  has 
described. 

(Cornmunicated)  :  Since  the  discussion  on  Mr. 
Evershed's  paper  I  have  had  some  exchange  of  views 
with  him,  particularly  on  the  question  of  the  Thompson 
experiment.  Through  the  kindness  of  Dr.  Eccles,  the 
permanent  magnet  on  which  the  late  Dr.  S.  P.  Thomp- 
son experimented  was  found  at  Finsbury  College,  and 
Mr.  Evershed  has  repeated  the  experiment  with  this 
magnet  and  with  others.  The  results  do  not  confirm  the 
statement  that  the  flux  at  the  neutral  section  of  a 
permanent  magnet  is  constant  whether  the  keeper 
be  on  or  off.  I  hope  Mr.  Evershed  will  add  to 
his  paper  the  result  of  these  e.xperiments,  but 
the  deduction  which  I  (in  the  discussion)  drew  from 
Thompson's  experiment  falls  to  the  ground.  But  in 
saying  this  I  still  hold  to  the  view  that  the  induction 
through  a  molecular  circuit  cannot  be  altered,  and  that 
Mr.  E\ershed's  conception  must  take  account  of  this. 

Major  K.  Edgcumbe  :  The  author  has  .said  that 
the  subjects  of  predetermination  and  design  must  be 
treated  as  two  separate  sides  of  the  question.  As 
regards  predetermination,  when  I  turned  to  the  Table  on 
page  81 1,  in  wliich  the  author  states  that  he  can  predeter- 
mine the  performance  of  his  magnets  to  within  i  or  2  per 
cent,  I  was  at  once  a  convert  to  his  system.  We  seem 
now  to  be  in  a  position  to  deal  with  permanent  magnets 
in  much  the  same  way  as  Hopkinson  enabled  us  to  deal 
wit4i    electromagnets.     Coming    next    to    the    question 
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of  design,  I  am  not  sure  that  it  is  quite  so  simple  as 
the  author  would  have  us  believe.  He  deals  throughout 
with  the  question  of  getting  the  utmost  possible  magnetic 
energy  out  of  a  given  volume  of  steel  ;  that  is  to  say, 
he  works  at  that  value  of  flux  density  whi-h  will 
give  him  a  maximum  13(f),  as  he  calls  it.  Is  he  satisfied 
that  this  procedure  will  give  him  the  required  penman-  j 
ence  ?  It  has  always  been  considered  good  practice 
to  keep  the  reluctance  of  the  air-gap  small  compared 
with  that  of  the  magnet  ;  that  is  to  say,  to  use  a  tall 
and  thin  magnet  and  a  short  and  fat  air-gap.  The 
author  does  not  deal  with  this  point,  although  it  is,  in 
most  cases,  more  important  than  that  of  the  weight 
and  size  of  the  magnet.  The  matter  is,  also,  complicated 
by  the  fact  of  there  being  two  forms  of  permanence. 
There  is  the  permanence  required  by  the  magneto 
manufacturer,  for  example,  whose  magnets  are  subjected 
to  very  great  magnetic  racking,  but  who  does  not  mind 
if  the  permanence  falls  5  or  10  per  cent.  On  the 
other  side  there  is  the  instrument  maker  who  is 
anxious  that  the  flux  should  not  fall  by  more  than  a 
fraction  of  i  per  cent.  I  should  be  very  glad  if  the 
author  could  give  us  some  information  on  that  matter. 
.  I  do  not  at  all  like  the  symbols  which  the  author 
has  used.  He  said  that  several  of  the  equations  are 
self-explanatory,  but  I  for  one  should  have  said  that 
"  B  "  stood  for  flux  density,  whereas  it  represents 
the  total  flux.  Again,  I  should  have  said  that  "  V 
represented  voltage,  but  it  means  "  motive  force." 
(Why  not  magnetomotive  force,  by  the  way  and  have 
no  confusion  ?)  The  International  Electrotechnical 
Commission  have  obtained  international  agreement  upon 
a  number  of  symbols,  and  the  Institution  has  given 
its  cachet  to  them.  It  is  most  unfortunate  that  a  classic 
paper  should  be  issued  under  the  xgis  of  the  Institution 
with  symbols  entirely  different  from  those  universally 
recognized. 

Professor  E.  W.  Marchant  :  One  of  the  things 
that  has  interested  me  as  much  as  anything  has  been 
the  possibihty  which  the  paper  holds  out  for  an  im- 
provement in  magnetic  mateiials.  The  author's  theory 
of  permanent  magnetism  as  being  due  to  the  motion 
of  electrons  in  the  atom  is  very  fascinating.  I  had 
hoped  to  hear  the  explanation  of  the  connection  between 
the  atom  and  the  molecule,  that  is,  how  the  magnetic 
material,  in  which  we  may  imagine  there  are  atoms 
with  circulating  electrons,  produces  the  magnetic 
moment  which  he  assumes  in  his  current  rings.  If 
we  could  say  that  a  particular  grouping  of  electrons  in 
an  atom  would  give  a  magnetic  effect  we  should  learn 
a  good  deal  about  atomic  structure.  One  of  the 
interesting  things  that  this  paper  brings  out  is  that  pos- 
sibly the  study  of  permanent  magnetism,  i.e.  the  pheno- 
mena occurring  in  magnetic  substances,  may  lead  us 
,in  that  direction.  It  is  very  remarkable  that  the  atomic 
weights  of  nearly  all  magnetic  substances  are  approxi- 
mately equal.  The  atomic  weight  of  iron,  the  most 
strongly  magnetic  substance,  is  56  ;  of  nickel  is  54 
or  55  ;  of  cobalt  is  about  53.  With  manganese,  a 
steel  is  obtained  which  is  practically  non-magnetic. 
Manganese  has  an  atomic  weight  of  nearly  55,  and  pos- 
sesses the  property  of  preventing  magnetic  effects  in  iron, 
though  being  quite  unable  to  produce  any  itself.      There 


are  other  substances  which  produce  considerable  changes 
in  the  magnetic  quality  of  iron  alloys  ;  for  instance,  there 
is  silicon,  the  atomic  weight  of  wliich  is  cxictly  half 
that  of  iron.  Is  there  any  relation  between  the  atomic 
weights  of  substances  and  the  capacity  of  their  atoms 
to  produce  magnetism  ?  The  whole  subject  seems  to 
me  to  be  a  most  fascinating  one  and  one  which  I  hope 
the  physicist,  particularlv  the  mathematical  physicist, 
will  take  up.  The  author  has  shown  what  an  e.xtra- 
ordinarilv  small  percentage  of  the  two  positive  and 
negative  force?  of  the  magnet  that  balance  one  another 
remain  in  the  coercive  force  of  the  material.  In  the 
best  magnet  steel  the  value  is  less  than  i  per  cent. 
We  have  made  a  number  of  tests  with  magnet  steels 
and  we  have  got  a  maximum  figure  of  about  o  •  8  par 
cent.  This  fact  seems  to  point  to  enormous  possibiUties 
in  the  improvement  of  permanent  magnets,  either  bv 
heat  treatment  or  by  altering  the  molecular  structure. 
The  heat-treatment  method,  which,  I  presumj,  will 
alter  what  the  author  has  called  the  tribal  arrangement 
in  the  substance,  may  produce  some  effects,  but  there 
are  greater  possibilities  in  the  production  of  new  alloys. 
That,  of  course,  is  borne  out  by  the  new  cobalt  alloy 
mentioned  in  the  paper,  which  has  a  coercive  force  of 
over  200.  This  paper  has  put  the  permanent  magnet 
on  a  scientific  basis.  The  id3a  that  the  author  has 
put  forward  of  representing  the  intensity  of  magne- 
tization as  equivalent  to  a  number  of  ampere-turns, 
is  extremely  valuable  as  a  way  of  looking  at  a  magnet, 
and  I  think  that  from  that  point  of  view  alone  the 
paper  will  be  of  very  great  value. 

Mr.   H.   M.   Dowsett  :    The  very  determined  effort 
which  the  author  has  made  in  this  paper  to  build  up  a 
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consistent  theory  of  magnetism  proceeding  step  by  step 
from  the  inter-atomic  electron  ring  to  the  commercial 
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permsinent  magnet,  will  be  heartily  welcomed  by  every- 
one who  desires  to  see  physics  and  engineering  practice 
brought  into  one  consistent  scheme  of  evolutionary 
development.  The  weak  link  in  the  chain  is  the  char- 
acter of  the  inter-atomic  electron  current,  and  this  of 
course  depends  on  the  structure  we  postulate  for  the 
atom.  One  cannot  mask  the  fact  that  models  of  the 
atom  which  are  unable  to  prove  their  stability  when 
tested  by  the  laws  of  classical  electrodynamics  are,  in 
consequence,  of  little  or  no  use  to  us  in  forming  a  con- 
sistent theory  of  magnetism  when  th^ry  outside  the 
atom  rehes  entirely  on  the  universal  application  of  such 
laws.  Of  the  many  models  suggested  to  date,  the 
atom  of  J.  W.  Nicholson — which  consists  of  a  central 
nucleus  and  a  single  ring  of  electrons  in  orbital  motion 
round  it  having  vibrations  at  right  angles  to  the  plane 
of  the  orbit — is  the  only  one  that  is  electrodynamically 
stable,   and  even  this  model  invites  a  suspicion  as  to 
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its  stability  by  postulatmg  that  its  nucleus  is  split  up 
into  many  smaller  positive  charges  surrounded  by  single 
electron  rings.  The  most  extreme  case  of  an  electro- 
dynamically unstable  atom  is  the  model  suggested 
by  G.  N.  Lewis  and  developed  by  I.  Langmuir.  This 
consists  of  concentric  shells  cut  up  into  cellular  spaces, 
some  of  which  contain  electrons,  the  others  being  empty. 
The  cells  containing  the  electrons  are  placed  at  the 
corners  of  a  cube,  or  concentric  cubes.  In  order  to 
endow  the  atom  with  magnetism  it  is  necessary  to 
assume  that  the  electrons  are  rotating  rings,  and  are 
themselves  magnetic.  Some  years  ago  I  determined 
to  attempt  the  difficult  task  of  constructing  an  atomic 
model  which  should  satisfy  the  requirements  of  the 
physicist  and  of  the  chemist  and  yet  should  be  subject 
to  the  gravitational  and  electrodynamical  laws,  which, 
having  stood  the  test  of  ceaseless  application  and 
verification,   have    been   accepted    until   comparatively 


recently  as  being  fundamentally  true  for  all  natural 
phenomena.  It  immediately  became  apparent  that  the 
principal  obstacle  in  the  way  was  the  physicist's  assump- 
,tion,  as  the  result  of  many  experiments,  that  the  total 
number  of  electrons  in  the  atom  could  not  very  much 
exceed  the  number  representing  its  relative  atomic 
weight  in  the  periodic  series  of  the  elements,  and  that 
the  positive  charge  whose  constitution  and  place  in 
the  atomic  structure  we  know  absolutely  nothing  about, 
must  therefore  be  credited  with  practically  the  whole 
mass  of  the  atom.  If  thewholemass  of  the  atom  could  be 
said  to  be  due  to  the  united  masses  of  the  electrons — as 
was  at  first  assumed  by  J.  J.Thomson — and  the  positive 
charge  and  the  balance  of  the  electrons  above  the  atomic 
number  could  be  so  arranged  in  the  atom  as  to  be  practi- 
cally insensitive  to  most  means  of  experimental  research. 


Fig.  C. 

this  difficulty  would  be  removed.  Proceeding  on  these 
lines  I  devised  the  model  here  shown  in  Figs.  A,  B 
and  C.  In  brief  it  consists,  as  shown  in  plan  and  ele- 
vation in  Fig.  A,  of  an  electron  vortex  ring,  contain- 
ing one  or  more  shells  of  high-speed  electrons  in  variable 
orbital  motion  round  a  core  of  positive  electricity, 
this  core  being  indicated  as  a  continuous  thick  line  in 
the  plan.  The  speed  of  the  vortex  electrons  is  acceler- 
ated as  they  pass  through  the  aperture  of  the  atom, 
after  which  it  falls  as  they  return  to  the  outer  circum- 
ference, with  the  result  that  the  atom  has  a  translational 
motion  in  the  same  direction  as  that  taken  by  the 
electrons  nearest  to  the  ring  axis.  The  ring  also  rotates 
and  thereby  produces  a  magnetic  field,  and  this  magnetic 
field,  together  with  a  stray  electrostatic  field  from  the 
positive  charge  which  leaks  through  the  screening  of 
the  electron  vortex,  captures  a  number  of  low-speed 
electrons  and  causes  them  to  circulate  in  the  aperture 
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of  the  atom  iii  the  opposite  sense  to  that  of  the  ring 
rotation.  The  number  of  low-speed  electrons  captured 
in  this  way  corresponds  to  the  "  atomic  number  "  of 
the  element  concerned,  and  constitutes  the  source 
from  which  the  current  in  a  conductor  draws  its  electron 
supply,  and  the  chemical  compound  its  bonding  electrons. 
Fig.  B  shows  the  electrostatic  and  magnetic  fields  of 
a  neutral  atom  of  this  type,  the  magnetic  wipe-out 
effect  of  the  secondary  electrons  being  indicated ; 
and  Fig.  C  shows  a  diamagnetic  molecule  produced 
by  two  identical  neutral  atoms  having  the  same 
sense  relationship  between  their  vortex  and  rota- 
tional  motions,   their   trEuislational  motions,    however. 


their  two  fields  assist  each  other.  Ferro-magnetism 
is  a  function  of  the  turning  moment  which  can  be 
exerted  on  the  axis  of  such  a  molecule  by  an  extraneous 
force  acting  against  the  inertia  of  the  revolving  system, 
and  this  is  not  difficult  to  calculate  ;  it  involves  a  group 
relationship  such  as  has  been  so  ably  described  to  us 
by  the  author.  A  discussion  of  the  other  reactions  of 
the  vortex  atom  would  be  out  of  place  on  the  present 
occasion,  but  I  have  shown  elsewhere  that  this 
model  is  able  to  act  electrically,  chemically,  and 
radioactively  in  a  manner  which  can  satisfactorily 
explain  experimental  results.  My  present  object  is 
to  show  that  it  is  possible  to  devise  a  simple  type  of 
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Fig.  D. — Graphical  construction  for  B-H  curve. 


being  in  opposite  directions.  If  the  forces  inducing 
translation  are  greater  than  the  force  of  magnetic 
repulsion,  the  two  atoms  will  move  together  in  space 
as  one  neutral  diamagnetic  molecule,  which  according 
to  Langevin  is  the  condition  that  the  molecule  always 
tends  to  assume.  The  spectrum  lines  are  due  to  the 
accelerations  of  the  vortex  electrons.  If  a  very  strong 
magnetic  field  is  applied  to  a  diamagnetic  molecule  it 
will  react  differentially  on  the  rotational  speeds  of  the 
two  atoms,  and  this  will  cause  differential  changes  in  the 
election  vortex  speeds  so  that  the  double  line  spectrum, 
or  Zeeman  effect,  is  produced.  If  the  magnetic  repul- 
sion is  greater  than  the  effective  force  causing  transla- 
tion, then  either  the  molecule  will  be  monatomic  and 
paramagnetic,  or  it  naay  be  diatomic,  but  the  relation 
between  the  sense  of  the  vortex  motion  and  the  sense 
of  the  axial  rotation  must  be  different  in  the  two  cases, 
so  that  when  tianslational  forces  bring  them  together 
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atom  which  conforms  to  the  laws  of  electio-dynamics, 
and  also  affords  a  reasonable  basis  for  a  complete  theorv 
of  magnetism  which  can  start  with  the  constitutional 
movement  of  the  electrons  in  the  atom. 

Mr.  E.  A.  'Watson  :  The  point  which  interests 
me  most  is  the  importance  of  the  shape  of  the  B  H 
loop  for  a  magnet.  In  the  past  it  has  generally  been 
the  custom  to  define  a  magnet  as  having  a  certain 
remanence  and  coercive  force,  without  paying  any 
attention  to  the  shape  of  the  loop.  It  is  quite  clear 
that  it  is  possible  to  have  magnets  of  the  same  remanence 
and  coercive  force  but  with  loops  of  a  widely  different 
shape  and  giving  very  different  values  for  the  quantity 
^(f>  which  determines  the  performance  of  the  magnet. 
If  it  be  possible  to  define  a  magnet  completely  in  terms 
of  three  numbers  it  is  a  great  advantage.  Professor 
KenneUy  pointed  out  some  time  ago  that  for  a  piece 
of  soft  iron  the  following  relation  held  :  H/B  =  a  +  6  H. 
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A  similar  equation  can,  I  find,  be  used  to  express  the 
relation  between  H  and  B  for  a  piece  of  hard  steel, 
only  in  this  case  we  must  substitute  (H  -f  H^)  for 
H,  so  that  the  equation  becomes: 

(H  +  H,)/B  =  fl  +  6  (H  +  H,) 

The  loop  for  a  magnet  may  thus  be  expressed 
in  terms  of  three  definite  quantities,  the  coercive 
force  He  and  the  two  constants  a  and  b.  If  we 
inquire  more  closely  into  the  physical  meaning  of 
these  constants  we  find  that  a  is  the  slope  of  the  curve 
where  it  crosses  the  axis  B  =  O,  and  that  b  is  equal  to 
i/Bj,  where  Bj  is  the  saturation  density  of  the  steel 
when  H  is  infinite.  This  relation  is  in  itself  of  value, 
as  it  permits  the  demagnetizing  loop  for  any  steel 
to  be  readily  laid  down  and  defined,  but  it  also  has  the 
advantage  of  leading  to  a  graphical  construction  which 
enables  the  curve  to  be  very  quickly  and  readily  drawn 
when  any  three  of  its  characteristic  points  are  given. 
Fig.  D  herewith  shows  the  construction  in  question. 
It  is  assumed  that  the  quantities  given  are  :  (i)  The 
saturation  density  Bj,  represented  by  O  B,  in  Fig.  D  ; 
(2)  the  remanence  represented  by  O  B  ;  (3)  the  coercive 
force  represented  by  O  C.  Draw  BD  and  CD  per- 
pendicular to  one  another  and  meeting  in  D.  Join 
O  D  and  produce  it  until  it  meets  a  horizontal  line 
through  B,  in  D,.  From  D,  draw  any  series  of  radiating 
lines  cutting  C  D  and  O  C,  and  where  they  cut  these 
draw  perpendiculars  to  meet  each  other.  The  point  of 
intersection  of  any  pair  of  perpendiculars  is  a  point 
on  the  curve  determined  by  the  three  quantities  given, 
so  that  the  curve  can  be  very  quickly  drawn.  Further 
it  can  be  shown  that  the  point  at  which  the  line  O  D 
intersects  the  curve  is  the  point  at  which  ^  (^  is  a 
maximum.  I  have  applied  this  construction  to  a 
large  number  of  magnet  steels  and  I  find  the  agreement 
to  be  within  the  limits  of  error  over  the  important 
portion  of  the  curve,  i.e.  between  the  points  B  and  C. 
In  general  the  value  of  Bj  is  not  given  and,  indeed,  is 
not  very  easily  measured,  but  it  can  be  obtained  quite 
readily  by  construction  when  any  other  single  point 
on  the  curve  beyond  the  values  of  B,£,„  and  H^  is  known. 
For  example,  if  P  is  such  a  point,  draw  perpendiculars 
P  M  and  P  N  to  the  axis  and  produce  N  M  to  intersect 

0  D,  then  the  point  of  intersection  Dj  must  lie  on  the 
horizontal    line    B,  D,.     There    is    one  other   question 

1  should  like  to  ask  the  author  ;  that  is,  what  provision 
does  he  make  in  his  machines  against  momentary 
excessive  armature  reaction  such  as  might  be  caused 
by  a  short-circuit  ?  In  a  machine  with  an  electro- 
magnet such  a  pulse  of  excessive  current  would  of 
course  reduce  the  flux  in  the  magnet  temporarily 
but  would  hkve  no  permanent  ill  effect,  whereas  with 
a  permanent  magnet  an  excessive  current  with  its 
accompanying  armature  reaction  only  lasting  a  fraction 
of  a  second  will  cause  a  permanent  reduction  in  the 
field  strength,  which  can  only  be  restored  by  remagne- 
tizing.  This,  in  my  opinion,  is  one  of  the  chief 
troubles  experienced  in  practice  with  generators 
having  permanent  magnets,  and  it  would  be  interesting 
to  learn  if  the  author  has  found  any  way  of  over- 
coming it. 

Mr.  A.  P.  Young  :  According  to  the  author's  theory 


of  magnetization,  there  are  molecular  current  rings 
which  are  free  to  move  so  that  their  magnetic 
axes  tend  to  line  up  with  the  magnetizing  field.  This 
is  a  very  beautiful  conception,  but  on  this  basis  I  should 
be  interested  to  have  the  author's  explanation  of  the 
fundamental  difference  in  molecular  structure  that 
must  exist  between  magnetic  and  non-magnetic 
materials.  Presumably,  the  molecular  current  rings 
that  he  has  pictured  for  us  n^ust  exist  in  all  grades 
of  matter.  It  has  always  appeared  to  me  very  remark- 
able and  significant  that  if  the  two  magnetic  materials 
iron  and  nickel  be  combined  in  the  proportion  of  three 
parts  of  iron  to  one  part  of  nickel,  the  resultant  alloy 
— known  as  25  per  cent  nickel  steel — is  almost  entirely 
non-magnetic,  having  a  permeability  of  i-2  to  i'3. 
I  had  considerable  experience  with  this  remarkable 
alloy  during  the  war,  and  found  that  it  was  necessary 
to  keep  the  nickel  content  within  fairly  fine  limits, 
i.e.  between  24-5  and  27-5  per  cent,  to  obtain  a  non- 
magnetic alloy.  Outside  these  limits,  the  alloy  rapidly 
exhibited  magnetic  properties.  Another  rather  curious 
fact  was  that,  quite  frequently,  the  forgings  received 
from  the  steel  manufacturer  were  distinctly  magnetic, 
even  when  the  percentage  of  nickel  was  correct.  In 
such  cases,  however,  it  was  always  possible  to  restore 
the  material  to  the  non-magnetic  state  by  simply 
heating  the  forgings  to  1,000°  C.  and  allowing  them  to 
cool  slowly  in  air.  I  believe  if  one  were  to  pursue  this 
line  of  thought  in  an  endeavour  to  find  explanations 
of  the  peculiar  behaviour  of  this  alloy,  it  would  do 
much  to  throw  light  on  the  whole  phenomena  of  magneti- 
zation. It  is  interesting  to  know  that  the  author  has 
been  using  the  maximum  value  of  the  product  p(f> 
as  a  criterion  of  magnetic  quality  for  the  past  18  years. 
The    magneto    manufacturers,    who    of   necessity    have 

!  had  to  study  closely  the  whole  subject  of  permanent 
magnets  in  recent  years,  thought  that  they  had  really 
achieved  something  a  j'ear  or  so  ago  when  they  con- 
cluded that  this  was  the  best  criterion  of  quality  that 
they  could  find.  This  goes  to  show  that  after  all  there 
is  nothing  new  under  the  sun.     The  maximum  values 

i   oi  P<f)  given  in  the  paper  for  tungsten  steel  range  around 

!  300,000.  I  think  this  figure  is  rather  on  the  high  side, 
because  my  experience  with  many  thousands  of  tungsten- 
steel    magneto    magnets    goes    to    show    that,    on    the 

!  a\-erage,  the  figure  is  more  nearly  250,000.  The  new 
cobalt  steel,   about  which  one   is   slowly  beginning  to 

i  glean  a  certain  amount  of  information,  gives  a  maxi- 
mum value  of  P(f>  of  the  order  of  900,000.  One  can 
judge  from  this  what  a  revolutionary  effect  the  com- 
mercial introduction  of  this  new  steel  would  have  on 
all  industries  which  depend  in  any  way  for  their  develop- 
ment on  the  use  of  permanent  magnets.  The  question 
of  permanence,  as  Major  Edgcumbe  has  pointed  out, 
is  a  very  important  factor.  One  has  hitherto  assumed 
that,  if  a  magnet  is  to  be  reasonably  permanent  during 
its  life,  the  coercive  force  must  not  fall  below  a  certain 
minimum  which  has,  as  a  result  of  experience,  been 
fixed  at  55.  It  is  doubtful,  however,  whether  a  large 
coercive  force  by  itself  will  ensure  that  a  magnet  which 
is  subjected  to  excessive  vibration  and  extreme  cyclic 
variations  in  temperature  in  service  (for  example  a 
magneto  magnet)   will  remain  permanent.     One  has  a 
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feeling,  which  is  the  outcome  of  one's  cumulative  experi-  I 
ence  ia  this  direction,  that  there  is  some  other  factor 
or  factors,  not  rev-ealed  by  a  magnetic  test,  which  must 
be  taken  into  consideration.  I  should  like  to  have  the 
author's  views  on  this  particular  aspect  of  the  general 
problem  of  permanent  magnets.  In  conclusion,  I  think 
he  is  to  be  congratulated  on  his  epoch-making  paper. 
To  my  mind  its  great  value  to  the  scientific  world 
will  lie,  not  so  much  in  the  facts  and  theories  that  it 
so  clearly  enunciates,  but  rather  in  the  stimulus  and 
incentive  which  it  will  give  to  all  those  who  are  in  any 
way  concerned  with  problems  of  permanent  magnetism, 
to  pursue  the  line  of  thought  and  investigation  initiated 
by  the  author. 

Dr.  E.  H.  Rayner  :    The  paper  raises  again  a  fun- 
damental question  concerning  the  properties  of  certain 
kinds  of  matter,  one  which  is  of  \dtal  importance  to 
the  electrical  engineer  and  of  the  most  absorbing  interest 
to  the  physicist,  namely,  the  basis  of  the  characteristic 
of    ferro-magnetism.     I    do    not    propose    to    attempt 
to  explain  this  property  of  certain   forms   of  matter, 
but  to  suggest  one  or  two  conceptions   which  recent 
developments  of  physical  theory  seem  to  indicate  as 
likely  to  be  of  importance.     We  have,  to  start  with, 
the  modem  conception  of  the  atom  in  which  a  planetary 
system  of  electrons,  each  possessing  a  charge  of  negative 
electricity,    gjTates   round    a   central   positive   system. 
The   number   and,    perhaps,    arrangement   of   electrons 
are   directly   associated   vvith   the   atomic   weight,    and 
therefore    with   the    characteristics    of    the    atom,    and 
give   each    element    its    particular   properties.     In    the 
general  case  such  a  system,   if  the  electronic  orbits  of 
a   single  atom  are  arranged  indefinitely  in  space,  will 
exhibit    no    magnetic    polaritj'.     In    order    to    exhibit 
polarity    there    must    be    some    concentration    of    the 
motion  of  the  electrons  into  one  direction  such  as  exists 
in  the  solar  system,  in  which  the  planets  all  circulate 
roughly  in  one  plane,  or  at  least  on  the  surface  of  some- 
thing Uke  cylinders.    An  atom,  or  system  of  atoms, 
which   possesses   such   a   polarization,    will   in    general 
have  its  external  field  largely  neutralized  by  neighbouring 
ones,  as  they  will  tend  to  line  up  so  as  to  produce  a 
closed  field.     For  the  mass  to  exhibit  polarity,  it  would 
appear  necessary  that  under  the  influence  of  an  external 
field,  for  instance,  the  motion  of  the  individual  electrons 
in  large  numbers  of  atoms  must  be  induced  to  rotate 
about  axes  more  or  less  parallel.     It  is  possible  that, 
in  many  atoms,  there  is  a  particular  constraint,  associated 
with  the  distribution  of  electronic  motion,  which  pre- 
vents an  external  field  from  producing  the  orderliness 
of  motion   necessary   for   the   production   of   magnetic 
polarization.     Bodies  composed   of  such   atoms  would 
be  non-magnetic.     This  would  also  be  the  case  if,  in 
spite  of   orderliness  being  part   of  the   nature   of   the 
electronic  motion  in  the  atom,  the  constraint  were  due 
to  the  arrangement  of  the  molecular  or  larger  aggre- 
gation.    There  remains  the  crux  of  the  problem  ;     if 
this  theory  of  the  structure  of  the  atom  is  approximately 
correct  why  is   iron    almost  unique  in  its  properties  ? 
The  electronic  theory  of  the  atom  and  the  development 
of  experiments  on  the  space-lattice  structure  of  matter 
are  what  we  loDk  to   for  further  speculations  on  the 
magnetic  theory,  and  it  is  to  be  hoped  that  our  physicists 


will  attack  this  problem  with  all  the  forces  at  their 
command.  I  have  only  one  suggestion  to  make.  The 
electronic  theory  differentiates  atoms  of  the  various 
elements  largely  according  to  the  number  of 
electrons  they  possess.  Now  if  we  have  a  system 
of  J^3  electrons,  or  electronic  systems,  as  they 
may  be  (the  complexity  of  the  spectra  of  ele- 
ments argues  similar  complexity  in  the  electron),  it 
is  possible  to  arrange  such  a  number  of  electrons  in 
very  simple  sjTnmetrical  systems,  which  may  be  illus- 
trated by  the  comers  of  a  cube,  which  are  2  3  in  number, 
or  by  the  sides  of  an  octahedron,  which  are  2  3  in  number. 
A  similar  sjTnmetry-  is  obtainable  with  m  x  2'  systems. 
The  atomic  weight  of  iron  is  about  56,  i.e.  (7  x  2'), 
and  it  may  be  that  this  peculiar  symmetry'  endows  the 
atom  and  its  agglomerates  with  the  properties  of  ferro- 
magnetic bodies.  There  is  also  a  peculiar  sj-mmetry 
associated  vvith  the  number  7.  For  instance,  a  regular 
hexagon  is  formed  by  one  central  point  and  six  surround- 
ing it,  at  equal  distances  iiovn.  the  centre  and  from  each 
other.  Such  a  system  may  be  regarded  as  being  com- 
posed of  six  equilateral  triangles,  and  such  a  plane 
figure  can  only  be  formed  by  a  7-point  tj-pe  of  s>^nmetr5^ 
The  other  elements  which  exhibit  magnetic  properties 
either  alone,  or  when  associated  with  certain  other 
elements,  as  in  the  case  of  manganese  in  the  Heusler 
alloys,  possess  atomic  weights  very  close  to  56,  as 
Professor  Marchant  has  stated.  The  four,  manganese, 
iron,  nickel  and  cobalt,  have  atomic  weights  between 
55  and  59,  while  there  is  a  relatively  large  jump  to 
chromium  (52)  below,  and  to  copper  (63)  above,  both 
of  which  are  non-magnetic.  If  we  assume,  and  it  is 
of  course  a  large  'assumption,  that  electronic  number 
distribution  determines  atomic  properties,  including 
magnetism,  then  it  would  appear  that  atomic  weight, 
which  is  associated  with  electronic  number,  must  govern 
such  things  as  magnetic  properties,  and  magnetic 
properties  must  be  the  result  of  something  dependent 
upon  number  and  probably  upon  a  peculiar  symmetry' 
associated  with  number. 

Colonel  R.  E.  B.  Crompton  :  I  think  this  is  an 
epoch-making  paper,  but  I  am  sorry  that  after  all 
the  trouble  we  have  taken  in  standardizing  symbols 
the  author  should  introduce  new  ones.  The  corre- 
spondence in  which  I,  as  Honorary-  Secretary  of  the 
International  Electrotechnical  Commission,  shall  be 
involved  in  consequence  from  aU  parts  of  the  world  wiU 
be  a  serious  matter.  As  no  doubt  the  discussion  on 
this  paper  will  continue  for  some  time,  the  paper  will 
be  discussed  in  all  parts  of  the  world. 

Mr.  J.  D.  Morgan  (communicated)  :  A  more  favour- 
able time  could  hardly  have  been  chosen  for  bringing 
forward  again  the  subject  of  permanent  magnets,  and 
this  paper  will  have  been  read  with  eagerness  by  many 
who  have  been  working  independently  on  some  of 
the  problems  discussed  in  it.  I  will  limit  my  remarks 
to  a  brief  observation  on  one  practical  point.  The 
author  shows  in  section  (23)  how  to  compute  the 
minimum  volume  of  magnet  steel  which  will  produce 
a  particular  result.  He  starts  by  assuming  that  a 
certain  energy  is  required  in  a  given  magnetic  field 
and  proceeds  to  calculate  how  that  energy  can  be  most 
economically    provided.     I    submit    that    to    start    off 
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with  the  idea  of  energy  in  the  field  brings  with  it  pecu- 
liar and  unnecessary  difficulties.  It  would  appear  that 
the  author  has  had  some  consciousness  of  this,  from  the 
fact  that  he  has  devised  arbitrary  units  to  avoid  the 
quantity  8  .t  which  necessarily  occurs  in  the  energy 
equation.  To  me  it  seems  easier  to  state  the  problem 
thus  :  A  given  flux  is  required  in  a  given  air-gap. 
Show  how  the  least  volume  of  magnet  steel  is  to  be 
found.  The  attack  is  commenced  by  putting  down 
the  familiar  equation 


N  =  M/p 


(I) 


where  N  =  flux    required  ; 

M  =  magnetomotive  force  ; 
p  =  reluctance. 

Obviously  (i)  is  not  in  a  form  which  gives  much  help, 
and  it  must  be  transformed  by  multiplying  both  sides  by 
Np,  giving 

N=p  =  N  .  M  =  B  A  .  H  L  =  B  H  .  A  L      .     (2) 

where  B  and  H  have  the  usual  significance,  and  A  and 
L  denote  area  and  length  of  magnet  respectively.  N^p 
contains  the  condition  of  the  problem.  B,  H,  are  corre- 
lated on  the  demagnetization  curve  ;  and  A,  L,  are  con- 
nected with  the  answer  to  be  sought.  When  the  product 
B  H  is  a  maximum,  the  product  A  L  is  a  minimum.  This 
argument  leads  to  the  same  result  as  that  given  by  the 
author,  but  it  seems  to  keep  the  essential  factors  N 
and  p  more  directly  in  view  than  one  which  merges 
them  m  an  equation  of  energy. 

Mr.  W.  Phillips  (communicated)  :  All  users  and 
makers  of  permanent  magnets  owe  the  author  a  debt 
of  gratitude  in  establishing  a  practical  working  theory 
of  permanent  magnets.  Up  to  the  present  their  design 
has  been  more  or  less  a  rule  of  thumb  matter.  There 
is  one  point  upon  which  I  should  like  to  be  enlightened. 
It  is  the  common  experience  of  makers  of  permanent 
magnets  that  very  often  the  best  are  cracked.  These 
cracks  may  run  longitudinally,  or  at  times  directly  or 
partially  across  the  section.  It  seems  to  me  that  the 
presence  of  the  cracks  may  somewhat  modify  the  theory 
of  the  internal  arrangment,  and  I  should  be  glad  to 
learn  what  modification,  if  any,  is  necessarj^  to  account 
for  the  usual  high  strength  of  the  magnet  despite  the 
presence  of  these  defects. 

Mr.  E.  B.  Wedmore  (communicated)  :  Whilst  the 
author  promises  further  contributions  on  the  practical 
application  of  his  theories,  I  hope  we  may  yet  have  also 
some  further  contributions  on  the  theoretical  side. 
The  diagrams  in  the  early  part  of  the  paper  serve  the 
author's  immediate  purpose,  but  before  progress  can 
be  made  something  more  elaborate  will  be  necessary. 
We  are  dealing  with  a  problem  in  three  dimensions 
(for  the  moment  leaving  out  Einstein  and  the  fourth 
dimension),  and  diagrams  in  two  dimensions  will  not 
take  us  far.  We  are  accustomed  to  such  diagrams  in 
works  on  chemistry,  but  they  are  not  very  convincing. 
Whatever  the  simplest  arrangement  of  the  rings  may 
be  in  non-magnetized  iron,  it  must  be,  in  the  mass  as 
a  whole,  a  symmetrical  one  in  three  dimensions  and 
cannot  therefore  be  a  simple  extension  of  that  shown 


in  the  di&grams,  as  will  be  seen  at  once  if  we  endeavour 
to  place  corresponding  arrows  on  the  12  edges  of  a 
cube.  A  study  of  three-dimensional  space-lattices 
shows  that  there  are  remarkably  few  possible  symme- 
trical arrangements.  Suppose  we  take  a  large  non- 
magnetized  crystal  of  a  paramagnetic  material,  we 
have  grounds  for  believing  (see,  for  example,  the  works 
of  Professor  Bragg)  that  we  have  a  body  in  which  the 
atoms  are  grouped  according  to  one  of  the  known  space- 
lattices,  and  the  axes  of  the  rings  are  grouped  to  satisfy 
the  condition  of  no  external  field.  If  the  atoms  now 
absorb  each  others'  fields  by  the  fonnation  of  interlinking 
loops  also  on  a  space-lattice  pattern  both  homogeneous 
and  symmetrical  throughout,  then  when  the  material 
is  magnetized  in  any  direction  we  shall  have  a  breaking 
down  of  an  arrangement  S5'mmetrical  in  three  dimen- 
sions into  one  symmetrical  in  two  dimensions  only. 
This  involves  a  much  more  drastic  change  than  is 
shown  by  a  two-dimensional  diagram,  and  until  we 
have  a  complete  description  of  what  occurs  I  find  it 
difficult  to  believe  that  there  would  not  be  a  passage 
through  one  or  more  intermediate  stages  of  partial 
polarization,  involving  steps  from  one  configuration  to 
another.  It  may  be  possible  to  secure  large  enough 
crystals  of  iron  or  a  group  large  enough  and  symme- 
tricall)'  placed  to  test  this.  In  iron  as  we  know  it,  in 
the  bulk  the  irregularities  of  structure  would  cause 
sufficient  irregularities  in  the  process  of  breakdown  to 
cover  up  any  steps  which  might  be  involved  in  the  in- 
tegral portions.  It  may  be,  however,  that  the  absence 
of  magnetic  polarity  in  a  crystal  of  iron  may  be  due  to 
the  internal  structure  of  the  individual  atom.  On  a 
priori  grounds  this  seems  to  offer  a  better  chance  of 
fitting  in  with  the  existence  of  magnetizable  and  non- 
magnetizable  materials,  for  if  the  simple  ring  construc- 
tion illustrated  corresponds  to  the  facts,  why  is  it  that 
we  cannot  highly  magnetize  materials  having  atoms  in 
which  there  are  just  a  few  electrons  aroimdthe  nucleus  ? 
If  it  is  because  of  some  neutralization  by  magnetic 
interlocking,  how  can  this  exist  in  the  gaseous  state 
when  the  atoms  are  freely  travelling  ?  And  if  not  in 
this  state,  we  could  magnetize  the  gas  and  then  cool 
it  in  a  magnetic  field  and  so  get  a  magnetized  solid. 
But  enough  of  speculation  ;  we  want  some  crucial 
experiments,  and  I  suggest  that  possibly  the  examination 
of  crystals  may  bring  out  some  new  facts.  I  would 
ask  whether  crystals  show  homogeneous  permeability 
or  axial,  and  whether  the  breakdown  is  in  steps. 

Mr.  S.  Evershed  (in  reply,  communicated)  :  I  need 
not  say  how  very  much  I  appreciate  the  cordial  way 
in  which  the  paper  has  been  received.  The  value  of 
a  paper  of  this  kind,  speculative  as  it  must  be  on  the 
theoretical  side,  was  very  well  put  by  Mr.  Young,  and 
I  can  truly  say  that  in  preparing  it  my  aim  has  been 
not  so  much  to  propound  new  theories  as  to  stimulate 
thought  by  restating  Ampere's  and  Ewing's  theories 
in  the  light  of  modern  knowledge  of  the  electronic  con- 
stitution of  the  atom.  The  discussion'  has  covered  a 
wide  field,  and  naturally  enough  it  has  been  directed 
for  the  most  part  to  the  formidable  difficulties  which 
confront  the  phj'sicist  when  he  attempts  to  build  up 
an  atom  out  of  electrons  and  endow  it  with  all  the  funda- 
mental   properties — chemical,    electric    and    magnetic. 
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together  with  a  multiplicity  of  modes  of  vibration — 
which  are  characteristic  of  the  real  atom. 

In  basing  the  paper  on  Ampere's  hypothesis  I  have 
taken  for  granted  the  presence  of  electrons  travelling 
in  molecular  circuits,  and  liave  assumed  their  orbits 
and  their  speed  to  be  such  as  will  give  the  iron  molecule 
the  magnetic  moment  which,  from  experiment,  it  is 
known  to  possess.  I  have  not  ventured  to  penetrate 
the  mystery  of  the  atom,  with  its  positive  nucleus 
and  highly  complicated  system  of  electron  orbits. 
Remembering  that  in  Ewing's  model,  which  faithfully 
reproduces  the  cyclic  curve  of  magnetization,  the 
magnetic  elements  are  little  compass  needles  of  demon- 
strably constant  magnetic  moment,  I  feel  justified  in 
attributing  the  same  constancy  to  the  iron  molecules 
with  their  electronic  currents,  and  for  the  purpose  of 
the  paper  I  regard  magnetic  molecules  as  so  many 
current  rings  carrying  constant  currents  and  behaving 
like  a  Ewing  model  made  up  of  a  lot  of  little  moving 
coils  connected  to  a  battery,  or  other  source  of  energJ^ 

At  this  point  jMt.  Atkinson  dissents  from  my  view, 
saying  in  effect  that  in  the  case  of  the  molecular  cir- 
cuits there  is  no  battery  and  no  source  of  energy  corre- 
sponding to  it ;  nothing  to  keep  the  molecular  current 
constant.  Now  I  do  not  suppose  that  Mr.  Atkinson 
and  I  are  at  variance  in  our  ideas  about  energy,  and 
the  need  for  an  available  store  of  it  if  the  mole:ules 
are  to  behave  as  I  believe  they  do  ;  but  perhaps  we 
have  neither  of  us  succeeded  in  making  a  completely 
satisfactory  statement  of  the  problem.  When  I  wrote 
that  on  passing  from  the  unstable  to  the  stable  state, 
the  energy  of  a  mass  of  magnetic  molecules  increases, 
I  was  thinking  not  of  the  total  energy  of  the  system 
but  solely  of  that  part  of  it  with  which  we  are  more 
immediately  concerned  in  dealing  with  permament 
magnets,  the  magnetic  energy  associated  with  the 
mutual  induction  of  the  molecular  circuits,  and  I  ought 
to  have  made  that  clear.  The  question  whether  the 
molecular  current  really  is  constant  or  not  is  an  old 
controversy,  and  I  certainly  thought  it  had  been  finally 
disposed  of  by  LangevLn.  No  one  would  think  of 
traversing  Maxwell's  conclusion  that  a  current  in  a 
circuit  of  no  resistance  cannot  remain  constant  under 
electromagnetic  induction  unless  there  is  an  electro- 
motive force,  or  some  other  source  of  energy,  to  main- 
tain it.  We  are  surely  all  agreed  about  that  so  far  as 
the  principle  is  concerned,  and  I  imagine  that  the 
difference  between  Mr.  Atk'nson's  view  and  my  own 
really  turns,  not  on  the  fact  that  changes  in  current 
strength  take  place,  but  on  the  magnitude  of  those 
changes.  Mr.  Atkinson  tells  us  that  the  changes  in 
the  molecular  current  "  must  be  very  great  "  ;  Langevin, 
as  I  understand  him,  proves  them  to  be  quite  negli- 
gibly small.  So  small  indeed  as  to  be  quite  beyond 
experimental  detection  with  any  magnetic  fields  we 
can  produce  at  present ;  although  if  we  should  ever 
be  able  to  apply  fields  of  several  mUlion  gauss  there 
would  probably  be  another  story  to  tell. 

But  quite  apart  from  Maxwell,  who  was  unacquainted 
with  electrons,  and  Langevin  who,  knowing  about 
electrons,  was  mainly  concerned  with  the  explanation 
of  diamagnetism,  it  seems  to  me  that  the  question  of 
the  magnitude  of  the  current  change  in  the  electronic 


molecule,  when  electromagnetic  changes  occur,  is  one 
for  a  little  wholesome  arithmetic.  Let  me  state  the 
problem  in  my  own  way  and  bring  it  to  the  test  of 
aritlunetic  if  I  can.  Take  the  simple  case  dealt  with 
by  Maxwell;*  but  instead  of  ascertaining,  as  he  did, 
the  action  of  a  magnetic  field  produced  by  a  circuit 
of  any  kind  on  a  molecular  circuit  of  no  resistance, 
let  us  suppose  the  field-producing  circuit  is  itself  a 
molecular  circuit,  so  that  we  have  two  identical  circuits 
of  no  resistance,  each  having  an  area  s  and  carrying 
a  current  which  in  the  initial  state  of  things  may  be 
denoted  by  tj.  Then  if  nt  is  the  mass  of  an  electron, 
Vi  the  initial  velocity  of  the  electrons,  e  the  electron 
charge,  and  x  the  number  of  electrons  in  each  circuit, 
the  energy  in  the  system  of  two  circuits  when  in  relative 
positions  of  zero  mutual  induction  will  be  : 

Mxv^  -j-  Li, ; 

L  being  the  self-inductance  of  each  circuit.  In  this 
state  each  circuit  applies  a  torque  to  the  other,  equal 
to  ildMidd,  and  they  therefore  move  round  on  their 
pivotal  axes  in  a  direction  which  increases  their  mutual 
induction.  Their  rotation  will  continue  until  the  mutual 
induction  reaches  a  maximum  value  M,  and  ultimately 
they  will  come  to  rest  in  this  position,  their  energy  of 
rotational  or  deflectional  motion  having  been  dissipated 
as  heat.  Denoting  this  wasted  energy  by  W,  and  indi- 
cating the  final  electron  velocity  and  current  by  Vi 
and  t2  respectively,  then,  provided  no  energy  is  given 
to  the  system,  the  energy'  equation  between  the  initial 
and  final  states  will  be  : 

mxvl  +  Lil  —  W  =  nixvl  -j-  Lt'  -f  Mij     .     (37) 

If  the  molecular  orbits  were  like  ordinary  electric 
circuits,  the  wasted  energy  W  would  be  equal  to  the 
increment  in  the  energy  of  mutual  induction,  namely 
Mil.  But  for  the  present  purpose  it  is  not  necessary 
to  assume  that  equality,  and  provisionally  we  may 
put  W=tMjj.  Here  k  is  a  constant  which  would 
be  zero  if  it  were  possible  for  the  relative  movement 
of  the  two  molecules,  from  the  initial  to  the  final  state, 
to  take  place  without  any  waste  of  energy.  But  the 
constant  cannot  in  any  case  exceed  unitj-,  and  it  will 
be  seen,  presently,  that  the  question  at  issue  does  not 
depend  on  the  precise  value  which  A:  may  have. 

If  ;-  is  the  radius  of  the  molecular  circuit  and  n  the 
number  of  revolutions  per  second  which  the  electrons 
make  round  their  orbits,  theny  =  2 tt^",  and,  remember- 
ing  that   i  =  e  n  x,  we   shall  have  v\  =  ( j  i\   and 

vl  =  I )  i\.  Substituting  these  values  in  equa- 
tion (37)  and  putting  Trr'  =  s,  then  : — 


(I  -I-  k)  M 


4775 


+  L 


1 


(38) 


Now    although    numerical    valiies    for    some    of    the 
quantities   in    this    equation    are    at    best   conjectural, 

♦  "  Electricity  and  Magnetism,*'  vol.  2,  art.  836. 
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yet  if  the  two  circuits  are  regarded  as  two  adjacent 
molecules  placed  at  a  distance  of  about  3/10^  cm.  between 
their  centres,  and  if  any  reasonably  possible  values 
are  assigned  to  the  other  quantities,  then  the  magni- 
tude of  the  fraction,  which  represents  the  decrement 
of  the  square  of  the  current,  will  be  found  to  be  quite 
negligible  compared  with  unity.  For  example,  if  we 
take  the  accepted  figure  for  the  mass  of  the  electron  as 
8 -8/ 10^^  gramme,  and  suppose  the  other  quantities  to 
have  the  values  I  have  given  for  them  in  the  paper, 
then  L  will  be  found  to  be  of  the  order  i-'^lio'  C.G.S. 
magnetic  units  ;  and  for  two  molecules  of  iron,  each 
containing  56  electrons,  the  magnitude  of  the  fraction 
will  be  (1  -f  ft)  X  0-7/1,000,000. 

To  err  in  the  direction  which  over-estimates  the 
decrement  of  current,  we  can  suppose  k  to  have  its 
maximum  possible  value,  namely,  unity,  which  will 
give  the  fraction  its  greatest  value,  namely  : 


2M/f47r 


mx 

e-  x^ 


or  in  the  arithmetical  example  2  X  0-7/10*.  Remem- 
bering that  the  square  root  of  the  difference  between 
unity  and  any  very  small  fraction  is  equal  to  the 
difference  between  unity  and  half  the  fraction,  equation 
(38)   now  reduces  to 

M  ) 

— 1-  *         .     .     (39) 

47rs--—  +  L 
e^  x' 

and,  with  the  values  taken  by  way  of  example,  this 
equation  becomes  : 

Final  current  =  initial  current  x  (  i  — —  ) 

\  1,000,000/ 

It  should  now  be  noticed  that  if  A;  =  o  is  a  possible 
condition,  then  the  value  of  the  fraction,  or  in  other 
words  the  decrement  of  current,  would  be  half  the 
amount  given  in  the  above  equation. 

So  far,  then,  my  arithmetic  confirms  the  conclusion 
arrived  at  by  Langevin,  that  the  change  in  the  mole- 
cular current  which  results  from  electromagnetic  in- 
duction is  negligibly  small,  for  it  appears  that  when 
two  electronic  magnetic  molecules,  placed  at  a  molecular 
distance  apart,  rotate  on  their  pivotal  axes  so  as  to 
increase  their  mutual  induction  from  zero  to  the 
maximum  value  which  it  can  have  for  the  given  distance, 
then  the  current  in  each  molecule  decreases  by  less 
than  one-millionth  part.  Hence  the  two  molecules 
are  able  to  behave  as  though  they  were  coils  connected 
to  a  battery,  for  they  contain  in  themselves  the  needful 
store  of  energy,  and,  so  far  as  permanent  magnets  are 
concerned,  the  laws  of  interaction  between  ordinary 
electric  circuits,  laws  with  which  we  are  all  familiar, 
may  be  applied  to  magnetic  molecules  without  sensible 
error. 

Maxwell  foresaw  the  possibility  that  electricity 
might   possess   mass   or   some    property   equivalent   to 

•  Mr.  Atkinson  has  referred  to  the  expansion  or  contraction  of  the  electron 
orbits  which  probably  takes  place  concurrently  with  changes  in  the  speed  of 
the  electrons.  It  shoiild  be  noticed  that  any  alteration  in  the  orbit  areas  which 
may  come  about  in  this  way  must  be  an  expansion  when  the  speed  falls,  and 
vice  versa ;  hence  by  treating  s  as  constant,  in  arriving  at  equation  (39),  the 
magnitude  of  the  decrement  of  current  is,  if  anything,  over-estimated. 


mass,  but  in  treating  of  the  induction  between  circuits 
of  no  resistance  he  took  no  account  of  it.  Suppose 
we,  too,  leave  the  mass  of  the  electrons  out  of  account 
by  putting  m  =  o,  so  that  the  first  term  in  the  denomi- 
nator of  the  fraction  in  equation  (39)  vanishes.  The 
equation  for  initial  and  final  currents  in  each  of  the 
two  molecular  circuits  then  becomes  simply 

,,  = '.  (i  -  x)  =  '■«  (^  -  ^;) =*■'('-&;)••  (4°) 

which  is  Maxwell's  equation  for  the  case  of  a  circuit 
producing  a  field  H  acting  on  a  molecular  circuit  of 
area  s  in  which  the  initial  current  is  »',  and  the  final 
current  i^. 

It  is  interesting  to  note  that  Maxwell,  with  unerring 
finger,  pointed  to  the  fraction  Hs/Ljj  as  containing 
the  answer  to  the  question  whether  Weber's  theory 
of  magnetization — which  assumed  constant  magnetic 
moment,  constant  molecular  current  on  Ampere's 
hypothesis — was  well  founded  or  the  reverse.  He 
clearly  foresaw  the  time  when  the  magnitude  of  the 
fraction  would  become  known  and  the  question  as  to 
the  degree  of  constancy  in  the  molecular  current  would 
be  answered,  and  he  pointed  out  that  the  value  of  the 
fraction  depended  in  part  on  the  proportion  between 
the  radius  of  the  molecular  circuit  and  that  of  the  section 
of  the  channel  in  which  the  molecular  current  flowed.'* 
But  he  makes  no  reference  to  the  effect  which  the 
mass  of  the  electricity  (if  it  should  be  found  to  possess 
any  such  property)  would  have  in  diminishing  the 
magnitude  of  Hi/Lij.  Nor  does  Maxwell  refer  to  what, 
in  the  absence  of  mass,  is  necessarily  the  principal 
factor  in  determining  that  magnitude  ;  namely,  the  pro- 
portion between  the  radius  r  of  the  molecular  circuit 
and  the  distance  d  between  adjacent  molecules.  Yet, 
as  I  shall  now  show,  when  the  case  of  two  identical 
molecules  is  taken,  so  that  Hi/Lt^  becomes  simply 
M/L,  we  have  only  to  express  M  and  L  in  terms  of 
molecular  dimensions  to  arrive  at  once  at  the  principal 
factor  in  the  ratio  M/L.  For  two  identical  circuits 
of  small  size  compared   with  their  distance  apart  : — 

M=   2S=/(i3=  2TT''r*ld3. 

For  a  circular  circuit  L  =  47r>'log  (i-39»'/a),  where  a 
stands  for  the  radius  of  section  of  the  conductor,  or, 
as  Maxwell  calls  it,  the  channel,  in  which  the  current 
flows.     Hence  Wl^  =  2TT'r*li\nr  d^log  {i-  ig  ria),  or 


M 

l' 


2log(i-39Wa) 


(40) 


The  electrons  running  round  a  moleciilar  orbit  cannot 
be  said  to  be  moving  in  a  well-defined  channel  of  measur- 
able transverse  dimensions,  nevertheless  it  is  possible  to 
make  a  reasonable  guess  at  the  radius  of  an  equivalent 
section  of  channel  so  to  speak.  And  it  should  be  noticed 
that  we  might  extend  our  choice  for  the  size  of  channel 
over  very  wide  limits  without  affecting  the  value  of 
log  (1-39  ria)  so  far  as  its  order  of  magnitude  is  concerned. 
An  example  or  two  will  make  this  clear.  I  imagine  the 
size  of  an  electron  is  a  somewhat  elusive  quantity,  but  to 
err  on  the  safe  side — that  is  to  say  in  such  a  direction  as 
•  toe.  cil.,  vol.  1,  art.  844. 
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will  make  M/L  too  large  rather  than  too  small — I  shall 
assume  the  radius  of  an  electron  to  be  i-8/io'3  cm.  ; 
that  being  a  figure  given  by  Dr.  Crehore,*  and  the  largest 
estimate  I  have  come  across.  As  regards  the  radius 
of  orbit,  I  shall  adhere  to  the  value  I  assumed  in  the 
paper,  namely  r=  1-5/109  cm.,  which  gives  the  orbit 
a  diameter  equal  to  one-tenth  of  the  distance  between 
centres  of  molecules.  I  set  no  store  by  this  particular 
proportion  of  orbit  to  molecular  distance,  but  it  seems 
obvious  that  if  the  electrons  are  to  perform  their  revolu- 
tions round  the  orbit  without  suffering  violent  per- 
turbations from  the  action  of  neighbouring  molecules 
r  must  be  very  much  less  than  d.  Now  suppose  the 
cross-section  of  the  equivalent  channel  has  a  radius 
equal  to  that  of  the  electron — and  it  cannot  very  well 
be  less  than  that — then  we  shall  find  log  (1-39  c/a)  =  9-4. 
Or  if  we  make  the  channel  10  times  that  size  then 
log  {i -39  r/a)  =  7-1,  or  if  it  is  100  times  the  radius  of 
the  electron,  then  log  {i-39>'/a)  =  4-8.  From  these 
numerical  examples  it  is  clear  that  the  ratio  rja,  which 
was  the  only  factor  considered  by  Maxwell,  is  of  rela- 
tively small  importance,  and  the  dominant  factor  in  the 
fraction  M/L  is  the  ratio  r^ld^.  Hence,  in  view  of  the 
reason  I  have  just  refererd  to  for  believing  r  to  be 
necessarily  ever  so  much  less  than  d,  the  ratio  r^ld^ 
must  in  any  case  be  a  very  sm.all  fraction,  and  what-  1 
e\'er  ralue  we  may  choose  for  ria — within  reasonablj- 
probable  limits  of  course — the  ratio  M/L  will  be  found 
to  be  quite  negligible  compared  with  unit}-.  In  other 
words,  the  final  molecular  current  will  not  be  sensibly 
less  than  the  initial  current.  If,  for  example,  we  assume 
the  radius  of  the  equivalent  channel  to  be  10  times 
the  radius  of  an  electron,  that  is  to  say  if  we  put 
a  =  i8/io'3  and  as  before  make  r  =  rf/20,  then  we  shall 
have  log(i-3g>-/a)  =  7-1  and 


The    equation    for    the    final    molecular    current    then 
becomes  : 

/  28       \ 

Final  current  =  initial  current  X   I  i . 

\  1,000,000/ 

Hence,  even  on  the  supposition  that  the  only  energy 
stored  in  the  system  is  that  associated  with  self  induc- 
tion, the  decrease  in  molecular  current  resulting  from 
iotational  movements  which  change  the  mutual  induction 
from  zero  to  maximum  is  quite  negligible  in  amount. 
So  much  for  the  action  of  one  molecule  on  another. 
To  determine  the  action  of  an  extraneously  applied 
magnetic  field  on  the  current  in  a  molecule,  our  fraction 
must  be  stated  in  the  form  Hs/Li^.  and  here  again  a 
little  arithmetic  will  develop  a  useful  sense  of  propor- 
tfon.  For  example,  if  we  wish  to  find  what  strength 
of  field  will  diminish  the  molecular  current  by  1  per 
cent,  we  must  put  Hs/Lt,  =  i/ioo,  or  H  =  Li^/ioos. 
Then,  leaving  the  mass  of  the  electrons  out  of  account 
and  taking  the  same  molecular  constants  and  dimen- 
sions as  before,  it  will  be  found  that  H  must  be  no  less 
than  1,500,000.  Obviously  then,  for  any  fields  we  are 
able  to  apply  in  practice,  the  fraction  Hi/Lt,  will  be 

•  Philosophical  Magazine,  1913,  vol.  36,  p.  56. 


negligibly  small  compared  with  unity,  and  there  will 
consequently  be  no  sensible  change  in  the  molecular 
current. 

To  sum  up  the  whole  matter,  the  test  of  arithmetic 
shows,  I  think,  conclusively,  that  in  the  fraction  H  s/L  i^ 
or  Mi./Ltj  or,  in  other  words,  the  ratio  of  the  induced 
flux  to  the  self-created  flux  threading  a  molecular 
circuit,  the  numerator  is  always  negligibly  small  com- 
pared with  the  denominator  ;  the  latter  representing 
the  relatively  vast  store  of  magnetic  energy-  contained 
in  the  magnetic  molecule.  It  is  this  enormous  dis- 
parity between  induced  flux  and  the  self-created  flux 
which,  quite  apart  from  the  mass  of  the  electrons, 
justifies  the  assumption  made  in  the  paper,  namely, 
that  in  dealing  with  the  ordinary  effects  of  permanent 
magnetism  Ampere's  molecular  current  may  be  regarded 
as  constant.  And  with  a  molecule  of  all  but  perfectly 
constant  magnetic  -moment,  theory  comes  into  lin^ 
with  the  only  experimental  evidence  we  possess,  namely 
that  afforded  by  the  Ewing  model  with  its  elements 
of  constant  magnetic  moment,  and  the  fact  that  the 
strongest  magnetic  fields  so  far  attainable  have  failed 
to  bring  about  any  detectable  diminution  in  the  maxi- 
mum intensity  of  magnetization  in  iron. 

For  my  part,  then,  I  accept  the  molecule  of  practi- 
cally constant  magnetic  moment,  and  I  do  so  the  more 
readily  because  it  provides  the  necessar>^  foundation 
for  Ewing's  explanation  of  the  cyclic  magnetization 
curve.  It  is  of  course  open  to  Mr.  Atkinson  or  to  anyone 
else,  starting  from  another  base,  to  explain  that  highly 
complicated  curve  in  some  other  way  ;  but  so  far  no 
other  rational  explanation  has  been  forthcoming,  and 
Ewing's  theory,  founded  on  the  molecule  of  constant 
magnetic  moment,  holds  the  field. 

I  need  not  refer  at  any  length  to  the  experiment 
with  a  magnet  and  soft  iron  keeper  carried  out  some 
30  years  ago  by  the  late  Dr.  S.  P.  Thompson*  and  adduced 
by  Mr.  Atkinson  in  support  of  his  argument.  The 
magnitude  of  the  flux-changes  which  take  place  at  the 
neutral  section  of  a  permanent-  magnet  when  a  soft 
iron  keeper  is  applied  or  removed  depends  on  the  pro- 
portion which  the  reluctance  of  the  air  path,  the  path 
short-circuited  by  the  keeper,  bears  to  the  whole  re- 
luctance of  the  magnetic  circuit,  and  in  all  cases  the 
reluctance  of  the  path  inside  the  magnet  itself  forms 
by  far  the  greater  portion  of  the  whole.  In  any  ordinary 
bent  magnet  in  which  the  two  limbs  are  parallel,  so 
that  the  end  faces  are  at  some  considerable  distance 
apart,  putting  on  a  keeper  or  pulling  it  off  makes  a  flux 
change  round  about  10  per  cent  at  the  neutral  section. 
If  a  magnet  is  shaped  so  that  its  ends  are  brought  closer 
together,  the  reluctance  of  the  air  path  is  considerably 
diminished,  and  the  flux  change  can  readily  be  reduced 
in  that  way  to  3  per  cent  or  less.  In  the  old-fashioned 
horse-shoe  magnet,  with  which  we  were  famiUar  in  our 
youth,  the  ends  are  so  close  together  that  the  reluct- 
ance of  the  air  path  between  the  end  faces  becomes 
almost  negligibly  small  compared  with  that  of  the 
magnet.  Hence,  in  a  magnet  of  that  t>^e  the  flux 
change  at  the  centre  when  the  keeper  is  put  on  or  taken 
off  is  reduced  to  a  very  small  amount,  and   it  would 

•  For  a  description  of  the  experiment,  see  "The  Electromagnet,"  by  S.  P. 
Thompson,  pp.  21 1-2 13. 
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not  be  surprising  to  find  that  it  had  escaped  detection 
with  the  testing  apparatus  employed  in  the  early  days. 
Obviously,  if  the  end  faces  were  brought  so  close  together 
as  to  come  into  contact,  there  would  no  longer  be  any 
air  path  to  short-circuit,  and  hence  in  the  limit  the 
flux  change  resulting  from  the  apphcation  of  a  keeper 
must  necessarily  fall  to  zero.* 

Major  Edgcumbe  and  other  speakers  referred  to  the 
question  of  stability  in  the  magnetization  of  permanent 
magnets.  This  is,  of  course,  a  %'ital  matter  for  the 
instrument  maker  and  even  more  \'ital  for  those  who 
depend  on  permanent  magnets  in  supply  meters.  I 
have  not  touched  on  stability,  however,  because  the 
subject  more  properly  belongs  to  the  manufacture  of 
magnets  than  to  their  predetermination.  The  same 
remark  applies  to  the  subject  of  cracks  in  hardening 
which  was  mentioned  b}'  Mr.  Phillips.  I  hope  on  another 
Occasion  to  deal  with  both  these  important  matters. 

Major  Edgcumbe  is  quite  right  when  he  says  that 
where  a  magnet  is  subjected,  in  ordinary  use,  to  powerful 
demagnetizing  forces,  the  economic  density  in  the  steel  , 
is  not  the  sole  factor  to  be  taken  into  account  in  design. 
In  aU  such  cases  economy  of  steel  can  only  be  secured 
by  eliminating  the  demagnetizing  forces,  or  by  j 
neutralizing  them  if  actual  elimination  is  impracticable. 
The  ordinary  ignition  magneto  is  a  peculiarly  imfavour- 
able  example  and,  so  long  as  no  successful  attempt  is 
made  to  eliminate  excessive  armature  reaction,  the 
magnets  must  necessarily  weigh  two  or  three  times  as 
much  as  an  economic  magnet.  [ 

Dr.  Marchant  drew  our  attention  to  the  curious  fact 
that  the  three  so-called  ferro-magnetic  elements  all  have 
about  the  same  atomic  weight.  This  is  unlikely  to  be 
a  mere  coincidence,  and  yet,  seeing  that  the  atomic 
weight  of  the  non-magnetic  element  manganese  comes 
nearer  to  that  of  iron  than  either  nickel  or  cobalt,  we 
are  left  wondering  what  it  all  means.  If  an3'one  should 
succeed  in  converting  a  non-magnetic  into  a  magnetic 
element  I  hope  it  will  be  one  of  higher  atomic  weight 
than  iron  and  therefore  containing  more  electrons. 
For  only  in  this  case  could  it  yield  an  equivalent  current 
of  more  than  17,000  amperes  per  cm.  and  be  an  improve- 
ment on  iron. 

I  heartily  concur  with  Mr.  Dowsett  when  he  urges 
physicists  not  Ughtly  to  abandon  well-tried  laws  every 
time  they  find  a  difficulty  in  explaining  natural  pheno- 


•  As  carried  out  by  Thompson,  or  rather  by  his  students,  the  magnet  and 
keeper  experiment  appeared  to  show  that  when  the  keeper  was  applied  or 
removed  there  was  no  flux  change  at  all  at  the  centre  or  neutral  section  of  the 
magnet ;  or,  as  Thompson  puts  it,  the  change  at  the  centre  was  certainly  less 
than  one  3,000th  part  of  the  flux  change  at  the  ends  of  the  magnet.  Believing 
his  experiment  to  be  correct,  he  came  to  the  conclusion  that  no  change  could  be 
effected  in  the  total  flux  in  a  permanent  magnet  by  putting  on  or  taking  off 
the  keeper. 

It  seemed  worth  while  to  refute  this,  or — if  miracles  can  happen — to  confirm 
it,  and  Dr.  Eccles  very  kindly  sent  me  the  identical  magnet  used  by  Thompson 
in  order  that  I  might  repeat  his  experiment.  The  magnet  is  a  very  large  one 
of  the  old  horse-shoe  pattern,  with  its  ends  very  close  together.  It  is  of  great 
length,  namely  108  cm.,  and  is,  in  fact,  by  far  the  longest  magnet  I  have 
ever  come  across.  With  such  unusual  proportions  we  might  reasonably 
expect  the  flux  change  to  be  exceptionally  small.  On  applying  or  removing 
the  keeper  I  found  a  marked  flux  change  at  the  centre,  amounting  to  1  per 
cent  of  the  flux  change  at  each  end  of  the  magnet.  In  other  words,  the  ratio 
(change  at  centre)/fchange  at  end)  instead  of  being  zero  or  at  any  rate  less 
than  1/3,000,  as  Thompson  believed,  is  actually  about  30/3,000.  The  change 
is  smaller  than  in  any  other  magnet  I  have  tested,  and  bears  out  what 
I  have  just  said  about  the  abnormal  proportions  of  the  magnet.  But,  small 
as  the  flux  change  has  proved  to  be  in  Thompson's  magnet,  it  could  not  possibly 
be  overlooked,  and  was  quite  easily  measured  with  accuracy.  One  can  only 
explain  Thompson's  negative  and  misleading  result  by  some  unnoticed  mishap 
m  conducting  his  experiment ;  possibly  an  accidental  break  in  the  circm't  of  his 
search  coil  and  galvanometer. 


mena.  But,  as  I  have  remarked  in  the  paper,  the 
problem  of  the  electronic  atom  is  one  of  extraordinary 
difficult^'  and  it  may  well  prove  incapable  of  solution 
until  additional  laws,  at  present  unrecognized,  have 
been  discovered  and  co-ordinated  with  those  we  already 
know.  My  scanty  knowledge  does  not  permit  me  to 
comment  either  on  Mr.  Dowsett's  model  atom  or  on 
Dr.  Rayner's  interesting  suggestions  with  regard  to 
the  general  behaviour  of  electron  orbits  in  a  mass  of 
molecules,  and  the  effect  of  symmetry  on  the  magnetic 
properties  of  the  mass.  Dr.  Rayner  spoke  in  very 
general  terms,  but  he  appeared  to  suggest  that  he  had 
in  mind  some  alternative  to  Ewing's  explanation  of  the 
magnetization  curve. 

Mr.  Watson  showed  us  a  very  ingenious  geometrical 
construction,  founded  on  Kennelly's  formula,  by  which 
he  is  able  to  set  out  the  demagnetization  curve  when 
three  pairs  of  co-ordinates  are  known.  To  determine 
the  three  co-ordinate  points  it  is  of  course  necessarj' 
to  pro\'ide  all  the  appliances  for  magnetic  testing,  and  for 
my  part  when  I  had  observed  those  three  cardinal  points 
I  think  I  should  always  prefer  to  go  on  and  observe 
half  a  dozen  more,  so  that  the  cur\'e  might  be  drawn 
entirely  from  experiment.  The  Kennelly  formula 
appears  to  agree  reasonably  well  with  the  magnetiza- 
tion and  demagnetization  curves,  an  agreement  which 
suggests  that  an  attempt  should  be  made  either  to 
correlate  the  formula  with  Ewing's  theory  of  the  mole- 
cular interactions  which  give  rise  to  the  cyclic  curve,  or 
to  demonstrate  that  the  formula  points  to  some  alterna- 
tive and  perhaps  simpler  explanation  of  the  actions 
which  are  summed  up  for  us  in  the  cyclic  curve. 

Mr.  Young  asks  for  an  explanation  of  the  fundamental 
diSerence  between  magnetic  and  non-magnetic  materials. 
I  wish  I  knew  the  answer,  but,  alas,  I  am  continually 
asking  the  same  question  myself.  I  suppose  there 
can  be  no  doubt  about  the  general  principle,  however. 
In  a  non-magnetic  molecule  there  must  be  at  least  two 
orbits  with  the  electrons  running  round  them  in  opposite 
directions  so  that  the  magnetic  moment  of  the  molecule 
as  a  whole  is  zero.  Langevin  has  shown  that  a  material 
composed  of  such  molecules  is  necessarily  diamagnetic. 
In  a  magnetic  material  we  may  suppose  that  the  electrons 
in  the  molecules  all  revolve  round  their  orbits  in  the 
same  direction,  or  at  all  events  that  there  is  a  preponder- 
ance in  the  same  direction.  In  the  paper  I  have  assumed 
that,  in  highly  magnetic  elements  like  iron,  all  the 
electrons  present  in  the  molecule  are  revolving  in  one 
direction. 

But  if  the  principle  is  within  our  grasp,  the  same 
cannot  be  said  of  the  details  of  the  molecular  machinery'. 
Iron,  as  we  all  know,  when  at  temperatures  round  about 
the  recalescence  point  becomes  non-magnetic  or  magnetic 
as  we  raise  or  lower  the  temperature  over  a  small  range, 
and  at  any  temperature  withm  that  range  iron  is  either 
magnetic  or  non-magnetic  according  to  whether  the 
particular  temperature  was  reached  from  below  or 
above,  ^^^lo  kno\vs  what  are  the  atomic  or  molecular 
rearrangements  which  apparently  cause  some  of  the 
electron  orbits  to  turn  right-about-face,  and  so  convert 
what  had  been  magnetic  molecules  into  the  non-magnetic 
or  diamagnetic  type  ?  That  such  fundamental  re- 
arrangements should  be  possible  is  perhaps  not  so  difficult 
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to  understand  when  they  occur  (as  they  do  in  iron)  at 
a  high  temperature,  because  at  high  temperatures  we 
beheve  the  atoms  to  be  vibrating  in  a  violent  fashion, 
wh:ch  gives  them  freedom  to  perform  evolutions  that 
would  be  impossible  if  they  were  at  rest.  But  what 
are  we  to  think  when  the  same  changes  are  found  to 
occur  at  a  -i-erj'  low  temperature,  as  they  do  in  the  nickel 
steel  which  ^Ir.  Young  mentioned  ?  When  this  steel 
has  cooled  down  in  the  ordinary-  course  of  manufacture 
from  a  high  temperature  to  ordinary  temperatures,  it 
is  found  to  be  all  but  non-magnetic  ;  electron  orbits 
back-to-back  as  it  were.  But  as  Hopkinson  showed,  if 
this  steel  (containing  25  per  cent  of  nickel)  is  cooled 
down  to  a  temperature  some  50°  C.  or  so  below  zero, 
it  becomes  very  strongly  magnetic  and  thereafter 
remains  in  that  state  at  ordinary'  temperatures.  To 
re-create  the  non-magnetic  molecular  arrangement  the 
steel  must  be  raised  temporarilj'  to  about  600°  C,  after 
which  it  will  remain  in  a  non-magnetic  state  at  ordinary 
temperatures.  Here,  then,  is  a  material  in  which  the 
electron  orbits  are  not  only  free  to  turn  right-about- 
face,  or  perform  some  equivalent  evolution,  at  a  high 
temperature,  but  can  perform  the  same  thing  the  other 
way  round  at  a  temperature  below  zero ;  so  low  a 
temperature,  indeed,  that  one  would  imagine  the  atomic 
heat  vibrations  to  be  too  feeble  to  give  any  effective 
assistance  in  bringing  about  those  extraordinary  re- 
arrangements which  must  take  place  when  the  steel 
changes  from  the  non-magnetic  to  the  magnetic  state  ; 
a  change  which  is  equivalent  to  the  electron  orbits  in 
each  molecule  suddenly  quitting  their  back-to-back 
positions  and  turning  round  until  they  all  face  one  way, 
so  that  the  electrons  all  revolve  round  their  orbits  in 
the  same  direction.  Again  we  are  left  wondering  what 
it  all  means.  The  metallurgist  murmurs  the  magic 
word  allotropy — but  we  are  none  the  wiser. 

Mr.  Morgan  is  inclined  to  think  that  I  have  introduced 
unnecessary^  difficulties  by  stating  the  magnetic  require- 
ment in  terms  of  energj^  the  product  of  flux  into  potential 
difference.  I  notice,  however,  that  when  he  himself 
proceeds  to  set  down  the  requirement  he  states  it  as 
the  product  of  the  square  of  the  flux  into  the  reluctance, 
which  is  of  course  the  energy  expressed  in  another  way. 
I  do  not  follow  the  st^s  by  which  he  identifies  what  I 
have  called  the  surplus  magnetomotive  force  of  the 
magnet  steel  with  H  on  the  demangetizing  curve.  He 
seems  to  jump  to  the  conclusion  that  these  two  quantities 
are  identical  in  magnitude,  whereas  I  have  gone  perhaps 
a  long  way  round  to  prove  that  they  are  so.  Now  that 
I  have  set  up  a  signpost  no  doubt  a  shorter  route  than 
mine  will  be  discovered,  but  I  can  assure  Mr.  Morgan 
that  a  satisfactory  proof  of  the  numerical  equality  of 
H  and  <f)  was  by  no  means  easy  to  find. 
,  As  to  the  units  by  which  magnetic  energy  is  measured, 
they  are  none  of  my  making  and  I  must  disclaim  all 
responsibiUty  for  them.  But,  after  all,  I  do  not  think 
it  very  much  matters  whether  we  measure  beans  by 
the  peck  or  by  the  bushel  so  long  as  we  have  enough  of 
them  and  they  really  are  beans. 

Mr.  Wedmore  quite  rightly  draws  attention  to  the 
very  limited  number  of  symmetrical  molecular  distribu- 
tions which  are  possible,  and  he  infers  that  the  magnetiza- 
tion or  orientation  of  a  single  crj-stal,  built  up  according 


to  any  one  of  the  possible  arrangements,  would  prove 
to  be  discontinuous.  Much  would  depend,  I  think,  on 
the  size  of  the  crj-stal.  I  feel  sure  that  if  it  were  large 
enough  to  give  a  measurable  flux  the  magnetization 
curve  would  be  of  the  normal  tj'pe  free  from  discon- 
tinuity, and  I  derive  my  belief  from  inspection  of  the 
cyclic  curve  given  by  a  model  *  containing  no  more 
than  24  elements,  representing  that  number  of  magnetic 
molecules.  Although  the  test-points  on  the  curve  show 
some  discrepancies,  the  curve  as  a  whole  certainly  suggests 
that  to  produce  any  marked  discontinuity  it  would  be 
necessary  to  obtain  a  cyclic  curve  from  a  single  crj'stal 
containing  less  than  24  molecules  and  therefore  of 
ultra-microscopic  dimensions.  For  this  reason,  while 
1  think  experiments  with  large  crystals  would  teach 
us  sometliing  useful,  I  doubt  very  much  if  they  would 
elucidate  the  particular  points  Mr.  Wedmore  has  in 
mind. 

I    agree    with    Mr.    Wedmore    that    two-dimensional 
diagrams  leave  something  to  be  desired.     That  some- 


FiG.  159. — Cyclic  process   of  magnetization   applied  to  a 
group  of  24  pivoted  magnets.     [Ewing.] 

thing,  as  it  seems  to  me,  is  imagination  ;  the  capacity 
to  think  in  three  dimensions  (or  more)  while  gazing 
at  a  diagram  in  two  dimensions.  Mr.  Wedmore  mentions 
the  sort  of  diagrams  one  sees  in  chemistry  books,  and 
I  recall  that  perhaps  the  earliest  chemical  diagrams 
were  Dalton's  quaint  drawings  of  atoms  bristling  with 
what  I  imagine  to  be  bonds  of  chemical  affinity. j 
Absurd  as  they  were,  those  drawings  did  something 
for  chemistry,  because  by  their  aid  Dalton  compelled 
chemists  to  think.  My  diagrams  are  equally  absurd  ; 
and  my  current  rings  too,  when  one  thinks  of  the  fright- 
ful complexity  of  the  electronic  atom.  Yet,  as  aids 
to  thought,  spurs  to  the  imagination,  they  will  serve 
a  useful  purpose  if  they  enable  others  besides  myself 
to  form  a  mental  picture,  however  dim,  of  what  is  going 
on  inside  a  permanent  magnet. 

•  J.  A.  Bwing:  "Magnetic  Induction  in  Iron  and  Other  Metais,"  p.  33.S. 
Fig.  159  (reproduced  by  tlie  courtesy  of  the  publishers,  Messrs.  Bean  Brothers), 
t  Dalton  :    "  New  System  of  Chemical  Philosophy.  *'  1810,  part  2. 
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ELECTRIC   RAILWAY   CONTACT   SYSTEMS. 
By  Sir  Philip  D.wvson,  Member. 

(Paper  received  i6  June,  avd  read  before  The  Institution,  30  June,   1920.) 


Introductory. 

I  have  bfeen  requested  by  the  Council  to  read  a 
paper  deahng  with  the  contact  systems  used  on  electric 
railways  from  which  the  current  to  feed  the  trains  is 
collected. 

There  are  two  distinct  types,  the  older  and  the  one 
most  generally  in  use  in  this  country  being  the  con- 
ductor or  live  rail,  which  is  only  in  use  with  direct 
current,  at  pressures  varying  from  500  to  1,300  volts, 
though  it  is  proposed  to  increase  the  pressure  with  this 
S5Stem  up  to  1,500  volts.  A  conductor  rail  with  a 
pressure  of  2,500  volts  has  been  tried  in  the  United 
States  but  has  been  abandoned,  and  so  far  there  are 
no  contact  rails  working  anJ'^vhere  at  a  pressure  over 
1,500  volts. 

The  general  detaUs  of  conductor  rail  construction 
are  well  known  and  will  only  be  briefly  dealt  with 
at  the  close  of  this  paper. 

\\here  pressures  of  3,000  volts,  DC,  or  6,000  to 
16,000  volts,  A.C.,  or  3,000  to  5,000  volts  three-phase 
are  concerned,  the  questions  of  safety  and  of  insulation 
have  made  it  imperative  to  use  overhead  conductors. 
There  is  one  case  in  this  country  where  an  overhead 
conductor  is  used  with  a  pressure  of  1,500  volts,  D.C. 
The  overhead  conductor  has  been  used  here  in  order 
to  clear  the  tracks  and  yards  of  live  conductor  rails. 

It  is  not  proposed  to  discuss  the  actual  question  of 
traction  systems  in  this  paper  ;  suffice  to  say  that  so 
far  only  three  countries  have  decided  to  standardize 
any  one  system  for  general  railway  electrification. 
These  countries  are  Sweden,  Switzerland  and  Germany, 
who  have  definitely  adopted  the  single-phase  16,000- 
volt  i6|-period  systena  with  an  overhead  conductor. 
France  is  at  the  present  moment  investigating  the 
matter,  and  it  appears  probable  that  if  they  arrive 
at  any  definite  conclusion,  thev  will  adopt  the  3,000- 
volt  D.C.  overhead  system,  thus  standardizing  the 
voltage  as  well  as  the  system. 

Italy  has  so  far  not  arrived  at  any  definite  conclusion, 
although  the  majority  of  their  railways  so  far  elec- 
trified are  on  the  three-phase,  i6-period,  3,000-volt 
system.  The  United  States  has  no  definite  standard 
although  the  Pennsylvania  Railroad  appears  to  have 
decided  on  the  single-phase  system  for  all  future  electri- 
fications. 

The  following  are  the  figures  regarding  the  principal 
electrifications  carried  out  in  the  United  States  : — 

The  New  York  Central  and  Hudson  River  Rail- 
road electrified  in  1906,  with  a  6oo-volt  under- 
running  protected  third  rail.  The  mileage  of  single 
track  electrified  to-day  is  258. 

The   Pennsylvania   Railroad   electrified   from    1905 


to  1910  the  West  Jersey  and  Seashore,  the  Long 
Island  and  the  Pennsylvania  terminal  with  600-volt 
Yi.C.   third   rail,   the  total   mileage   being  466. 

The  New  York,  New  Haven  and  Hartford  Railroad 
electrified  at  11,000  volts  single-phase,  25  periods, 
in   1907,   582  miles  of  single  track. 

The  Pennsylvania  Railroad  electrified  its  suburban 
system  in  Philadelphia  and  the  Norfolk  and  Western 
in  1913  on  the  single-phase  system,  25  periods,  at 
11,000  volts,  and  the  mileage  electrified  on  this  system 
is  now  201,  and  their  extension  on  the  Great  Horse- 
shoe Bend  is  going  to  be  on  the  same  system. 

The  Milwaukee,  St.  Paul  and  Puget  Sound  Railroad 
electrified  in  1913  on  the  3,000-volt  overhead  D.C. 
system. 

This  railroad  is  mainly  a  single-track  mountain 
railway  using  locomotives,  and  there  are  so  far  647 
miles  of  track  electrified. 

In  this  country  the  whole  question  is  under  examina- 
tion as  to  how  far  any  one  system  shall  be  adopted  as 
a  standard  for  general  railway  operation. 

Deahng  with  overhead  construction  for  railways  in 
a  country  where  traffics  are  very  intense  and  the 
hours  of  service  long,  the  overhead  construction  has 
to  be  a  very  different  thing  from  what  has  been  so 
satisfactorily  adopted  for  electric  tramways.  In  this 
case  it  is  obvious  that  the  overhead  construction  must 
present  factors  of  securitv  and  safety  at  least  equal 
to  those  obtaining  on  the  permanent  way,  and  it  must 
be  constructed  in  such  a  way  as  to  enable  any  main- 
tenance and  super\'ision  to  be  carried  out  in  the  very 
limited  periods  of  time  available  for  such  purposes. 

An  overhead  conductor  can  only  be  utilized  where 
the  currents  to  be  collected  from  it  are  relatively  small, 
as  experience  has  shown  that  heavy  currents  are  not 
only  difiicult  to  collect,  but  also  verj'  greatly  increase 
the  cost  of  maintenance. 

OVERHE.A.D  CONDUCTORS. 

(A)  General  Principles. 

The  overhead  construction  and  the  collector  arrange- 
ments on  the  coaches  or  locomotives  must  be  such 
as  to  make  it  certain  that  the  collector  bow  will  never 
be  liable  to  come  off  the  contact  wire,  and  must  also 
follow  the  contact  wire  with  the  utmost  flexibility, 
and  for  this  reason  the  ordinary  trolley-wire  construc- 
tion utilized  for  tramway  purposes  is  obviously  un- 
suitable :  in  other  words,  the  risk  of  a  collector  coming 
off  the  contact  wire  must  be  no  greater  than  the  risk 
existing  to-day  of  the  wheels  of  a  bogie  coming  off 
the  track. 
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The  overhead  construction  must  be  designed  and 
put  up  in  such  a  manner  that,  whilst  minimizing  the 
risk  of  faiUires,  the  cost  of  maintenance  and  the  time 
required  for  renewal  or  replacements  of  any  individual 
portion  requiring  attention  should  be  reduced  to  a 
minimum ;  at  the  same  time  the  capital  cost  must 
be   kept   as   low   as   possible. 


alterations  have  had  to  be  carried  out  both  in  the 
United  States  and  in  Germany,  the  principles  adopted 
in  connection  with  the  overhead  construction  on  the 
Brighton  Railway  were  such  that  the  overhead  con- 
struction in  operation  to-day  is  practically  identical 
with  that  originally  designed. 

The  Germans  adopted  in  the  case  of  the  Hamburg 


Trojley 
wire  ' 


Fig.   1. — Overhead  equipment:    names  of  parts. 

Distance  between  standards,  50  ft.  to  210  ft. 

Distance  between  trunnions,  2  It.  6  in.  to  7  ft. 

Distance  between  droppers,  10  ft. 

Size  of  trolley  wire,  7,0  S.W.G. 

Size  of  catenary  wire,  galvanized  steel  12, 13  S.W.G. 

Size  of  dropper  wire,  galvanized  steel  6  S.W.G. 

Strain  on  trolley  wire,  18  cwt.  at  60°  F. 

Breaking  strain  of  trolley  wire,  22  tons. 

Elastic  limit  of  trolley  wire,  ig  tons. 

Weight  per  yard  of  trolley  wire,  2'26  lb. 

Stagger  of  trolley  wire,  9  in.  from  centre  (existing). 

stagger  of  trolley  wire,  1 2  in.  from  centre  (proposed) 

Size  ol  pull-off  rods,  J-in.  steam  tube. 


In  1907  when  the  first  overhead  hues  for  main-line 
purposes  were  being  laid  out  in  Germany,  in  the  United 
States,  and  bv  the  Brighton  Railway,  various  principles 
of  construction  were  adopted  in  order  to  fulfil  the  re- 
quirements mentioned  above,  and  it  is  extremely 
satisfactory  to  be  able  to  state  that  whilst  considerable 


Suburban  Railway  single  insulation  and  a  system 
utilizing  counterweights  for  keeping  up  the  tension  of 
the  trolley  wire,  both  of  which  have  proved  unsatis- 
factory for  such  type  of  work. 

In  the  United  States  they  at  first  adopted  an  entirely 
rigid    form    of    overhead    construction,    practically    a 
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triangular  girder,  the  three  longitudinal  members  of 
which  were  the  two  catenary  supporting  wires  and 
the  trolley  wires  which  were  kept  in  position  by  tubular 
stays.  It  was  found  necessary  to  add  a  flexible  wire 
under  this  triangular  construction,  as  the  solid  conductor 
wire  resulted  in  hammering  and  conduced  to  failures. 

On  the  Brighton  Railway  the  principles  adopted  in 
1907  were  : — 

That  the  conductor  wire  should  be  as  flexible  as 
possible   and   that   all   hard   spots   should   be   avoided. 

That  double  insulation  was  essential  and  that  the 
mechanical  as  well  as  the  electrical  factor  of  safety 
of  the  insulators  and  overhead  construction  must  be 
very  considerable. 


Provision  was  also  made  when  designing  the  insulators 
that  there  might  be  no  possibiUty  of  moisture  or  water 
collecting  and  freezing,  thereby  fracturing  the  insulation. 

The  general  arrangement  in  use  and  the  principal 
parts,  as  well  as  their  chief  dimensions  and  nomenclature, 
are  shown  in  the  accompanying  isometric  sketch 
(Fig.  i),  which  was  prepared  for  the  use  of  the  employees 
of  the  railway  so  that  they  might  be  familiar  with 
the  names  and  uses  of  the  various  parts. 

(B)  Clearanxes. 
Limiting    factors    in    the    erection    of    an    overhead 
conductor   sj-stem   are   the   clearances   at   bridges,    in 

tunnels    and    under    any    other   structures,    which    are 


Anale  /or  .filing  boir  strips 
Fig.  2. — End  view  of  bow  gear  showing  clearances. 


That  all  insulators  should  be  placed  in  positions 
where  they  would  be  least  subjected  to  the  direct 
effects  of  the  hot  gases  given  off  from  the  steam  loco- 
motives. 

That,  with  the  exception  of  comphcated  yards  and 
cross-overs,  the  Up  and  Down  Unes  should  be  sec- 
tionahzed  so  as  to  be  able  to  be  cut  out  independently, 
whilst  the  complicated  cross-over  roads  and  yards 
were  designed  in  such  a  way  as  to  be  sufficiently  short 
to  be  coasted  over. 

That  insulators  should  be  only  utilized  under  com- 
pression, and  that  elastic  substances  should  always 
be  placed  between  the  insulator  and  its  solid  support, 
as  well  as  between  it  and  the  mechanical  construction 
which  it  supported. 


necessary-  for  electrical  purposes,  between  the  live 
conductors  and  the  loading  and  construction  gauges. 
Fig.  2  shows  the  various  clearances  existing  to-day 
between  the  hve  portions  of  the  bow  gear,  the  loading 
gauge,  and  the  old  and  new  minimum  structure  gauges 
on  the  Brighton  Railway.  It  will  be  seen  from  this 
diagram  that  the  contour  of  the  bow  practically  follows 
the  contour  of  the  loading  gauge,  also  that  under 
present  conditions  the  ordinary  running  width  of  the 
bow  is  18  inches,  or  9  inches  on  either  side  of  the  centre 
hne.  This  is  the  stagger  at  present  adopted  for  the 
overhead  construction  on  the  Brighton  Railway,  although 
for  the  future,  in  consequence  of  the  experience  gained, 
this  stagger  will  be  increased  to  a  maximum  of  1  foot 
on  either  side  of  the   centre  hne.     The  width  of  the 
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actual  collector  strip  is  9  inches  greater  on  either  side 
of  the  centre  Une  (in  addition  to  the  9  inches  allowed 
for  stagger),  or  18  inches  in  all  on  either  side  of  the 
centre  hne,  in  order  to  allow  for  the  rolling  of  the  coach 
and  for  special  conditions  existing  on  very  sharp  curves, 
and  this  has  been  found  ample  in  practice. 

The  general  conditions  of  clearances  which  govern 
our  construction  are  as  follows  : — 

Height  of  live  conductor  above  rail  level. — The  lowest 
live  conductor  on  the  L.B.  &  S.C.  Railwaj'  is  13  ft. 
9  in.  above  rail  level,  i.e.  3  inches  above  our  loading 
gauge.     This  happens  at  Tennison-road  Bridge,  Gipsy- 


There  is  a  case  on  the  L.B.  &  S.C.  Railway  where 
a  2j  inches  air  clearance  has  been  running  for  a  con- 
siderable period  without  trouble  occurring.  For  a 
long  time  there  were  four  places  with  a  clearance  of 
from  3  inches  to  3I  inches  and  no  trouble  occurred. 
Owing  to  improved  construction,  and  for  the  sake  of 
standardization,  these  places  have  recently  been  im- 
proved to  give  4  inches  clearance. 

Minimum  standard  clearances. — Working  on  the 
principles  given  above  we  can  get  a  flexible  overhead 
Une  construction  within  a  minimum  of  10  inches  from 
the  loading  gauge  to  the  structure,  i.e.  wdthin   14  ft. 


EBi//>r   en/aai 


S5J  ]  Underside   of  girder  T  ^      ^         Underside    of  girder 

i     11         '  ■ 

URKHAiL       RISE      BRIDGE 


If? 


CROI/C    LAKE    TU/IHEL 


KHIGHTS      HILL     BRIDGE  CKrSTAL  PALACE   TUIIfEL 

Fig.  3. — Examples  of  low  bridges  and  tunnels  on  L.B.  &  S.C.  Railway. 


house  Bridge,  Boutflower-road  Bridge,  St.  John's-hill 
Bridge  (Up  main),  and  Larkhall-rise  Bridge. 

This  3-inch  clearance  has  v.-orked  quite  satisfactorily, 
though,  of  course,  a  minimum  clearance  of  4  inches 
between  the  loading  gauge  and  the  Uve  vnx&  is  worked 
to  when  possible.  It  is  considered  that  4  inches  wiU 
be  quite  satisfactory  for   11,000  volts. 

Electrical  clearances  between  how  gear  and  structure. — 
Four  inches  is  considered  to  be  the  minimum  vertical 
point-to-point  electrical  air  clearance  which  should  be 
allowed  for  voltages  from  6,000  to  1 1,000  ;  therefore 
a  minimum  of  4  inches  vertically  and  3  inches  hori- 
zontally is  pro\-ided  from  any  part  of  the  Uve  bow 
to  a  structure  at  any  height  after  the  proper  allowance 
for  rolUng  has  been  made.  The  rolUng  allowance  in 
the  case  of  the  Brighton  Railway  is  5  inches  on  either 
side  when  the  centre  of  the  bow  is  at  16  feet  above 
rail  level,  which  is  the  normal  height  of  the  trolley 
wire. 

Electrical  and  mechanical  clearances  between  overhead 
equipment  and  structures. — In  this  case  it  is  also  con- 
sidered that  the  minimum  point-to-point  electrical 
air  clearance  from  any  Uve  part  of  the  overhead  Une 
equipment  to  the  structure  should  not  be  less  than  4 
inches  verticaUy  and  3  inches  horizontally  for  voltages 
from  6,000  to  11,000. 


4  in.  above  rail  level,  which   lo-inch  space  is  utiUzed 

as  follows  : — 

4  inches — Air  clearance  between  loading  gauge  and 

underside  of  trolley  wire. 
2   inches — Depth  of  flexible  Une   construction. 
4   inches — Air   clearance   between   top   point   of   Uve 

construction  and  structure. 

There  are  probably  20  cases  of  6  inches  overall  from 
the  underside  of  the  Uve  wire  to  the  nearest  structure, 
running  satisfactorily  to-daj'  ;  and  two  of  4^  inches 
where  there  is  a  short  space  of  about  12  feet  under 
the  footbridges  at  Streatham  Hill  and  West  Norwood, 
in  which  two  cases  the  "  Uve  construction  "  consists 
of  a  single  troUey  wire  supported  at  either  end  of  the 
bridge. 

Fig.  3  gives  the  section  and  dimensions  of  some 
of  the  worst  cases  that  have  had  to  be  dealt  with. 

In  practice  it  has  been  found  that  there  are  a  few 
isolated  cases  where  the  clearances  required  for  a  Uve 
conductor  are  not  available  and  where  the  cost  of 
alterations  necessitated  to  procure  these  would  be 
excessive  and  would  not  be  justified  by  the  results 
gained.  On  the  whole  of  the  running  Unes  so  far 
electrified,  equivalent  to  70  miles  of  single  track,  there 
are  only  four  instances  where  sufiicient  clearances  for 
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a  live  conductor  do  not  exist.  Three  of  these  occur 
at  the  bridges  at  the  entrance  to  or  in  Victoria  Station, 
where,  owing  to  the  lack  of  clearance,  it  has  been  found 
necessary  to  install  earthed  conductors.  One  of  these 
bridges  just  outside  Victoria  Station — Ebury  Bridge — 
is  shown  in  Fig.  3  in  section,  and  the  two  others  are 
Elizabeth  (see  Fig.  A,  facing  page  844),  and  Eccleston 
Bridges.  Fig.  C  is  a  view  taken  from  inside  Victoria 
Station  looking  outwards,  showing  the  bridges  in  the 
distance.  The  difficulty  in  this  case  is  accentuated  by 
the  fact  that  owing  to  men  having  to  circulate  on  the 
roofs  of  steam  trains  in  Victoria  Station,  the  height  of 
the  trolley  wire  inside  the  station  is  19  ft.  9  in.  above 
mean  rail  level,  and  the  drop  from  this  level  to  the  leV-el 
under  the  bridges  is  5  ft.  10  in.,  which  is  dealt  with 
at  a  gradient  of  i  in  10,  as  the  maximum  speed  at  which 
the  gradients  have  to  be  taken  does  not  exceed  25  miles 
per  hour.  In  order  to  avoid  danger  of  short-circuits, 
a  neutral  section  is  interposed  between  the  hve  wire  and 
the  earthed  section  under  the  bridge  (see  Figs.  E  and  G). 
The  contours  of  these  sections  have  been  designed  in 
such  a  way  that  they  take  care  of  the  inertia  of  the 
bow  and  the  rapidity  with  which  it  rises  and  falls,  with 
the  result  that  there  is  practically  no  hammering  of 
the  bow  when  entering  or  leaving  these  sections. 

One  other  bridge  necessitating  a  dead  section  is 
on  the  Up  side  at  Knight's  Hill,  close  to  West  Norwood 
station,  also  sho^\T^  in  Fig.  3. 

Another  flat  and  very  low  bridge  is  Larkliall  Rise  on 
the  South  London  hne,  shown  in  Fig.  3  and  Fig.  H,  but 
in  this  case  a  hve  wire  is  carried  tlirough  the  bridge. 

Another  very  low  and  difficult  structure  is  Denmark- 
hill  Tunnel,  on  the  South  London  line,  photographs 
of  which  are  shown  in  Figs.  F,  J  and   K. 

Other  illustrations  show  Grove-lane  Tunnel  (Fig.  L) 
at  the  other  end  of  Denmark  Hill,  a  very  low  footbridge 
(Fig.  N)  at  Wandsworth-road  Station  on  the  South 
London  line,  which  has  had  to  be  raised  a  few  inches, 
two  forms  of  overhead  construction  used  under  one 
bridge  on  the  Crystal  Palace  line  at  Streatham-hill 
Station  (Fig.  O),  Streatham-hill  Tunnel  (Fig.  M)  and 
the  standard  tunnel  construction  which  has  also  been 
apphed  in  the  Crystal  Palace  and  Knight's-hill  Tunnels, 
also  the  entrance  to  London  Bridge  (Fig.  P). 

(C)  Sectioning  of  System. 

As  has  already  been  mentioned,  the  line  has  been 
divided  into  sections  which  can,  if  necessary-,  be  isolated 
from  each  other  with  a  view  to  locating  faults  and  to 
minimizing  any  delay  that  might  be  caused  therebj'. 
The  general  system  adopted  is  clearly  shown  in  the 
diagrams  of  connections  (Figs.  4  and  5),  which  represent 
every  overhead  conductor  installed  and  the  entire 
switching  gear  and  distribution  system  used  to  feed 
and  control  the  whole  system. 

It  is  obviously  necessary  to  sectionalize  the  hne, 
and  the  only  satisfactory  manner  of  doing  this  without 
limiting  the  speed  at  which  trains  can  traverse  such 
sections  is  by  the  use  of  air-gaps  at  the  end  of  each 
section.  Under  ordinary  conditions,  and  where  there 
are  no  comphcated  crossings  or  junctions,  this  is  a  very 
easy  matter,  as  one  conductor  can  be  brought  to  a  ter- 
minal and  anchored  whilst  another  conductor  is  started 


at  the  point  of  section,  so  that  the  collector  bow  on  a 
short  section  runs  in  contact  with  the  conductor  wires 
of  two  adjacent  sections. 

However,  at  certain  points  and  crossings  and  com- 
phcated junctions  this  was  found  to  be  a  very  difficult 
matter.  Both  in  Germany  and  in  the  United  States  this 
difficulty  has  been  met  by  putting  in  section  insulators 
mechanically  connecting  the  adjacent  sections.  Ex- 
perience has  shown  that  this  method  caused  flashing 
and  knocking  of  the  bow  collector,  causing  complica- 
tions and  Umiting  the  speed  at  wliich  such  connections 
can  be  negotiated.  This  difficulty  has  been  entirely 
overcome  by  the  special  patented  device  designed  for 
the  Brighton  Railway  (see  Fig.  D,  Plate  II) . 

It  has  already  been  stated  that  whilst  on  ordinary 
running  fines  the  Up  and  Down  lines  are  easily  sec- 
tionalized,  there  are  one  or  two  cases  of  cross-overs, 
junctions  and  the  yards  of  terminal  stations  where 
this  may  become  difficult,  and  the  special  air-gap 
insulator  mentioned  above  has  been  of  great  assistance 
in  overcoming  such  difficult}-.  Here  the  whole  of  the 
overhead  hne  is  electrically  and  mechanically  connected 
and  formed  into  what  is  known  as  junction  sections. 
The  entrance  into  such  a  junction  section  is  shown 
in  one  of  the  lantern  shdes,  and  each  of  the  junction 
sections  is  separately  fed  and  controlled,  as  shown 
in  Figs.  4  and  5.  These  junction  sections  are  so  laid 
out  as  not  to  exceed  a  length  which  can  easily  be  coasted 
over  should  a  defect  render  it  necessary  for  one  such 
section  to  be  cut  out. 

(D)  Maintenance. 

In  connection  with  the  electrification  of  the  Brighton 
Railway  there  is  one  section  between  Battersea  Park 
and  Peckham  Rye  on  the  South  London  hne  over 
which  there  is  practically  no  steam  traffic,  and  which 
is  practically  entirely  operated  electrically,  whilst  on 
the  other  electrified  sections,  and  p&rticularl)'  on  the 
Crystal  Palace  fine  there  exists  in  addition  to  the  electric 
service  a  very  heavy  steam  service,  which  during  the 
years  of  war  was  exceptionally  heav}-  on  the  Crystal 
Palace  line  owing  to  the  abnormally  heavy  munition 
traffic  handled  by  the  Brighton  Railway. 

As  will  be  seen  from  the  following  diagrams  which 
have  been  taken  from  the  very  careful  records  kept 
during  the  last  10  years,  the  maintenance  costs  and 
rene\\als  of  the  overhead  construction  are  very  largely 
affected  by  steam  operation. 

The  efficiency  of  the  overhead  system  as  regards 
the  veiy-  small  number  of  defects  and  delays  arising 
therefrom  is  shown  in  Fig.  6.  The  larger  number  of 
defects  in  1911  and  1912  over  those  in  1913  is  due  to 
the  fact  that  the  Crystal  Palace  line  was  opened  in 
May  191 1,  before  it  had  been  reallj'  properly  completed 
owing  to  the  Festival  of  Empire,  and  the  drop  of  defects 
in  1913  is  due  to  these  having  been  remedied.  The 
rise  after  1914  is  entirely  due  to  the  War,  owing  to  the 
heavy  munition  steam  traffic  over  the  Crystal  Palace 
hne.  Even  so  the  defects  which  caused  delays  ex- 
ceeding half-an-hour  are  extraordinarily  rare. 

Fig.  7  shows  the  percentage  of  both  the  primary 
and  secondary  insulators  renewed  on  the  whole  system 
per    annum  ;    whilst   Fig.    8   shows   the   total   number 


FiG-  A. — Elizabeth  Bridge,  Victoria  Station. 


Fig.  B.— Victoria  Station  Yard. 


laic  J -I. 


Fig.  C. — Victoria  Station. 


Fig.  D. — Section  Insulator,  Victoria  Station  Yard 


Fig.  E. — Dead  Section,  Victoria  Station. 


F;g.   F. — ^Denmark  Hill  Tunnel,  Victoria  Side. 


Fig.  G. — Dead  Section,  Victoria  Station. 


Fig.  H. — Larkhall  Rise  Bridge,  Wandsworth  Road. 


Fig.  J. — Denmark  Hill  Tunnel,  London  Bridge  Side. 


Fig.   K. — Denmark  Hill   Tunnel,  London   Bridge  Side. 


"^late  ri. 


Fig.  L. — Grove  Lane  Tunne!,  Denmark  Hill. 


Fig.  M. — Strcatham  Hill  Tunnel. 


Fig.  X. — Footbridge,  Wandsworth  Road  Station. 


Fig.  O. — Bridge  at  Streatham  Hill  Station. 


^'late  I  111. 


Fig.  p. — London  Bridge  Yard. 


Fig.  Q. — Oak  Point  Yard  ;  New  York,  New  Haven  and  Hartford  Railroad. 
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and  percentage  of  primary  and  secondary  insulators 
renewed  on  the  South  London  and  Crystal  Palace 
hnes. 

It  will  be  seen  from  the  top  figure  of  this  latter 
diagram  that  not  a  single  primary  insulator  has  been 
renewed  on  the  wholly  electric  section  of  the  South 
London  line.  Considering  that  there  are  altogether 
7,000    primary    and    14,000    secondary    insulators,    the 
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Fig.  6. — Overhead  defects  causing  delays  to  traffic  working 
exceeding  3  minutes. 

result  shown  can  be  considered  to  be  eminently  satis- 
factory. 

Fig.  9  shows  the  percentage  of  trolley  wire  renewed 
on  the  whole  of  the  overfiead  system  since  it  was  first 
operated  electrically  in  1909. 

As  has  already  been  mentioned  the  wear  of  the 
trolley'  wire  is  largely  if  not  entirely  dependent  on  the 
amount   of   current   collected.     This   is    borne   out    by 
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Fig.  7. — Percentage  renewal  of  primary  and  secondary 
insulators  per  annum. 

the  actual  measurements  carried  out  during  the  last 
10  years,  the  results  of  which  are  recorded  in  Fig.  10, 
It  will  be  seen  from  the  two  top  figures  of  this  diagram 
that  the  wear  on  the  trolley  wire  where  no  current  is 
taken  is  nearly  neghgible,  and  the  data  given  on  this 
diagram  are  typical  of  measurements  made  at  a  very 
large  number  of  structures  at  other  places  where  no 
current  is  collected,  and  are  borne  out  by  the  amount 
of  trolley  wire  which  has  actually  had  to  be  renewed 
during  the  past   10  years. 

Vol.  58. 


That  the  wear  is  proportional  to  the  amount  of 
current  collected  is  shown  by  all  three  diagrams  in 
Fig.  10  and  is  corroborated  by  many  other  measure- 
ments made  where  heavy  and  medium  currents  have 
to  be  collected. 

Figs.    II   and    12   show   the   percentage   of   catenary 
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-Insulators  renewed  on  account  of  stone-throwing, 
electric,  mechanical  and  steam  causes. 

7,000  primary'  insulators  in  use. 
14,000  secondary  insulators  in  use. 


and  dropper-wire  renewals  during  the  last  10  years. 
Here  again  the  large  increase  in  these  renewals  during 
the  years  of  war  is  practically  entirely  due  to  the 
extraordinarily  heavy  steam  traffic. 

The  influence  of  steam  on  the  maintenance  of  catenary 
and  dropper  wires  is  clearly  shown  in  Fig.  13.  The 
top   figure   represents   a   typical    i-mile   section   of  the 


-f 

/ 

— 

V 

" 

<o  J 

/ 

\ 

y 

/ 

> 

\ 

r 

1^ 

/ 

\ 

/ 

/ 

-^ 

/ 

\ 

/ 

/ 

S 

Y 

\ 

/ 

c 
c 

1- 

/ 

^ 

^ 

/' 

\ 

/ 

-1 

< 

3 

0 

s 

1- 

1 

a 

1 
4 

f 

a 

•1 

u 

0 

1- 

< 

> 
1 

t 

h 

c 

H 

-1 

c 

> 

»- 
0 

0 

M 

Fig.  9. — Percentage  renewal  of  trolle}'  wire  per  annum. 

South  London  Une,  which  is  operated  entirely  by  electric 
traction,  where  not  a  single  catenary  wire  has  been 
renewed.  There  are  150  miles  of  catenary  wire,  so 
that  the  amount  renewed   has   been  very  small. 

The  two  other  diagrams  in  Fig.  13  show  two  parallel 
lengths  of  a  mile  on  the  Crystal  Palace  hne,  one  with 
very  httle  electric  and  very  hea\'y  steam  operation 
and  the  other  the  Local  hne  on  which  there  is  a  mixed 
steam  and  electric  ser\'ice,  from  which  it  will  be  seen 
that  the  hnes  over  which  there  is  the  greatest  steam 
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traffic  are  subject  to  the  greatest  cost  of  maintenance. 
The  experience  gained  on  the  Brighton  Railway, 
where  very  great  precautions  were  taken  in  order  to 
ensure  absolute  safety  of  operation,  has  shown  that 
a   simpler   form   of   construction   and    one   which   will 
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No  current. 
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A.  St.  No.  286  Down  local.     Victoria  to  Battersea  Park.      Lower  part  of 

Grosvenor  Bank. 
Heavy  running  current. 

B.  St.  No.  666  Down  line.     West  Norwood  to  Gipsy  Hill. 

Starting  curreat. 

Fig.   10. — Relative  wear  on  trolley  wire. 


considerably  decrease  the  cost  of  construction  and 
maintenance  can  be  adopted,  and  one  has  been  designed 
and  tried  and  will  be  employed  in  connection  with  any 
extensions  which  may  be  carried  out. 


(E)  Overhead    Construction    Adopted    by    other 
Railways. 

Having  discussed  the  overhead  construction  in  use 
on  the  Brighton  Railway  for  the  last  10  years,  a 
few  illustrations  of  the  sj-stems  adopted  by  other 
railways  may  be  of  interest. 
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Fig.  i  i  . — Percentage  renewal  of  catenary  wire  per  annum. 

Pennsylvania  Railroad. — Lantern  slides  show  the 
straight  line  and  curve  construction  adopted  for  the 
Paoli  section  of  the  Pennsylvania  Railroad  at  Phila- 
delphia, also  the  lines  leaving  Broad-street.  This 
construction  was  completed  in  1914-1915.  It  will  be 
noted  that  a  single  catenary  form  of  construction  has 
been  here  adopted,  which  simplifies  and  cheapens  the 
construction. 

New  York,  Keiv  Haven  and  Hartford  Railroad. — A 
lantern   slide   shows   the   triangular   rigid    construction 

1909 
I9I0 
I9II 
1912 
191 3 
I9I4 
I915 
1916 
I9I2 
1918 
1919 

4 
1920 

Fig.  12. — Percentage  renewal  of  dropper  wires  per  annum. 

originally  adopted,  with  the  flexible  wire  which  had 
to  be  installed  later  on  underneath  it.  Fig.  Q 
(Plate  \TII)  shows  the  biggest  goods  yard,  in 
Haarlem,  which  has  so  far  been  operated  electrically. 
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Prussian  State  Railways. — A  lantern  slide  shows  the 
construction  adopted  by  the  Prussian  State  Railways 
on  their  electrified  lines. 
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St.  No.  560-530,     Down  main  line.     Approx.  1  mile,  Clapham  Junction 
South  box  to  near  Wandsworth  Common  station. 

About  I  per  cent  electric  service  ;  very  heavy  steam,  passenger  and 
goods  service. 

Fig.   13. — Relative  renewal   of  dropper  wires  and  catenary 
wires. 

100,000  dropper  wires  installed, 

150  miles  of  catenary  wire  installed. 


Swedish  State  Railways. — A  lantern  slide  shows  the 
principle  adopted   by  the   Swedish  State  Railway. 
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CONDUCTOR  R.\ILS. 

(a)  General  retnarks. — \\'hen  we  deal  with  the  question 
of  conductor  rails,  it  maj-  be  observed  that  owing  to 
the  large  mileage  of  these  installed  in  this  country 
there  is  a  very  considerable  amount  of  information 
available  regarding  them  which  has  been  pubUshed 
from  time  to  time  both  in  papers  which  ha\e  been 
read  before  the  various  Institutions  and  in  articles 
published  in  the  technical  Press. 

(6)  Types  of  conductor  rails. — At  the  present  moment 
there  are  three  types  of  conductor  rails  in  general  use 
if  we  consider  them  from  the  point  of  view  of  form  of 
current  collection. 

Over-riinning,  where  the  shoe  rests  on  the  top  portion 
of  the  rail,  being  kept  there  by  means  of  gravity  or 
springs,  as  is  the  case  on  the  Underground  Railway 
system,  the  London  and  South-^^'estem,  the  North- 
Eastem,  the  London  and  North-Western,  and  the 
Lancashire    and   Yorkshire    Liverpool-Southport    line. 

Under-running,  where  the  current  is  collected  from 
the  lower  surface  of  the  rail,  the  rail  being  supported 
from  the  top  and  the  contact  being  pressed  upwards 
by  means  of  springs  against  the  conductor  rail.  This 
system  is  not  at  present  in  use  in  this  countn,-,  although 
installed  to  a  very  considerable  extent  in  the  United 
States  and  on  the  Continent. 

Side-running,  such  as  was  designed  and  installed  by 
Sir  John  Aspinall  on  the  Manchester-Bury  section  of 
the  Lancashire  and  Yorkshire  Railway,  where  the 
current  is  collected  from  the  side  of  the  conductor 
rail  by  means  of  a  collector  pressed  laterally  against 
the  conductor  rail  by  means  of  springs. 

(c)  Some  construction  details. — Conductor  rails  have 
to  be  interrupted  at  crossings  and  at  complicated 
portions  of  the  track,  and  in  order  to  enable  trains  to 
leave  and  again  make  contact  with  the  conductor 
rail  at  high  speed  either  vertical  or  lateral  ramps  have 
to  be  installed  to  bring  the  collector  shoe  into  gradual 
touch  with  the  conductor  rail. 

Jumper  cables  have  to  be  provided  in  order  to  connect 
electrically  the  different  sections  of  the  conductor-rail 
system,  and  experience  has  shown  that  where  possible 
these  should  be  laid  either  above  ground  or  on  the 
surface,  so  as  to  be  easily  accessible  from  the  point 
of  vievf  of  repairs  and  maintenance.  Provision  has 
also  to  be  made  by  means  of  section  switches  or  links 
to  sectionalize  the  conductor  rail  so  as  to  be  able  to 
isolate  portions  of  it  when  required,  in  order  to  renew 
or  repair  portions  of  the  track  or  in  case  of  derailment. 

The  shape  of  the  conductor  rail  varies  very-  much 
and  no  standard  exists  for  this  at  present,  neither  has 
any  standard  yet  been  definitely  adopted  by  all  railwavs 
for  the  height  or  actual  position  of  the  conductor  rail. 

The  rails  must  be  of  a  special  chemical  composition 
so  as  to  give  the  highest  conductivity  consistent  with 
durabiUty. 

Referring  to  the  question  of  gaps,  with  pressures 
up  to  1,300  volts  no  very  great  froubles  with  over- 
pressures have  so  far  been  encountered  owing  to  contact 
shoes  making  and  breaking  contact,  and  it  is  therefore 
quite  possible  to  coast  over  lengthy  gaps  where  multiple- 
unit    trains    are    used.     This    becomes    difficult   if    not 
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impossible  where  electric  locomotives  are  used  to  haul 
heavy  loads  and  where  a  gap  would  mean  a  complete 
interruption  of  energy  to  the  train.  In  order  to  over- 
come this  difficulty,  both  on  the  New  York  Central  and 
Hudson  River  Railroad  and  on  the  Pennsylvania 
Railroad,  on  complicated  sections  where  the  conductor 
rail  has  had  to  be  interrupted  an  overhead  construction 
to  carry  an  overhead  conductor  rail  has  had  to  be 
installed. 

With  conductor  rails  operating  at  600  volts,  experi- 
ence has  shown  that  under  normal  conditions  no  pro- 
tection is  required  or  advisable,  and,  in  fact,  there 
are  many  cases  where  such  protection  having  been 
originally  installed  has  now  been  removed,  not  merely 
to  reduce  the  cost  of  maintenance,  but  because  it  has 
been  found  that  a  conductor  rail  without  such  pro- 
tection formed  a  smaller  obstruction  to  the  operating 
staff  than  a  protected  one.  Notwithstanding  the  great 
mileage  so  far  installed,  the  number  of  fatal  accidents 
due  to  persons  coming  into  contact  with  the  conductor 
rail  is  very  small,  and  such  accidents  have  more  generally 
occurred  in  the  case  of  trespassers  than  of  employees. 

Where,  however,  a  pressure  of  1,200  or  1,500  volts 
is  in  use,  the  conductor  rail  must  be  protected,  and 
a  very  suitable  form  of  protection  for  a  side  contact 
has  been  adopted  bj'  the  Lancashire  and  Yorkshire 
Railway   on  their  Manchester-Bury  section. 

The  most  suitable  material  for  this  protection  in 
this  country  has  been  found  to  be  Jarrah  wood. 

Whilst  on  certain  railways  in  certain  cases  it  has 
been  found  necessary  to  anchor  the  conductor  rail, 
experience  on  other  lines  seems  to  show  that  this  is 
not  always  either  necessary  or  desirable. 

Insulators  at  present  in  general  use  are  made  of 
porcelain,  earthenware,  "  Siluminite,"  reconstructed 
granite  and  various  other  substances,  and  the  normal 
spacing  is  somewhere  in  the  neighbourhood  of  9  feet 
or  10  feet  apart. 

The  only  serious  delays  which  have  so  far  been  caused 
in  this  country  in  connection  with  the  conductor- 
rail  system  are  in  the  case  of  those  railways  where  top 
contact  is  made  when  abnormal  weather  conditions 
have  caused  the  rail  to  be  covered  with  a  thin  layer  of 
ice.  So  far  this  difficulty  appears  to  have  been  over- 
come either  by  under-running  or  by  side-running. 

As  regards  the  question  of  wear  and  tear,  it  is  very 
difficult  owing  to  the  varying  conditions  of  climate, 
operation  and  location,  to  come  to  any  definite  con- 
clusion, but  experience  in  the  open  air  on  the  Metro- 
politan District  Railway  would  seem  to  indicate  that 
the  loss  of  rail  due  to  wear  and  tear  and  corrosion 
may  be  taken  at  something  like  i  lb.  per  yard  per  annum, 
half  of  which  is  due  to  wear  and  the  other  half  to 
corrosion. 

[d)  Systems  for  conductor  rails. — So  far  as  the  systems 
of  conductor  rail  adopted  in  this  country  are  con- 
cerned, it  may  be  said  that  there  are  two  definite 
principles  at  present  in  operation  and  a  third  has  been 
proposed.  In  the  case  of  the  MetropoHtan  and  the 
]\Ietropolitan  District  Railways,  owing  to  the  fear  of 
the  drop  in  the  return  circuit  being  limited  to  such 
a  figure  by  the  Board  of  Trade  as  to  make  it  difiicult 
to   reaUze  with  an  ordinary  track  rail  return,   these 


railways  have  adopted  double  conductor  rails,  one 
positive  and  the  other  negative,  the  track  rails  not  being 
utilized  as  a  part  of  the  return  circuit.  This  arrange- 
ment has  brought  about  certain  defects  in  connection 
with  insulation  of  the  apparatus  on  the  trains,  par- 
ticularly when  the  negative  conductor  rail  becomes 
earthed  from  any  reason,  due  to  over-pressures.  The 
necessity  of  using  two  insulated  conductor  rails  ob- 
viously increases  both  the  capital  and  maintenance 
costs  of  the  conductor  system. 

The  other  sj-stem  is  that  adopted  by  the  North- 
Eastern,  the  Lancashire  and  Yorkshire,  and  the  London 
and  South-Western  Railways,  and  is  one  where  only 
one  insulated  conductor  rail  is  employed,  the  track 
rails  being  utilized  for  the  return  circuit  either  with 
or  without  a  supplementary  bonded  rail  or  return 
conductor.  This  additional  rail  is  bonded  to  the  track 
rails  and  serves  merely  for  carrying  current  and  is 
not  insulated  from  earth. 

With  a  view  to  getting  the  benefit  of  3,000  volts 
pressure,  but  at  the  same  time  not  having  to  utilize 
any  motors  wojind  for  a  higher  pressure  than  1,500 
volts,  and  in  order  to  do  away  with  any  large  currents 
returning  through  the  track  rails,  Mr.  Raworth,  the 
Electrical  Engineer  of  the  South-Eastern  and  Chatham 
Railway,  has  proposed  the  adoption  of  a  conductor- 
rail  system  recjuiring  two  insulated  conductor  rails 
per  track,  the  track  rails  serving  as  a  neutral.  A 
similar  system  has  been  running  for  some  years  on 
the  Nord-Sud  line  in  Paris  which  operates  with  an 
overhead  conductor  and  insulated  conductor  rail,  the 
difference  of  potential  between  these  being  1,200  volts, 
and  the  track  rails  serving  as  neutral  of  a  three-wire 
system. 

Voltage-drops  in  Earth-return  Circuits. 

(a)  Direct  current.  —  The  permissible  voltage-drop 
in  the  earthed  return  is  the  most  important  factor 
in  the  case  of  direct  and  alternating-current  systems 
of  traction. 

At  the  present  time  there  have  been  very  considerable 
departures  from  the  original  standard  as  dictated  by 
the    Board    of    Trade    for    maximum    voltage-drop    in        j 
rails  of  electric  tramways  where  direct-current  systems        1 
are   concerned.       The   maximum   allowance   of   7  volts 
imposed    on    tramways    has    compelled    such    railways 
as   have   electrified    under   parliamentary   powers,    and        J 
who    feared    similar    regulations    being    imposed    upon        1 
them,    to    install    insulated    return-current    conductor 
rails. 

Other  railways  not  so  situated  are  operated  with 
rail  drops  perhaps  exceeding  for  short  periods  20  times 
that  figure.  Either,  therefore,  the  Board  of  Trade 
limit,  as  imposed  on  tramways,  is  unduly  severe  if 
apphed  to  railways,  or  there  is  an  amount  of  damage 
gomg  on  by  way  of  electrolysis  which  must  sooner  or  || 
later  involve  considerable  trouble. 

Since  substation  distance,  and  therefore  the  economic 
operation  of  direct  and  alternating-current  systems, 
are  directly  affected  by  rail  drop,  a  time  seems  to  have 
arrived  when  some  decision  should  be  taken  on  this 
point.     The  anomaly  of  one  railway  being  afraid  of 
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being  limited  to  a  7-volt  drop  while  another  is  unre- 
stricted should  be  removed. 

(6)  Alternating  current. — At  one  time  it  was  con- 
sidered that  alternating  current  had  no  harmful  effect 
so  far  as  electrolysis  was  concerned,  and  in  any  case 
this  effect  is  verj'  small  compared  %\-ith  direct  current. 

The  Board  of  Trade  has  recognized  that  a  higher 
pressure  drop  can  be  admitted  with  alternating  than 
with  direct  current.  The  first  regulation  laid  down  was 
200  volt-minutes  for  a  period  not  exceeding  10  minutes, 
which  means  that  for  short  periods  the  drop  may  be 
twice  as  much.  The  question  of  cost  is  very  largely 
governed  by  the  number  of  substations,  and  this  in 
its  turn  is  governed  by  the  maximum  drop  allowed  in 
the  track  return. 

The  limitations  of  rail  drop  are  therefore  governed 
by  considerations  of  economy  and  of  inductive  effects. 
The  latter  have  not  proved  by  any  means  so  trouble- 
some as  had  been  prophesied,  the  effects  of  rail  imped- 
ance being  largely  counterbalanced  by  the  compara- 
tively small  current  transmitted  in  the  alternating- 
current  system. 


Conclusion. 

It  is  not  the  intention  of  this  paper  to  make  any 
comparison  between  the  merits  or  otherivise  of  con- 
ductor rails  and  the  overhead  system,  but  merely  to 
give  information,  particularly  as  regards  overhead 
conductors,  about  which  at  the  present  moment  very 
little  is  generall)-  known  in  this  country.  It  is,  how- 
ever, obvious  that  the  presence  of  a  charged  rail  near 
the  track  must  increase  the  cost  of  maintaining  the 
permanent  way,  and  this  is  borne  out  by  the  fact  that 
men  working  on  track  with  a  charged  rail  have  been 
authorized  to  receive  special  extra  pay  at  the  rate 
of  2S.  per  week. 

As  regards  overhead  conductors,  this  difficulty  is 
done  away  with  except  for  the  painting  of  the  valances 
of  the  roofs  at  stations  near  which  the  live  conductor 
passes.  There  will  be  a  slight  increase  in  the  cost  of 
painting  these  due  to  the  presence  of  the  live  conductor, 
but  tliis  will  obviously  be  insignificant  compared  with 
the  increased  cost  of  maintaining  the  permanent  way 
due  to  the  presence  of  the  conductor  rail. 


Discussion  before  The  Institution,  30  June,  1920. 


The  President  (Mr.  R.  T.  Smith) :  When  electrifi- 
cation   is    carried    out    either    by    high-tension    direct 
current  or  by  alternating  current,  overhead  conductors 
are  essential  in   the    case   of   alternating    current    and 
may    be    advisable    for    direct    current,    especially    for 
sidings  and  at  important  junctions.     They  are  essential 
for  direct  current  when  any  pressure  higher  than  about 
1,500  volts  is   used,  that  being  the  pressure  which  is 
considered  to  be  safe  for  a  protected  third  rail,  so  far 
as  our  present  experience  goes.     That  being  the  case, 
the   Institution  is  indebted  to   Sir  Philip  Dawson  for 
having  written  a  paper  describing  the  principles  and 
a  great  many  of  the   details   on   which  the  overhead 
construction  of  the  Brighton  Railway  has  been  carried 
out,    an    equipment    which    is    probably    unsurpassed 
anj^vhere  in  the  world.     Where  steam  traction  during 
the  war  did  not  play  havoc  with  the  corrodible  parts 
of   that  overhead   construction,   the   cost  of  its  main- 
tenance compares  very  favourably  with  that  of  third- 
rail    construction.     An    important    part    of    the    paper 
is  the  very  full  information  given  on  pages  840,   841, 
and   844   as   to   the  essential   clearances  between  elec- 
trified  metal  and   earthed  metal,  not  only  the  trolley 
wire    but    the    collector    bows    and    their    connections. 
The  principle  laid  down  that  there  should   be  an  air 
clearance  of  4  inches  in  a  vertical  direction  and  3  inches 
in    a    horizontal  direction,  which  I    think    fairly  sum- 
majizes   what   the   author  has  said,   will   probably   be 
accepted  everj'where  as  standard  up  to   11,000  volts. 
The   section   insulator  mentioned   on   page   848   which 
is   used   on   the   Brighton   Railway   where   an   air   gap 
cannot  be  adopted  is  of  considerable  interest.     To  my 
mind  the  naost  interesting  parts  of  the  paper,  however, 
are  the  curves  on  pages  844,  845,  846,  and  847,  showing 
the  percentage  variation  in  maintenance  costs  with  time. 
The  general  inference  from  these  concentrated  statistics 
is  that  the  wear  on  the  trolley  wire  is  very  small  with 


the  small  currents  wliich  are  transmitted  at  the  high 
voltages  used   (6, coo  volts),  and  also  in  general  for  the 
high    voltages    employed    with   single-phase    collection. 
This  is  most  clearlj'  brought  out  in  Fig.  10,  and  those 
of  us  who  are  interested  in  overhead  wires  for  railway 
purposes  can  gain  a  large  amount  of  information  from 
a   careful   study   of   those   diagrams.     The   effect   that 
the  amount  of  the  current  has  on  wear  is  to  be  remem- 
bered, and  I  hope  it  may  be   further  brought   out   in 
the    discussion.     Another    thing    most    clearly    shown 
by  Figs.  II  and   12,  relating  to  the  catenary  wire  and 
to  the  droppers  carrying  the  trolley  wire,  both  of  which 
during  the  war  have  been  subject  to  steam  corrosion, 
is  that  where  they  are  not  subject  to  the  effect  of  steam 
the  renewals  are  very  small  indeed.     In  dealing  with 
the   third    and   fourth   rails   the   author   refers   at   the 
bottom  of  page  848  to  the  possible  limitations  of  the 
amount  of  drop    that   is    allowed    in    conductor    rails, 
this  limitation  being  imposed  by  a  Government  Depart- 
ment.    Those    railways    that    had    the    misfortune    to 
electrify  under  a  special  Act  had  a  clause  about  insulated 
returns  in  case  of  electroh'sis  or  interference  with  other 
undertakings,    and    an   insulated    return   was    imposed 
on   the   District   Railway.     As   a   result   all   the   other 
railwaj-s   in   touch   with   the   District   Railway — which 
means   nearly  all   the   600-volt   direct-current  railway's 
in  the  London  district — were  obliged  to  adopt  a  fourth 
rail  between  the  tracks  as  an  insulated  return,  so  that 
their  traffic  might  be  interchangeable.     Other  railways 
that  have  been  working  under  their  general  powers,  i.e. 
which   have   not   been   electrified    under   special   Acts, 
have,  however,  been  using  for  many  years  quite  large 
voltage  drops,  and  I  do  not  think  there  is  any  evidence 
in  this  country  to  show  that  drops  of  150  or  even  200 
volts  have  caused  or  are  likely  to  cause  any  damage, 
either  by  electrolysis  or  by  interference  with  the  rail- 
ways' own  or  other  people's  property.     This  question 
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of  pressure  drop  is  very  important  in  connection  with 
the  spacing  of  substations  using  direct  current.  I 
thinlc  we  ought  to  try  to  get  out  of  our  minds  the  fact 
that  railwaj-s  are  going  to  have  anything  in  the  way 
of  difficult  or  impossible  regulations  imposed  upon 
them   with   regard   to   pressure   drop. 

Mr.  J.  Dalziel  :     I    want   in  the  first  place  to  say 
that   I  am   giving  not  only  my  own   views  but  those 
of  my  colleague  on  the  Midland  Railway,  Mr.  Sayers, 
who  is  unable   to   be   present  to-night,   and   also   that 
they  are  our  own  and  are  not  meant  to  represent  any 
official  view  of  the  Midland  Railway,  though  they  do 
represent  the  result  of  a  great  deal  of  study  of  actual 
main-line   conditions   on   that   railway.     An   important 
statement  in  the  paper  is  the  report  of  the  abandonment 
of  the  installations  in  the  United  States  with  conductor 
rails  at  2,500  volts  ;    of  these  I  tliink  there  were  two, 
one  in  Michigan  and  one  in  California.     It  would  be 
interesting  to  hear  more  as  to  the  causes  of  this.      If 
safety,   and  ability  to  work  the  line,   entered  into  it, 
I  really  cannot  see  where  1,500  volts  should  be  better 
than    2,500    volts    in    these    respects.     Contact    with 
1,500  volts  is  not  likely  to  be  safer  than  contact  with 
2,500  or  3,000  volts  ;    either  is  a  fatal  voltage.     I  do 
not  see  that  the  problem  of  insulation  and  protection 
will   be   appreciably  less   with    1,500   volts   than   with, 
say,  3,000  volts,  and  I  am.  perfectly  certain  that  the 
moral     deterrent     to     efficient    work,    in    maintaining 
the  line,  by  which  I  mean  the  track  rails  as  well  as  the 
condiictor  rails,   will  be  no  less  with  the  one  voltage 
than  with  the  other.     I  think  it  is  universally  agreed 
that  for  main-line  electrification  600  volts  is  too  low, 
but  on  the  one  hand  I  doubt  whether   1,500  volts  is 
high   enough   to   satisfy   technical   conditions,    and   on 
the  other  hand  I  am  sure  it  is  too  high  for  use  on  a 
conductor  rail  under  British  main-line  conditions.     As 
the  author  contends   in   the   conclusion  of   the   paper, 
the   experience   of   the   Midland    Railway   on   its   elec- 
trified Tilbury  section  is  that  the  presence  of  conductor 
rails  does  materially  increase  the  cost  of  m.aintaining 
the   permanent   way,    apart    from  the  additional   pay- 
ment that  has  to  be   made    to    the   men.     From    the 
main-line   point   of   view   it   is   perhaps    not   generally 
realized  to  what  a  very  small  extent  really  high-speed 
electric  operation  is  extant.     Experience  of  operating 
with  a  conductor  rail  at  70  miles  per  hour  is  practically 
non-existent.     On  a  main  line,  and  especially  on  such 
a  main  line  as  that  of  the  Midland  Railway,  constantly 
intersected    as    it    is   by  branches   of    all     kinds,    very 
frequent    breaks    in    the    continuity    of    the    conductor 
rail  are  inevitable,   and  the  constant  engagement  and 
disengagement    of    the    shoe    with    the    conductor    rail 
make    the   success   of   high-speed   working   very   prob- 
lematical.    Coasting  can  be  successfully  employed  over 
conductor-rail  gaps  on  purely  passenger  electrifications, 
or  these  are  bridged  by  multiple-unit  trains  having  a 
train  busbar,   but  with  locomotives  it  is  (]uite  other- 
wise.    Not    only    so,    but    in    operating    freight    traffic 
the  gaps  necessarily  exist  at  the  verj'  points  where  the 
locomotive  has  to  stop  and  reverse  for  shunting.     In 
any  case  in  sidings  and  shunting  yards  themselves   a 
conduetor-rail    system    cannot    be    employed,    so    that 
a  hybrid  system  is  inevitable.     Conductor-rail  gaps  on 


the  main  line  may  also  be,  and  in  some  lines  are,  bridged 
by  an  overhead  section  with  a  bow  on  the  locomotive. 
If  the  bows  are  to  be  used  to  any  extent,   especially 
at  high  speed,  I  am  afraid  a  good  many  of  them  will 
be  wrecked  by  contact  with  bridges  owing  to  drivers 
forgetting   to   lower   them   in   time.     We   have   similar 
occurrences  with  other  apparatus.     On  main  lines  the 
location  of  a  conductor  rail  in  some  tunnels  is  difficult  ; 
the  work  of  permanent-way  maintenance  in  long  tunnels 
is  already  so  exacting  that  the  presence  of  a  conductor 
rail  is  likely  to  increase  this  so  as  to  make  it  possible 
to   maintain   only   by   adopting   new   and   much   more 
expensive     methods.     Again,     tunnels     generally     drip 
from  wall  and  roof  to  such  an  extent,  and  are  so  wet. 
that  no  type  of  protective  covering  to  a  conductor  rail 
can  be  safely  relied  upon.     In  the  opinion  of  my  col- 
leagues   and   myself   the   overhead    system    presents    a 
much  simpler  problem,  especially  as  our  investigations 
tend   to   show   that   the   difficulties   of   accommodating 
an    overhead    wire    through    the    tunnels    and    bridges 
of  a  main  line  are  not  great.     In  most  cases  the  presence 
of  an  overhead  wire  would  not  interfere  with  day-by- 
day  maintenance  to  anything  like  the  extent  that  the 
presence  of  a  conductor  rail  involves.     The  overhead 
system  need  not  be   costly  ;     simple   construction  will 
be  not  only  cheaper  but  better  from  the  point  of  view 
of  operation,  maintenance,  and  physical  accommodation 
and    location.     Parts    requiring    painting,    particularly 
such  parts  as  can  be  reached  for  painting  only  from 
the  tracks,  should  be  reduced  to  a  minimum,  and  from 
this  point  of  view  as  well  as  from  that  of  simplicity 
the    Pennsylvania-Philadelphia    span-wire    construction 
shown  in  the  paper  appears  to  be  the  best  design  yet 
evolved.     There  appears  to  be  a  fear  of  using  wooden 
poles  in  this  country,  but  the  average  life  of  wooden 
poles  is  something  like  40  years.     Telegraph  and  tele- 
phone work  is  heavier  and  more  exacting  than  contact- 
wire  work,  on  account  of  the  former's  multiplicity  of 
wires,  which  causes  snowstorm  trouble.     The  wear  of 
the  contact  wire  on  the  Midland  Heysham  line  is  some- 
what less  than  on  the  Brighton  line  but  is  similar  in  pro- 
portion to  the  respective  traffics.     From  considerations 
both  of  contact-wire  wear  and  of  reducing  clearances, 
bow    pressures    should    be     kept    low.     On    page    838 
the   author   points   out   that,    for   overhead    conductor 
operation,  the  currents  to  be  collected  must  be  relatively 
small,    experience    showing    that    heavy    currents    not 
only   are   difficult   to   collect   but   greatly  increase   the 
cost  of  maintenance.     On  the  Chicago,  Milwaukee  and 
St.  Paul  line  it  has  been  established  that  currents  can 
be  collected  at  high  speeds  up  to  2,000  amperes  with 
a  single   bow.     This  is   nearly  double   the   amount   of 
current  likely  to  be   required   at   1,500  volts   for   any 
British    locomotive    in    immediate    view,    but    on    the 
other  hand  it  is  collected  by  a  bow  with  a  double  shoe 
from   a  double  trolley  wire.     On   this   basis,   at    1,500 
volts,  750  kw.  seems  to  be  the  maximum  for  a  single 
shoe  on   a  single  wire.     From   the   clearance   point  of 
view  a  double  trolley  wire  will  have  some  disadvantages 
here,   and   a  double  shoe   appears   likely   to   have   too 
much  inertia  to  be  suited  to  the  rapidly  varying  heights 
of  contact  wire  which  would  be  necessary  on  main-line 
sections   as   governed   by   bridges   and   tunnels   on   the 
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one  hand  and  level  crossings  on  the  other.     The  total 
upward  pressure  of  a  double  shoe  will  necessarily,  for 
equal   collecting  power   per  point,   have   to  be   double 
that  of  a  single  shoe,  and  tliis  will  impose  too  much 
upward  thrust  on  the  contact  wire.     The  same  objection 
does  not  arise  with  respect  to  two  separate  bows  some 
distance    apart,    but    a   single   bow   only   is    desirable. 
Apart,   therefore,   from  any  question  of  providing  for 
future  increases  in  the  power  of  British  locomotives, 
I    think   present-day   requirements   point   to   a   higher 
.  voltage  than   1,500  being  used  here,   say  3,000  direct 
current.     This  may  have  to  be  paid  for  in,  say,  10  per 
cent  increased  cost  of  locomotive  equipment,  and  there 
may  be  also  some  increase  in  maintenance  costs,  though 
as  a  matter  of  fact  the  2, 400- volt  Butte  and  Anaconda 
locomotives  cost  a  good  deal  less  for  maintenance  in 
1919  than  the  600-volt  New  York  Central  locomotives. 
Compensation  for  these  increased  costs,  in  greater  or 
less  measure  according  to  line  conditions,  lies  in  reduc- 
tion of  substation  expenses.     Substation  figures  affect 
the  subject  of  the  paper,   i.e.   the  contact  system,   in 
respect  to  their  effect  on  the  very  pertinent  and  impor- 
tant point  raised  by  the  author  as  to  rail  drop.     Main- 
line  loads   present   characteristics   very  different   from 
the  steady  load  of  a  regular  suburban  service.     Blocks 
on  a  main  line  are  necessarily  long,  wayside  shunting 
occupies  the  line  to  some  extent  and  grades  are  fre- 
quently heavy.     In  a  5-mile  section  of  a  line  carrying 
a  fairly  dense  freight  and  passenger  service,  the  load 
on  a  substation  varies  from  nil  to  4,500  kw.  maximum 
with  the  no-load  intervals  extending  from   1   hour  to 
i^   hours,   and   other  5-mile   sections   are  similar  with 
only    somewhat    lower    maximums    of    3,900    kw.  and 
3,700  kw.     The  load  factor  of  a  main  line  attains   a 
very  high  figure  taken  as  a  whole,   and  that  of  sub- 
stations improves  greatly  as  the  spacing  is  widened  ; 
the  desirability  of  increasing  the  contact-line  voltage 
so  as  thus  to  widen  the  spacing  and  improve  the  load 
factor  is   obvious.     As  the  author  points  out,   return 
rail  drop  imposes  a  distinct  limit  to  this,   which  can 
only  be  relieved  by  pro\'iding  feeders  or  boosting.     It 
may  be  considered  that  the  metal  of  an  ordinary  main- 
line railway  with  four  loo-lb.  rails  is  enough  to  provide 
carr3^ng  capacity  for  almost  any  load,  but  this  is  far 
from  the  case,   and  in  the  section  of  the  line  above 
referred  to,  with  substations  15  miles  apart,  the  return 
drop  is  excessive  at  1,500  volts,  reaching  over  200  volts 
maximum,  and  rising  to  40  to  50  volts  maximum  even 
with  5-mile  spacing.     Electrolysis  troubles   should    be 
non-existent  on  a  main  line,  for  the  sufficient  reason 
that,   generally  speaking,   water  pipes  are  either  non- 
e.xistent  or  belong  to  the  railway  itself,  which  will  see 
their    usefulness    disappear    with    electrification.     Un- 
doubtedly,   therefore,    a    rail   drop    in    excess    of    the 
standard   7  volts  is  permissible,   and  it  would  appear 
that  a  suitable  value  would  be  such  as  to  be  reasonably 
safe  from  the  point  of  view  of  shock.     On  such  a  basis 
100   volts   as   a   maximum   under   the   worst   probable 
conditions    would    seem    to    be    a    suitable    figure.     It 
would   undoubtedly   be   of   advantage,    as   the   author 
suggests,    for   some    such    definite    figure    to    be    stan- 
dardized. 

Sir  James  Ball  :    It  may  interest  the  members  to 


know  that  we  had  to  deal  with  some  very  difficult 
repairs  to  the  Crystal  Palace  Tunnel  during  the  war. 
This  tunnel  is  in  the  London  clay  and  in  191 8,  owing 
to  severe  side  pressure,  the  invert  was  broken  and  it 
became  necessary  to  rebuild  about  120  feet  of  the 
tunnel  in  the  centre.  We  had  to  keep  the  traffic  going, 
and  the,  method  adopted,  after  consultation  with  Mr. 
Houghton,  was  to  isolate  the  section  in  which  the 
repairs  were  to  be  carried  out  by  cutting  out  the  Uve 
wire  and  erecting  a  dead  section  140  feet  in  length, 
and  in  addition  a  neutral  section  20  feet  at  either  end. 
Lamps  were  suspended  from  the  girders  inside  the 
tunnel  with  the  letters  "  C  "  and  "  T  "  back  and  front 
to  indicate  the  commencement  and  termination  of  the 
dead  section.  The  repairs  necessitated  heavy  timbering: 
at  intervals  of  about  5  feet,  and  the  electrical  sjrsteitt 
gave  us  the  advantage  of  the  electric  light,  which, 
enabled  us  to  complete  the  work  much  more  rapidly^ 
than  we  should  otherwise  have  done  with  acetylene 
lamps  which  we  had  arranged  to  use*  and  which  render 
the  atmosphere  very  bad.  In  this  case  the  mere  fact 
of  having  an  electrified  line  resulted  in  a  considerable 
saving  of  expenditure  and  increased  the  speed  with 
which  the  work  was  carried  out.  I  am  not  claiming 
this  as  being  due  to  the  overhead  system,  as  no  doubt 
we  should  have  got  the  same  result  with  a  third  rail, 
but  as  the  engineer  responsible  for  the  maintenance 
of  the  track  I  should  like  to  say  I  am  very  glad  we 
had   the   overhead   system. 

Mr.  H.  E.  O'Brien  :    From  a  railway  man's  point  of 
view  it  seems  to  me  that  both  the  overhead  system  and 
the  contact  rail  have  serious  disadvantages.     The  over- 
head system  has  the  very  serious  disadvantage  of  the 
difficulty  in  finding  places  for  the  supporting  structure. 
It  would  be  very  interesting  if  the  author  would  tell 
us   something   of   these   difi&culties   as   encountered   by 
him.     Will  he  tell  us  also  what  the  tonnage  of  struc- 
tural steel  work  per  mile  was  and  what  percentage  of 
the  total  cost  of  the  electrification  the  overhead  structure 
represented  ?     As  a  previous  speaker  has  said,  English 
main   lines    are   intersected    with   junctions,    and    that 
inevitably  means  in  the  overhead  system  a  very  large 
amount   of   special    work      One   of   the    things   we   all 
like  to  know  before  we  start  a  job  is,  what  it  is  going 
to  cost.     With  the  conductor  rails  the  construction  is 
so  comparatively  simple  that  we  can  tell  what  the  cost 
is  going  to  be  within  about  5  per  cent  before  we  start. 
Whether  it  is  because  we  have  a  larger  experience  with 
the  conductor  rail  or  not  I  do  not  know,  but  I  feel  quite 
sure  that  with  an  overhead  system  a  tremendous  amount 
of  survey  work  will  have  to  be  done,  particularly  on 
a  complicated  line,  before  an  approximate  cost  can  be 
reached.     I    think   therefore    we    want   more    accurate 
data  of  the  comparative  cost  of  the  two  systems  under 
similar  conditions.     I  do  not  say  it  is  a  principal  influ- 
ence, but  it  is  a  very  important  one  in  connection  with 
contact  systems.     The  third  rail  is  a  decided  nuisance 
to  the  railway  staff.     People  who  continually  have  to 
cross  a  third  rail  in  the  performance  of    their   duties 
find  it  troublesome,   and,   though  the   1,500-volt  third 
rail  has  been  made  perfectly  safe,  I  think  there  is  no 
doubt  that  one  is  inclined  to  treat  it  with  rather  more 
respect  than  one  would  treat  the  600-volt  rail.     I  have 
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worked  a  great  deal  on  6oo-volt  third  rails,  and  I  have 
walked   occasionally  over   the    1,350-volt   lines  on   the 
Lancashire  and  Yorkshire  Railway,  and  it  is  noticeable 
that  the  ground  staff  treated  that  rail  with  rather  more 
respect  than  they  treated  the  600-volt  rail.     There  is 
no  doubt,   however,   that  the   1,500-volt  rail  is  a  safe 
and   practicable   proposition,    but   it   would   appear   to 
be  a  great  advantage  if  the  guarding  of  the  rail  could 
be  carried  completel)'  clear  of  the  rail,   so  that  there 
would  be  no  possibility  of  getting  shocks.     When  the 
guarding  on  a  high-voltage  conductor  rail  is  new  and 
clean,  the  shock  that  is  got  is  practically  a  static  shock  ; 
it  dies  away  ;    but  I  am  not  at  all  clear  that  this  is  the 
case    when    the   guarding   has    become    thickly    coated 
with  carbon  and  sulphur  deposits  and  brake-shoe  dust. 
If  1,500  volts  is  to  be  nsed  extensively  on  siding  work, 
and  there  is  no  reason  why  it  should  not  be  on  many 
classes  of  sidings,  it  is  most  important  to  reduce  the 
possibility   of   even   slight   and    harmless   shocks   to    a 
minimum.      It  would  be  very  interesting  if  some  sub- 
sequent   speaker    would    give    information    as    to    the 
extent  of  the  shock  that  can  be  received  under  those 
circumstances.     It  would   also   be  interesting,   in   con- 
nection   with   conductor-rail   systems,    if   we    could    be 
t:old  something  about  the  success  of  the  system  on  the 
Great   Western    Railway,    where    an    inverted    channel 
■was   used   with   the   insulators   projecting   up   into   it. 
That  has  always  appeared  to  me  to  be  a  very  sound 
mechanical  and  electrical  design  of  third  rail.     It  has 
not  been  copied  by  anybody  and  there  must  be  some 
reason  for  this,  and  it  would  be  interesting  to  know  it. 
While   the    principal    objection    to    a    third    rail    is   its 
obstruction   to   the   staff   on   the   ground,   it   has   been 
stated    that   the   extra   maintenance   needed   is   also   a 
disadvantage.     The    ground    obstruction    is    not    very 
serious,  except  where  much  shunting  has  to  be  done. 
Where  shunting  has  to  be  carried  out,  if  the  shunting 
yard  is  not  an  extensive  one,   it  is   quite  possible  to 
put  in   wooden   floormg  level   with   the   tracks,   which 
only  leaves  the  third-rail  guarding  projecting  4  inches 
above   the   flooring,    and   for   ordinary   goods   shunting 
or  carriage  shunting  the  obstruction  is  not  very  serious. 
The  increase  in  the  cost  of  maintenance  of  perrnanent 
way  should  be  negligible  except  when  relaying.     The 
problem  of  continuous  contact  with  the  third   rail  in 
main-line  operations  by  locomotives  is  a  really  serious 
one,  and  it  seems  inevitably  to  njean  the  adoption  of 
a  hybrid  system.     With  a  reasonable  length  between 
the   shoes    of   the   locomotives,    however,    examination 
of   any   particular   junction   will    show   that    the   gaps 
are  not  numerous  and   that  the   amount   of  overhead 
construction  is  not  likely  to  be  very  serious.     I  should 
like  to  ask  the  author  to  what  extent  he  found  the 
overhead    work   interfere    with    the    signalling    on    the 
London,    Brighton    and    South   Coast    Railway.      How 
much  re-arranging  of  signals  had  to  be  done  and  what 
did  that  re-arrangement  cost  ?     Was  the  re-arrangement 
of  signals  due  to  the  necessity  of  moving  them  to  find 
space  for  supporting  standards,   and   how  much  of  it 
was  due  to  interference  with  the  sighting  of  thp  signals 
by  the  structure  ?     It  seems  to  me  that  the  railways 
with  overhead  structures  have  been  fortunate  in  never 
having  had   a  large   length   of   their   structure   carried 


away  by  derailment.  ~  Cases  have  occurred  where 
goods  wagons  and  brake  vans  have  been  derailed  and 
dragged  distances  varying  from  half  to  three-quarters 
of  a  mile  before  the  driver  of  a  long  train  became  aware 
of  the  fact.  It  is  quite  conceivable  that  with  an  over- 
head structure  such  an  accident  may  remove  a  very 
large  number  of  standards  and  cause  a  very  prolonged 
and  serious  interruption  on  a  very  busy  main  line. 
It  must  be  admitted  that  in  such  a  case  the  replacement 
would  be  a  long  job,  whereas  with  the  third  rail  the  re- 
placement is  done  very  rapidly  by  the  ordinary  platelayer 
labour.  The  figures  given  as  to  the  relative  wear  of  the 
trolley  wire  seem  to  me  very  serious  from  the  point  of 
view  of  using  a  trolley  wire  for  overhead  work  on  direct- 
current  lines,  where  the  current  may  amount  to  1,000 
amperes.  On  the  South  London  line  the  diameter  of 
the  trolley  wire  seems  to  have  been  reduced  from  0-53 
in.  to  o'4i  in.  diameter,  or  40  per  cent  in  9  years  (see 
Fig.  10),  while  with  starting  currents  the  life  is  only 
5  years,  presumably  this  starting  current  being  at 
the  most  50  amperes  per  bow.  That  makes  one  think 
that  the  wear  on  a  trolley  wire  with  the  heavy  current 
that  would  be  collected  at  1,500  volts  would  be  very 
serious  indeed.  The  wear  on  a  third  rail  does  not 
appear  to  have  any  relation  to  the  amount  of  current 
collected  but  to  depend  on  the  number  of  shoes  passing 
over  a  unit  length  per  annum.  The  life  of  a  third  rail 
is  more  dependent  on  the  amount  of  CO,  and  sulphur 
compounds  in  the  atmosphere  than  on  wear ;  in  a 
fairly  pure  atmosphere  the  life  of  a  third  rail  is  likely 
to  be  25  to  30  years,  and  of  the  insulators  40  to  50  years. 
Everybody  who  has  had  experience  of  those  railways 
where  there  is  an  unlimited  pressure-drop  on  their 
return,  knows  that  there  has  been  no  electrolytic  trouble 
whatsoever  so  far  as  outside  bodies  are  concerned, 
and  I  venture  to  hope  the  time  is  not  far  distant  when 
all  restrictions  will  be  swept  away  and  railways,  which 
are  in  a  different  position  from  tramways,  will  be  left 
quite  unfettered  in  their  selection  of  the  drop  allowed 
on  their  lines.  The  railway  world  is  much  indebted 
to  the  author  for  the  very  accurate  information  on 
minimum  standard  clearances,  which  will  be  most  useful 
in  connection  with  future  electrification  work. 

Mr.  H.  W.  Firth  :  The  author  has  pointed  out  that 
this  question  of  overhead  conductor  versus  third  rail 
is  in  reality  practically  one  of  voltage.  It  may  be  very 
difficult  for  us  all  to  agree  as  to  what  is  the  satisfactory 
voltage  for  main-line  work  in  this  country,  but  I  think 
it  is  beyond  dispute  that  if  we  can  remove  from  the 
track  the  obstruction  of  a  third  rail,  particularly  if 
two  rails  are  necessary  with  direct  current,  this  is  very 
desirable.  Mr.  O'Brien  mentioned  that  he  always 
looks  upon  his  1,350-volt  rail  with  a  certain  amount 
of  respect.  Personally  I  always  look  upon  a  600-volt 
rail  with  a  very  great  respect,  and  I  do  not  trust  the 
alleged  protection  on  any  of  the  third  rails.  It  may 
be  all  right  when  first  installed,  but  on  a  wet  day  I 
would  not  intentionally  come  in  contact  with  the  pro- 
tection on  a  600-volt  rail.  The  only  satisfactory  third 
rail  that  I  have  yet  seen  is  the  inverted  under-running 
third  rail  on  the  New  York  Central,  which  can  be  ade- 
quately protected  becaiise  the  insulator  is  between 
the  inverted  support  and  the  third  rail,  and  the  cover- 
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ing  board  or  guard  is  entirely  clear  and  free  from  the 
rail.  Any  cover  which  is  bolted  to  the  rail  I  regard 
as  an  illusory  protection  altogether.  The  construction 
clearances  in  this  country  unfortunately  are  everywhere 
such  as  to  preclude  the  use  of  such  inverted  rails.  The 
suggestion  due  to  Mr.  Raworth,  of  the  adoption  cf 
a  three-wire  system  apparently  having  a  4-motor 
equipment  and  balancing  the  train  equipment  by 
having  two  conductor  rails  and  the  neutral  to  be  formed 
by  the  track  rails,  is  one  which  interests  me  greatly. 
That  is  a  suggestion  which  I  think  is  worth  investi- 
gation. It  seems  to  me,  however,  that  if  liigher  voltages 
are  to  be  employed  very  small  clearances  between  the 
shoe  of  one  rail  must  result — the  shoe,  for  example, 
running  on  the  outer  rail  where  the  train  crosses  over 
to  the  inner  rail  at  junctions.  Clearances  may  be  got 
in  such  places  which  are  not  adequate  for  higher  voltages. 
I  am  glad  other  speakers  have  emphasized  the  point 
about  the  pressure  drop  in  the  return.  It  is  highly 
desirable  that  something  should  be  done  to  settle  that 
question.  Either  7  volts  is  right  and  should  be  insisted 
upon,  or  it  is  wrong  and  should  be  revised.  There  is  one 
point  I  should  like  to  ask  the  author  with  regard  to 
o\-erhead  systems.  I  noticed  some  time  ago  on  the 
Midland  Railway  at  Heysham  a  rather  neat  example 
of  overhead  work  ha\"ing  no  puU-offs.  I  do  not  know 
if  it  has  actuall}-  been  in  operation  yet,  or  if  the  author 
has  seen  it,  but  if  so  I  should  like  his  opinion  as  to 
whether  all  the  puU-offs  and  complications  which  occur 
in  the  majority  of  cases  are  necessarj'.  I  rather  gather 
from  the  remarks  in  the  paper  that  we  can  look  forward 
to  verv  great  simplification  in  the  overhead  equipment. 
I  think  that  is  very  important.  I  should  like  to  mention, 
with  regard  to  Mr.  O'Brien's  remarks  on  costs,  that 
it  is  no  good  comparing  the  cost  of  an  overhead  con- 
ductor with  that  of  a  third-rail  conductor.  The  cost 
of  the  job  from  the  beginning  to  the  end  must  be 
taken  into  account.  It  is  no  use  talking  about  alter- 
nating current  versus  direct  current,  or  about  the 
extra  cost  of  one  motor  against  another,  or  of  one 
conductor  against  another  ;  the  whole  job  must  be 
taken  as  it  stands.  There  is  one  thing  which  I  should 
particularly  like  to  emphasize,  and  which  is  illustrated 
by  the  author's  lantern  sUdes,  namely,  the  question 
of  big  shunting  yards.  I  regard  that  as  a  very  important 
question  indeed  with  regard  to  electrification  in  this 
country  or  in  any  other  country.  The  amount  of 
money  which  it  is  possible  to  save  in  these  yards  is 
very  great  indeed,  and  I  cannot  conceive  how  anybody 
is  going  to  suggest — even  with  s.  floor-board  \\dthin 
4  inches  of  the  conductor  rail  or  anywhere  else — that 
an  important  shunting  yard  where  men  have  to  run 
about  and  uncouple  wagons  can  have  any  Uve  rails 
on  the  surface.  I  think  that  is  a  very  important  matter 
which  wants  considering  in  the  case  of  electrification 
of  any  line  where  there  are  very  big  goods  yards  and 
shunting  yards. 

Mr.  G.  L.  Drury  :  The  author  has  said  very  little 
from  the  rolling-stock  point  of  \'iev/.  I  have  here 
some  of  the  contact  strips  which  have  been  in  use  on 
the  heavy  electric  locomotives  now  working  on  the 
North-Eastern  Railway,  which  Sir  Vincent  Raven  has 
kindly  allowed  me  to  show,  and  from  which  one  can 


judge  the  amount  of  wear  such  strips  get  under  very 
hea\^'  work,  sometimes  as  much  as  1,000  amperes  per 
locomotive.  In  the  ordinary  Continental  type  of  bow, 
of  which  there  are  four  per  locomotive,  the  usual  acceler- 
ating current  is  about  900  amperes,  i.e.  about  125 
amperes  per  contact,  and  there  are  two  overhead  wires. 
It  will  be  seen  that  the  aluminium  strips  show  very 
considerable  burning.  I  may  say  that  this  strip  has 
not  been  specially  picked  out,  but  was  taken  at  random. 
The  ver\'  great  amount  of  punishment  which  these 
strips  get  in  heavy  traction  work  can  thus  be  seen. 
One  speaker  to-night  mentioned  the  Chicago,  Milwaukee 
and  St.  Paul  Railroad.  I  have  brought  a  top  contact 
piece  with  me  from  a  bow  which  is  similar  to  that  used 
on  that  railway  and  it  is  obvious  that  the  wear  has 
been  very  considerable.  There  are  copper  contact 
strips  and  there  are  four  points  of  contact  for  each, 
what  I  might  call  the  pan.  In  addition  there  are 
two  pans  for  each  locomotive.  So  that  in  this  case 
there  are  approximately  250  amperes  per  contact. 
It  will  be  seen  that  the  cutting  is  very  severe  on  portions 
of  this  bow.  The  mileage  for  the  Continental  type 
of  bow-strips  before  they  have  to  be  scrapped  is  about 
7,000  miles.  The  cost  of  replacing  these  strips,  which 
are  of  aluminium,  and  allowing  for  the  scrap  price  of 
aluminium,  is  about  £^  los.  to  ^4.  We  find  that  when 
the  locomotives  come  into  the  sheds  the  sole  repair 
necessary  is  to  dress  up  these  bows.  I  should  like  to 
ask  the  author  if  he  has  had  any  trouble  from  lightning. 
Protection  against  lightning  is  not  mentioned  in  the 
paper.  There  are  cases  on  record  on  the  North-Eastern 
overhead  line  of  both  overhead  equipment  being 
damaged  and  also  the  equipment  in  the  locomotive 
itself.  It  was  nothing  serious  in  the  locomotive — 
mainly  blow-out  coils  in  the  main  circuit  breaker. 
We  are  well  equipped  with  lightning  arresters,  both 
on  the  locomotives  and  on  the  overhead  line. 

Mr.  H.  M.  Sayers  :  I  think  the  details  of  maintenance 
and  replacement  costs  given  in  the  paper  are  particu- 
larly encouraging.  They  show  with  respect  to  the 
items  mentioned  that  the  overhead  system  is  distinctly 
an  economical  construction.  The  contrast  between  the 
rates  of  wear  due  to  normal  operation  and  the  rates 
of  wear  due  to  corrosion  caused  by  steam  locomotive 
effects  is  very  striking.  The  Brighton  Company  is  to 
be  commiserated  with  on  the  fact  that  it  has  had  several 
miles  of  overhead  construction  standing  for  four  or  five 
years  exposed  to  steam  locomotive  wear  without  the 
electric  service  being  in  operation.  I  can  testify  that 
on  the  Cr\'stal  Palace  line  the  failures  and  delays  which 
have  been  perceptible  to  the  passengers  have  been 
neghgible.  One  criticism  wliich  I  feel  inclined  to  make 
with  regard  to  the  Brighton  railway  construction  is 
that  it  is  heavier  and  more  expensive  than  is  really 
necessary  in  respect  of  structures  and  supports.  That 
is  particularly  the  case  where  the  span  is  not  so  great 
as  is  required  on  a  4-track  line.  It  looks  as  though 
the  factor  of  safety  adopted  has  been  unnecessarily 
large.  That  is  not  a  criticism  to  be  unduly  pressed. 
It  was  a  pioneer  installation  and  it  was  better  to  err 
on  the  side  of  safety  than  to  risk  breakdowns  which 
would  have  discredited  it  ;  but  only  lines  with  a  heavy 
service  and  large  earning  powers  could  stand  the  conse- 
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quent  capital  charges.  A  much  lighter  and  cheaper 
construction  is  available  for  inspection  on  the  Midland 
Company's  line  between  Morecambe  and  Lancaster 
and  Heysham.  I  saw  that  a  -long  time  ago  and  it 
looked  extremely  economical.  It  has  given  good 
results,  but  of  course  the  traffic  on  that  line  does  not 
compare  with  the  traffic  on  the  Brighton  line,  and 
whilst  one  would  not  like  to  say  that  because  it  has 
worked  well  there  it  would  be  justified  on  a  main-line 
railway,  it  does  show  that  a  comparatively  simple, 
light,  and  cheap  structure  can  do  the  work.  I  tjuite 
agree  with  Mr.  Dalziel  that  we  have  neglected  the 
possibilities  of  wooden  poles  in  this  kind  of  work. 
Wherever  I  have  used  wooden  poles  for  tramway  work 
I  found  they  justified  the  choice..  The  m.ethods  of  dealing 
with  small  clearances  used  on  the  Brighton  lines  are 
admirably  simple  and  ingenious.  Applicability  and 
simplicity  are  very  important  points  in  relation  to 
the  future  of  railway  electrification.  There  can  be 
little  doubt  that  economical  considerations  will  enforce 
the  use  of  higher  pressures  than  can  be  regarded  as 
safe  for  third-rail  conductors.  The  evidence  of  previous 
speakers  as  to  the  various  kinds  of  drawbacks  attaching 
to  live  rails  adds  an  economical  argument.  There  are 
one  or  two  details  on  which  the  author  is  silent.  Mr. 
Drury  has  mentioned  bow  wear.  From  the  figures 
of  the  trolley-wire  wear  one  may  imagine  that  it  is 
not  very  serious,  because  trolKy-wire  wear  and  bow 
wear  are  to  some  degree  interlinked,  but  it  is  possible 
to  sacrifice  the  bow  to  the  wire  to  some  extent,  and 
that  may  be  the  correct  policy,  because  it  is  obviously 
cheaper  to  replace  contact  strips  than  trolley  wire. 
One  would  like  to  know  something  about  the  life  of 
both  and  the  expenditure  on  both.  During  the  war 
it  vi^as  reported  that  the  Germans  were  using  carbon 
blocks  instead  of  aluminium  contact  strips,  and  that 
they  got  better  results.  That  may  have  been  propa- 
ganda, but  it  would  be  interesting  to  know  whether 
any  trials  have  been  made  here  and  what  the  results 
are.  It  would  also  be  interesting  if  the  author  could 
give  some  information  as  to  inductive  interference 
between  the  Brighton  Company's  system  and  message 
wires  in  the  vicinity,  and  as  to  the  methods  adopted 
in  minimizing  that  interference.  I  have  no  doubt  the 
Post  Office  has  kept  a  sharp  watch  on  the  author.  The 
effects,  I  fancy,  are  lUiely  to  be  more  troublesome  on 
telegraph  than  on  telephone  circuits,  because  the  fre- 
quency used  is  within  the  range  of  telegraph  frequencies, 
especially  Wheatstone  frequencies,  while  it  is  a  little 
low  for  audible  frequencies.  Very  little  information 
on  this  subject  has  been  published,  but  I  believe  there 
is  a  good  deal  available.  The  Railroad  Commission 
of  California  has  published  an  enormous  book  on  induc- 
tive interference,  but  it  does  not  say  one  word  about 
inductive  interference  from  traction  systems  with 
message  wires,  except  that  it  hopes  to  study  the  matter 
at  a  later  date.  All  that  it  does  give  in  about  i,ioo 
pages  relates  to  inductive  interference  between  high- 
tension  transmission  lines  and  message  lines.  The 
effects  of  the  overhead  single-phase  system  are  obviously 
rather  complex.  The  electromagnetic  effect  is  likely 
to  be  large,  because  the  distance  between  the  two 
conductors    is    large.     The    electrostatic    induction    is 


likely  to  be  considerable  and  to  increase  with  the 
pressure  used.  These  two  effects  mingle  ;  they  cannot 
cancel  out  because  they  are  not  in  phase.  The  relative 
magnitudes  of  each  on  different  circuits  differ  greatly. 
It  would  be  very  interesting  to  know  what  the  effects 
have  been  and  what  it  has  been  necessary  to  do  to 
remove  them.  The  real  question  of  overhead  con- 
ductor versus  third  rail  is  that  of  the  total  economy 
of  the  job.  It  is  not  enough  to  say  that  one  conductor 
system  is  clieaper  than  the  other.  With  an  overhead 
system  a  higher  voltage  can  be  used,  so  that  in  any 
case  where  transmission  and  distribution  distances  are 
considerable  the  overhead  conductor  has  much  in  its 
favour,  even  if  it  costs  more  than  the  third  rail.  It 
has  been  alleged  that  the  overhead  installation  does 
cost  more  than  the  third  rail.  That  requires  proof, 
and  even  if  it  is  proved  it  does  not  settle  the  question. 
The  author  said  that  the  fourth  or  return  conductor 
rail  was  adopted  on  the  London  "  Tubes  "  because 
of  the  limitations  on  rail  drop  imposed  by  the  Board 
of  Trade  and  the  Post  Office.  I  thought  the  main 
reason  was  the  doubt  about  track  circuiting  if  the 
track  rails  were  used  for  the  return.*  That  difficulty 
has  been  got  over  by  using  alternating  current  for 
the  track  signal  circuits.  I  should  like  in  conclusion 
t3  show  three  lantern  slides  of  historical  interest, 
namely,  (i)  Baltimore  and  Ohio  "  Belt  Line  "  heavy- 
channel-iron  overhead  conductor  for  6oo-volt  supply 
to  main-line  trains.  (2)  One  of  the  Baltimore  and 
Ohio  locomotives  with  pantagraph  collectors.  (3)  Light 
overhead  construction  for  single-phase  working  on 
one  of  the  early  German  lines.  The  first  two  represent 
perhaps  the  most  portentous  overhead  work  ever 
erected.  It  was  replaced  by  third  rail  shortly  after 
the   photographs   were   taken   in    1900. 

Mr.  G.  "W.  Partridge  :  I  have  watched  the  con- 
struction of  the  Brighton  Railway  overhead  system 
carefully  from  its  inception  and  I  know  the  difficulties 
that  have  had  to  be  contended  with.  I  should  like 
to  ask  the  author  whether  he  has  had  much  trouble 
with  the  insulation  of  the  line  due  to  lightning,  as  I 
have  often  seen  the  effect  of  lightning  causing  short- 
circuits  on  the  plant  in  the  power  station.  There  is 
another  question  I  should  like  to  ask  the  author  :  Has 
ha  ever  considered  a  method  of  showing  when  one 
of  the  insulators  has  broken  down  ?  As  there  are 
two  insulators  in  series  it  occurs  to  me  that  it  might 
be  possible  to  install  some  apparatus,  such  as  a  fuse 
or  spark  gap,  which  would  come  into  operation  if  one 
of  the  insulators  failed  and  would  then  indicate  that 
the  insulation  of  the  line  at  that  particular  point  was 
dependent  on  one  insulator  only.  Owing  to  the  small 
clearances  on  the  line,  particularly  at  the  tunnels,  I 
have  often  wondered  why  the  system  had  not  been 
changed  from  the  overhead  to  the  third  rail  by  the 
use  of  a  static  transformer  for  reducing  the  pressure 
at  the  tunnels,  so  that  the  trains  would  run  on  the 
third  rail  in  those  tunnels  where  the  clearances  are 
so  small.  I  am  much  interested  in  the  wear  of  the 
contact  bow  submitted  by  the  engineer  for  the  North- 
Eastern   lines.     From    the    experience    I    have   had    in 

•  See  Mr.  F.  W.  Carter's  paper  on  "  Electric  Railway  Engineering  "  (Journal 
I.E.E.,  1906,  vol.  36,  p.  2_sg)  :  "  The  chief  argument  in  favour  of  an  insulated 
return  is  that  it  enables  the  track  rails  to  be  used  for  signalling  purposes." 
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this  matter  the  wear  would  be  \-ery  much  less  with 
the  alternating  than  with  the  direct-current  system. 
I  should  imagine  that  the  bow  jvould  last  twice  as 
long  on  the  alternating-current  system. 

Lieut.-Col.    F.    A.   Cortez    Leigh     (communicated)  : 
It  is  stated  in  the  second  paragraph  of  the  paper  that 
the   2, 500- volt  third-rail    system    tried    in    the    United 
States  (and  which  was,  I  believe,  on  a  portion  of  the 
Michigan  and  Chicago  Railroad)   has  been  abandoned. 
It  would  be  of  interest  to  know  whether  this  was  due 
to  difficulties  in  operating  with  a  third  rail  at  2,500 
volts  or  to  other  reasons,  and,  if  the  former,  what  were 
the    particular    difficulties    experienced.     The    author 
mentions    that    an    overhead    conductor    can    onlj'    be 
utilized  where  the  currents  to  be  collected  from  it  are 
relatively  small.     I   should   be   glad   to  know  what  is 
the  maximum  current  he  considers  it  possible  to  collect 
from    an   overhead   sj'stem,    as    I   believe   the   double- 
contact   sliding-bow   collectors   are   very   efficient  -and, 
with  a  double-contact  wire  gi\ang  four  points  of  con- 
tact, any  current  likely  to  be  required  could  be  success- 
fully   collected.     The    curves    given   in   the    paper   for 
the  increased  cost  of  renewals  due  to  the  working  of 
heavy  steam  trafftc  beneath  the  conductors  are  most 
interesting    and    show  in    a  very  marked    manner   the 
desirability  of  keeping  steam  traffic  off  electrified  roads. 
On   page   846    the   author   states   that   experience   has 
shown  a  simpler  and  cheaper  form  of  construction  can 
be  adopted  than  that  originally  installed  on  the  Brighton 
railway  ;    it  would  be  of  service  if  the  author  would 
illustrate  what  he  has  in  mind  and  also  if  he  could 
state  w-hether  the  span-wire  construction  used  on  the 
Pennsylvania     Railroad    has     proved    satisfactory    in 
ser\-ice.     In   common   with   other   railways   using   top- 
contact   conductor   rails   we   have   experienced   trouble 
due  to  the  formation  of  a  thin  film  of  ice  on   the   rail 
under   certain   weather   conditions.     In   order   to   clear 
this  off  before  trains  are  put  into  service  we  have  fitted 
a  number  of  old  coaching  brake-vans  with  shoe  beams 
to  which  is  attached  a  steam  jet  nozzle  (fed  with  live 
steam  from  the  engine  drawing  the  van)   followed  by 
a  steel  wire  scraper  and  followed   again  by  a  rubber 
squeegee.     This   arrangement  is   found   quite   effective 
in  clearing  and  drying  the  rail,  provided  the  speed  of 
travel  is  not  too  great.     About   15  miles  per  hour  is 
found   to   be   a  suitable  speed.     For  dealing  with  ice 
and   snow   during  the   time   the   trains   are   in   service 
we  have  fitted  a  large  number  of  motor  coaches  with 
special  sleet-cutting  shoes  having  renewable  hard  steel 
cutter  bars  fitted  diagonally  into  slots  in  a  steel  body. 
These  shoes  are  used  for  collecting  current  as  well  as 
for  clearing  away  the  ice,  and  they  are  pressed  down 
on  the  rail  by  a  pair  of  spiral  springs  fitted  over  the 
shoe  suspension  links.     With  regard  to  loss  in  weight 
of  conductors  by  corrosion  and  wear,   our  experience 
indicated  that  the  heaviest  corrosion  was  on  a  section 
of  the  Une  over  which  both  steam  and  electric  trains 
were    worked,    and    it     averaged     approximately    0'82 
per   cent   per   annum.     Tests   had   also   indicated   that 
the  loss  by  wear  was  closely  proportional  to  the  density 
of   electric   train   traffic   over   the   lines   and   with   our 
present    hea\'iest    service    averaged    0-3    per    cent    per 
annum.     On  page  848  the  author  refers  to  the  damage 


to  insulation  when  one  rail  of  a  third-  and  fourth-rail 
system  becomes  earthed.  I  do  not  think  the  surge 
pressures  are  confined  to  systems  using  third  and  fourth 
rails  and,  further,  our  experience  indicates  that  insula- 
tion defects  most  usually  show  up  when  the  positive 
rail  becomes  earthed  and  not  the  negative  as  stated. 
It  does  not  always  follow  that  the  capital  expenditure 
is  increased  by  the  use  of  a  third-  and  fourth- rail  system. 
It  is  largely  a  question  of  the  drop  which  can  be  allowed 
in  the  return  conductor,  the  spacing  necessary  for 
the  substations,  and  other  matters.  I  agree  with  the 
author  that  the  time  has  arrived  when  the  question 
of  the  maximum  drop  permissible  on  the  return  con- 
ductors of  railway  systems  should  be  gone  into  and 
definitely  decided. 

Mr.  A.  P.  Trotter  (commumcated)  :  The  author 
appears  to  be  under  a  misapprehension  regarding 
Board  of  Trade  regulations  on  rail  drop.  The  7-volt 
regulation  was  intended  for  tramway  rails  laid  flush 
in  streets  containing  water-  and  gas-pipes,  and  has 
never  been  applied  to  railways.  It  is,  of  course,  largely 
exceeded  on  railways.  I  have  often  taken  part  in 
discussions  on  this  subject.* 

Sir  Philip  Dawson  (in  reply)  :  As  regards  the 
remarks  of  IMr.  Dalziel,  I  find  myself  entirely  in  agree- 
ment with  all  of  them.  The  greatest  fear  I  have  in 
connection  with  overhead  construction  as  regards 
maintenance  and  wear  and  tear  is  the  question  of  the 
amount  of  current  that  has  to  be  collected.  We  have 
no  really  extended  experience  with  lines  having  a 
very  hea-v'y  main-line  ser\-ice,  so  that  it  is  very  difficult 
to  say  what  that  wear  and  tear  might  mean  in  overhead 
construction  with  the  low  pressures  where  hea.vy  currents 
have  to  be  collected.  I  also  agree  with  Mr.  Dalziel  as 
regards  the  mechanical  difficulties  of  a  hybrid  sj-stem  : 
of  course  difficulties  are  made  to  be  overcome,  but 
still  the  difficulties  that  v.ill  be  encountered  when,  on 
a  high-speed  line,  we  have  to  pass  from  a  third  rail  to 
an  overhead  conductor  without  any  damage  being 
done  to  the  collectors,  are  serious. 

With  regard  to  IMr.  O'Brien's  remarks,  I  find  it  rather 
difficult  at  the  present  moment  to  give  him  a  definite 
answer  as  to  what  the  cost  of  steel  structures  or  over- 
head construction  would  be,  just  as  possibly  it  might 
be  difficult  to-day,  with  the  varj-ing  conditions  of  the 
cost  of  materials  and  labour,  to  state  what  the  cost 
of  the  conductor  rail  would  be.  I  can  tell  him  this  : 
that,  with  the  experience  which  one  has,  it  is  a  com- 
paratively easy  matter,  in  laving  out  an  overhead 
system,  to  fix  a  price.  I  think  I  should  be  quite  willing 
to  undertake  to  fix  a  price  within  5  or  6  per  cent  for 
what  an  overhead  construction  under  different  conditions 
would  cost,  particularly  as  the  experience  we  have  had 
during  the  last  10  years  has  enabled  a  design  to  be 
prepared  for  overhead  construction  which  practically 
is  m.ore  or  less  independent  of  the  obstructions,  because 
it  is  possible  by  that  to  put  up  structures  regardless 
of  the  exact  position  where  junctions  or  points  or 
crossings  or  an\i;hing  of  that  kind  have  to  be  installed. 
That  brings  me  to  a  remark  made  by  i\Ir.  Sayers  in 
connection  with  the  solidity  of  the  overhead  construc- 

•  Journal  I.E.E.,  1906,  vol.  36,  p.  267  ;  1909,  vol.  43,  p.  472  ;  J  913,  vcl.  50, 
p.  7 iS  ;  Proceedings  of  the  Institution  0/  Civil  Engineers^  1907,  vol.  167  p.  73, 
and  1915,  vol,  200   p.  83. 
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tion  used  on  the  Brighton  Railway.  I  entirely  agree 
with  him  that  it  is  a  heavy  form  of  construction,  but 
it  has  withstood  the  test  of  service  where  other  and 
lighter  forms  both  on  the  Continent  and  in  America 
have  had  to  be  substantially  modified.  I  would, 
however,  just  bring  out  a  point  which  I  think  he  re- 
ferred to,  namely,  that  at  the  time  the  overhead  con- 
struction was  installed  we  could  not  take  any  chances. 
Therefore  it  was  essential  that  the  factors  of  safety, 
both  mechanical  and  electrical,  should  be  of  such  a 
nature  as  to  make  a  failure  a  practical  impossibility — ■ 
all  the  more  so  because  at  that  time  it  will  be  remembered 
that  there  was  what  was  known  as  the  battle  of  the 
third  rail  versus  overhead.  I  am  very  glad  to  think 
that  to-day  part  of  the  discussion  anyhow  has  ceased 
to  be  a  battle,  and  it  is  simph'  a  question  of  the  amount 
of  current  that  has  to  be  collected  for  the  amount  of 
energy  to  be  delivered  to  a  train,  as  to  whether  a  low- 
pressure  or  a  high-pressure  sj'stem  has  to  be  adopted. 
The  experience  gained  during  the  last  lo  years  has 
enabled  the  original  construction  to  be  simplified  and 
improved  in  detail,  and  consideration  is  being  given  to 
possible  modifications  on  the  lines  of  the  construction 
used  for  the  Paoli  electrification  of  the  Pennsylvania 
Railroad,  slides  illustrating  which  have  been  thrown 
upon  the  screen  and  which  resembles  the  construction 
experimentally  adopted  by  Mr.  Dalzicl  and  Mr.  Sayers 
on  the  Heysham  line,  which  I  recently  had  an  oppor- 
tunity, thanks  to  l\Ir.  Sayers,  of  inspecting.  With 
regard  to  the  question  of  interference  with  signalling, 
we  have  been  extraordinarily  fortunate.  We  did 
anticipate  that  there  would  be  a  considerable  amount 
of  difficulty  in  sighting  signals,  but  as  a  matter  of 
fact,  with  the  exception  of  having  in  a  very  few  instances 
to  put  in  repeaters,  the  signalling  has  not  had  to  be 
altered  at  all.  The  difficulty  experienced  has  been 
really  surprisingly  small.  With  regard  to  the  insulation 
of  the  third  rail  at  pressures  higher  than  600  volts 
and  the  question  of  the  protection,  I  agree  with  what 
Mr.  O'Brien  has  said.  I  certainly  think  that  we 
have  to  treat  the  1,500  volts  with  more  respect 
and  care.  For  myself  I  should  very  much  hesitate 
to  try  and  use  anything  more  than  1,500  volts  on  a 
contact  rail.  The  reason,  as  far  as  I  have  been  able 
to  get  at  the  truth,  why  the  2,400-volt  system  was 
dropped  on  the  Michigan  Central  was  because  very 
considerable  trouble  due  to  over-pressure  was  experi- 
enced. The  breaking  and  making  of  a  circuit  at  that 
pressure  caused  a  \'ery  large  number  of  the  motors 
to  bum  out  and  gave  a  great  deal  of  trouble  generally. 
That  I  understand  was  the  prmcipal  reason  why  that 
2,400-volt  third-rail  system  was  dropped. 

With  regard  to  Mr.  Firth's  remarks,  of  course  the 
question  of  the  proper  voltage  for  main-line  working 
is  an  extremely  difficult  and  thorny  one.  It  would 
be  very  much  nicer  if  we  could  use  a  very  low  voltage. 
If  we  could  do  everything  at  600  volts,  I  think  we 
should  all  prefer  it,  but,  unfortunately,  apart  from  other 
considerations  the  collection  of  the  very  large  currents 
involved  by  main-line  train  operation  compels  us  to 
go  to  higher  voltages,  and  I  am  very  largely  in  agree- 
ment with  Mr.  Dalziel  that  in  any  main-line  electrifi- 
cation we  shall  probably  have  to  go  to  pressures  which 


will  necessitate  the  use  of  overhead  conductors.  With 
regard  to  the  question  of  the  amount  of  current  to  be 
collected,  it  might  interest  the  members  to  know  that 
the  normal  current  collected  by  one  bow  strip  on  the 
Brighton  Railway,  when  running  at  full  speed,  is  between 
30  and  40  amperes,  and  the  maximum  current  collected 
by  a  bow  at  starting  is  a  little  over  120  amperes.  As 
regards  bow  wear,  Mr.  Houghton  could  give  information. 
The  cost  of  the  maintenance  of  the  bow  strips  is  extremely 
small,  particularly  as  when  the  bow  strip  is  renewed 
the  scrap  aluminiun^  fetches  a  very  considerable  price 
and  is  re-melted  for  making  new  strips.  With  regard 
to  the  very  interesting  photograph  of  the  Baltimore 
and  Ohio  system  exhibited  by  Mr.  Sayers,  I  have  also 
a  photograph  of  that  which  I  took  about  the  same 
time  or  just  before  it  was  intended  to  take  the  con- 
struction down.  I  did  not  refer  to  it  because  I  thought 
it  would  not  be  of  very  much  interest,  as  it  had  proved 
a  failure  in  consequence  of  the  very  heav)'  currents 
that  had  to  be  collected  from  it. 

Mr.  Drury  and  Mr.  Partridge  referred  to  damage  by 
lightning.  We  have  been  extraordhaarily  free  from  any 
such  damage.  That  more  or  less  upholds  the  experience 
in  America  in  connection  with  high-tension  trans- 
mission lines — that  the  higher  the  pressure  the  less 
the  danger  of  lightning.  I  cannot  recollect  having  had 
a  single  insulator  broken  due  to  lightning.  We  have 
had  considerable  storms  and  we  have  had  trouble  in 
one  of  the  auxiliary  apparatus  in  the  train.  Our  ex- 
perience is  that  the  lightning  arresters  on  trains  are 
really  more  troublesome  than  useful.  Quite  early  in 
our  experience — in  fact,  before  the  line  was  opened 
for  public  service  in  the  early  part  of  1909 — we  did 
away  entirely  with  lightning  arresters  in  the  trains. 
With  reference  to  Mr.  Partridge's  question  about  the 
utilization  of  a  transformer  to  bring  down  the  pressure 
and  enable  a  contact  rail  to  be  carried  through  tunnels 
where  there  is  difficulty  due  to  small  clearances,  in 
carrying  through  an  overhead  conductor  that  has  been 
thought  of  a  good  many  times,  but  it  introduces  the 
complication  of  additional  cost  in  connection  with  the 
motor  equipments,  which,  as  they  multiply  according 
to  the  number  of  motor  cars  in  service,  makes  it  rather 
undesirable  to  install  them  if  they  can  possibly  be 
avoided.  ^Vl^eneve^  we  can  simplify  we  do  so.  Al- 
though it  appears  to  be  extraordinarily  attractive  on 
the  face  of  it,  in  practice  we  have  found  that  it  is  better 
to  get  over  the  difficulty  by  the  devices  we  have  adopted, 
rather  than  to  put  in  a  transformer. 

{Communicated)  Mr.  O'Brien  suggests  danger  to  struc- 
tures carrying  overload  equipment  by  derailment  of 
vehicles.  I  think  he  will  find  that  in  cases  of  ordinary 
derailment  the  wheels  seldom  leave  the  sleepers,  and 
damage  to  structures,  whether  signal  posts,  bridges  or 
others,  due  to  this  cause,  is  comparatively  rare.  There 
have  been  numerous  derailments  on  the  electrified 
section  of  the  Brighton  Railway  but  no  interruption 
of  service  due  to  damage  of  the  nature  suggested. 

Mr.  Firth  draws  attention  to  savings  which  may  be 
effected  by  electric  working  in  shunting  yards.  I 
agree  that  savings  by  electric  operation  of  freight 
traffic  are  likely  to  be  very  large.  I  also  agree  that 
an  overhead  contact  system  is  essential  in  the  case  of 
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shunting  and  marshalling  yards.  It  is  indeed  this 
question  which  seems  to  necessitate  a  duplicate  contact 
system  where  rail  conductors  are  paraphased  for  general 
main-line  railwa}-  operation.  As  regards  the  question 
of  interference  with  telephone  and  telegraph  circuits, 
I  would  refer  those  interested  to  a  publication  dealing 
very  comprehensively  with  this  subject  and  published 
by  the  Swedish  State  Railway's. 

IVIr.  Saj-ers  asks  whether  carbon  has  been  tried  for 
bow  collector  strips.  On  the  Brighton  Railway  carbon 
has  been  experimented  with,  but,  so  far  at  smy  rate, 
the  results  have  been  anything  but  encouraging.  I 
agree  with  both  Mr.  Savers  and  Mr.  Firth  that  the 
cost  per  mile  of  overhead  or  rail  conductors  is  by  no 
means  the  sole,  if  indeed  the  principal,  factor  governing 
the  adoption  of  one  or  the  other. 


It  is  interesting  to  learn  from  Colonel  Cortez- 
Leigh  that  the  effects  of  steam  ser\'ice  are  noticeable 
on  rail  conductors  as  well  as  on  overhead  construction. 
This  emphasizes  the  "  by-product "  saving  which 
would  accrue  in  permanent-way  and  structure  main- 
tenance by  the  adoption  of  electric  instead  of  steam 
haulage. 

Mr.  Trotter  communicates  a  remark  regarding  the 
question  of  rail  drop.  Most  of  the  contributors  to 
the  discussion  agree  as  to  the  importance  of  this  question 
and,  although  I  am  personally  aware  of  the  open- 
minded  way  in  which  Mr.  Trotter  has  alwaj^  dealt 
with  matters  such  as  this  which  materially  affect  elec- 
trical progress,  the  fact  remains  that  the  7-volt  limit 
still  stands  and  might  be  insisted  upon,  and  it  is  high 
time  that  it  should  be  removed  or  modified. 
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THE   APPLICATION    OF   THE   ELECTRIC   LOCOMOTIVE   TO   MAIN-LINE 

TRACTION   ON   RAILWAYS. 

By  Lieut.-Col.  H.  E.  O'Brien,  D.S.O.,  Associate  Member. 

(Paper  first  received  29  December,  1919,  and  in  final  form  14  May,  1920  ;  read  before  the  Preston  Sub-Centre  5  January, 

and  before  the  Liverpool  Sub-Centre  15  March,    1920.) 


(i)  History   of   Development. 

The  first  instance  of  the  use  of  electric  locomotives 
on  a  large  scale  was  in  1890,  on  the  City  and  South 
London  Railway.  There  was  a  tendency  in  this  case 
to  follow  tramway  practice  by  arranging  the  motors 
in  each  coach  of  the  train,  but  this  method  was  eventually 
abandoned  in  favour  of  the  use  of  electric  locomotives. 

The  locomotives  of  the  Baltimore  and  Ohio  Railroad, 
introduced  about  1896,  form  the  next  notable  instance 
of  the  extensive  use  of  this  mode  of  traction.  These 
locomotives  were  employed  to  haul  trains  through  the 
tunnels  under  the  city  of  Baltimore,  and  were  considered 
necessary  on  account  of  the  difficulty  in  overcoming  the 
problem  of  ventilation. 

In  July  I  goo,  the  Central  London  Railway  was  opened 
for  public  traffic,  and  the  trains  were  hauled  by  electric 
locomotives  in  which  the  motor  armatures  were  mounted 
direct  on  to  the  axles  ;  this  arrangement  has,  however, 
been  abandoned  owing  to  the  pounding  and  vibration 
caused  by  the  omission  of  bearing  springs. 

The  North  Eastern  Railway  in  1904  introduced  their 
first  electric  locomotive  for  hauling  goods  and  mineral 
trains  on  the  Quayside  branch  line,  which  is  mostly 
in  tunnel  and  on  a  heavy  gradient.  In  the  same  year 
the  Metropolitan  Railway  was  electrified,  and  the 
trains  worked  by  electric  motor  cars.  In  1907  electric 
locomotives  were  introduced  for  passenger  and  goods 
services. 

In  Italy,  cliiefly  on  account  of  the  scarcity  of  coal, 
electric  traction  has  been  extensively  adopted,  and 
electric  locomotives  are  very  largely  used.  The  Valtel- 
lina  Railway  was  the  pioneer  line  in  that  country  and 
was  opened  for  regular  service  in  1904. 

In  the  L'nited  States,  and  especially  in  New  York, 
the  difficulty  of  tunnel  ventilation  was  the  cliief  factor 
determining  the  adoption  of  heavy  electric  locomotives. 

The  development  in  hydro  -  electric  generatmg 
stations,  and  the  success  of  electric  locomotives  in 
other  spheres,  turned  attention  to  their  use  for  heavy 
traffic  on  railways  crossing  mountain  ranges,  where 
tunnels  are  numerous,  braking  problems  acute,  and 
ample  water  power  is  available.  This  has  been  the 
case  notably  in  Switzerland,  where  waterfalls  are 
numerous,  and  in  Norway. 

In  countries  such  as  ours,  where  coal  is  plentiful  and 
water  power  inconsiderable,  electric  traction  for  main 
lines  has  not  made  the  same  strides.  Indeed,  the  only 
further  development  over  what  has  already  been 
mentioned,  has  been  the  introduction  of  heavy  freight 
locomotives  on   the  Shildon  and  Newport  line  of  the 


North  Eastern  Railway  in  1915,  and  one  experimental 
locomotive  on  the  Lancashire  and  Yorkshire  Railway. 

Although,  as  already  instanced,  the  introduction  of 
the  electric  locomotive  in  many  parts  of  the  world 
has  been,  in  the  first  place,  brought  about  by  local 
conditions,  the  advantages  following  upon  its  adoption 
have  been  the  cause  of  its  rapid  growth  and  application. 

At  the  present  time  there  are  about  1,200  electiic 
locomotives  in  service  on  the  railways  of    the  world. 

(2)    Effect  of  History  and  Loc.'^lity  on   Lines  of 
Development. 

Development  naturally  was  first  on  the  lines  of  using 
two  motor-car  bogies  with  a  superstructure  containing 
electric  equipment.  As  more  powerful  locomotives 
were  required,  difficulty  in  finding  room  between 
the  wheels  for  geared  traction  motors  as  then  designed, 
and  lack  of  experience  in  gear  design,  led  to  designs 
with  the  motors  placed  in  the  superstructure  and 
connected  to  the  wheels  by  a  linkage  of  rods,  or  with 
the  motor  armatures  carried  flirect  on  the  axle,  on 
similar  lines  to  the  Baltimore  and  Ohio  locomotive. 
The  development  of  three-phase  and  single-phase  motors 
by  certain  manufacturers  helped  this  arrangement,  as 
these  systems  did  not  lend  themselves  to  compact 
designs,  particularly  if  speed  variation  was  to  be  obtained 
economically  :  improved  design  of  direct-current  motors 
accompanied  by  the  use  of  better  brushes,  interpoles,  field 
control  and  forced  ventilation,  led  to  a  tendency  to  revert 
to  the  use  of  the  geared  direct-current  motor,  which 
has  now  become  simpler  to  construct,  more  efficient, 
more  flexible,  more  compact,  and  cheaper  to  maintain 
than  the  other  types  ;  e.g.  commutators  as  now  designed 
give  practically  no  trouble,  and  brushes  and  contactors 
can  run  for  long  periods  without  attention.  To  illustrate 
the  reliability  of  motors  and  equipment  designed  even 
so  long  as  16  years  ago,  the  extension  of  the  figures 
presented  to  the  Institution  of  Mechanical  Engineers  by 
Sir  J.  A.  F.  Aspinall  in.  his  Presidential  Address  in  1909 
are  given  in  Appendix  A,  and  the  schedule  of  overhaul 
periods  adopted  on  the  Manchester  and  Bury  line  with 
the  most  modem  designs  in  Appendix  B.  It  may  be 
mentioned  here  that  the  commutators  of  the  Manchester 
and  Bury  motors  give  indications  of  ha^'mg  an  indefinite 
life,  while  on  the  Liverpool  and  Southport  line  90  per 
cent  of  the  original  commutators  are  still  running. 
Desire  for  simplicity  in  the  construction  of  the  locomo- 
tive, a  much  extended  knowledge  of  the  design  and 
manufacture  of  gears  (the  average  life  of  the  gears  on  the 
Liverpool  and  Southport  line  has  been  300,000  mUes, 
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and  of  the  pinions  200,000  miles),  and  the  necessity  for 
preserving  space  in  the  superstructure  for  control  gear, 
has  also  inclined  designers  in  this  direction.  The 
original  commitments  of  the  great  manufacturing  firms, 
and  the  lines  of  research  which  thej'  have  followed, 
have  had  a  considerable  influence  on  the  practice  in 
different  countries  ;  generally  the  alternating-current 
motor  driven  by  a  rod  linkage  is  the  more  fa\-oured  on 
the  Continent,  while  the  Anglo-Saxon  opinion  tends 
towards  the  geared  direct-current  motor. 

(3)  Gexer.^l  Problem  of  the  Design. 
Electric  locomotives  fall  into  two  main  divisions  : 
freight,  the  maximum  speed  of  which  need  not  exceed 
45  miles  per  hour  ;  and  passenger, which  must  be  capable 
of  a  maximum  speed  of  70  m.p.h.  The  characteristic 
torque  of  an  electric  locomotive,  as  compared  with  a 
steam  locomotive,  is  such  as  to  enable  the  draw-bar 
pull  of  the  electric  locomotive  to  be  maintained  at  lower 
speeds  in  a  way  that  is  not  possible  with  a  steam  loco- 
motive. It  is  this  characteristic  that  makes  the  high 
acceleration  of  the  suburban  electric  passenger  train 
practicable.  In  consequence,  on  a  heavilj'  graded  hue 
an  electrically  hauled  train  will  maintain  higher  speeds 
on  the  up  grade  than  the  steam-hauled  train,  and  will 
be  equally  fast,  if  required,  down  grade ;  hence,  for  fast 
schedules  on  lines  with  gradients,  the  electric  locomotive 
need  not  be  capable  of  as  high  a  maximum  speed  as 
the  steam  locomotive,  and  in  fact  it  is  found  that  owing 
to  this  characteristic  the  introduction  of  the  electric 
locomotive  on  a  line  containing  grades  enables  a  20  to 
30  per  cent  faster  schedule  to  be  maintained.  The 
increase  in  schedule  is  also  parti}'  due  to  the  possibiUty 
of  regenerative  braking,  and  to  a  small  extent  due  to 
the  more  rapid  acceleration  of  the  train  from  rest.  High 
maximum  speeds  have  been  attained  with  electrically 
driven  motor  bogie  coaches,  the  classic  example  being 
the  coach  used  in  the  Zossen  experiments  when  a  speed 
of  120  m.p.h.  was  obtained  with  a  coach  carried  on  two 
six-wheel  bogies  :  on  the  Liverpool  and  Southport  hne 
and  the  ^Manchester  and  Burj'  line  5o  m.p.h.  is  attained 
with  perfect  steadiness,  in  the  former  case  on  a  road  bed 
with  a  sand  foundation.  When  the  bogies  of  such  a 
vehicle  are  placed  closer  together  and  carry  a  hea\'y 
superstructure,  as  in  a  locomotive,  the  natural  period 
of  the  whole  vehicle  is  increased  and  oscillation  tends 
to  occur  at  high  speeds  (an  elaborate  mathematical 
investigation  of  the  conditions  causing  these  oscilla- 
tions w-as  given  by  iMr.  Carter  in  the  Proceeditigs  of  the 
InsUtution  of  Civil  Engineers,  vol.  201)  ;  it  has  therefore 
become  general  practice  to  pro\ide  high-speed  electric 
locomotives,  whether  the  dri\ing  wheels  are  carried  in 
a  fixed  frame  or  whether  they  are  carried  in  bogies,  with 
carding  axles  fore  and  aft,  either  of  the  pony,  radial 
or  bogie  tj-pe,  whereas  practice  again  has  shown  that 
for  goods  locomotives  no  carrying  axles  are  necessar}'. 
Excessive  wear  on  curves  due  to  the  low  centre  of 
gravity  of  the  motor  bogies  of  suburban  electric  coaches, 
has  led  to  a  desire  to  raise  the  centre  of  gravity  of  the 
bogie,  and  incidentally  of  the  whole  locomotive.  The 
height  of  the  centre  of  gra\ity  of  a  motor  bogie  coach 
is  43  inches,  whereas  that  of  a  steam  locomotive  of 
comparable  power  is  58  inches.     As  long  as  the  geared 


design  of  motor  is  adhered  to,  the  only  possible  method 
of  increasing  the  height  of  the  centre  of  gravity  is  to 
rotate  the  motor  into  a  vertical  position.  In  the  case 
of  a  250-h.p.  motor  on  a  42-inch  wheel,  this  involves 
carrying  a  dead  weight  of  approximately  4  tons  on  the 
axle,  instead  of  2  tons  as  in  the  case  of  nose  suspension  ; 
a  compromise  is  to  tilt  the  motor  at  45°.  By  the  use 
of  a  quill  the  motor  weight  can  be  entirely  spring  borne, 
but  at  the  expense  of  complication  of  moving  and 
therefore  depreciating  parts. 

This  design  is  comparatively  untried  and  little  is 
known  about  its  maintenance  costs.  In  any  case  the 
room  required  in  the  superstructure  for  brake  pumps, 
heating  apparatus,  resistances,  circuit  breakers,  contac- 
tors, and  controllers,  all  of  which  need  more  maintenance 
and  more  constant  examination  than  the  motors,  in 
the  author's  opinion  preclude  any  greater  raising  of 
the  centre  of  gravity  than  is  given  by  tilting  the  motors 
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Fig.  I. — Effect  of  tilting  motor  upon  height  of  centre  of 
gravity  and  height  of  driving  wheel  and  bogie. 


to  45°.  The  eSect  on  the  weight  distribution  is  shown 
in  Fig.  I,  a  25  per  cent  increase  in  the  height  of  the 
centre  of  gravity  of  wheel  axle  and  motor  resulting  in 
only  a  13  per  cent  increase  in  the  dead  weight  on  the 
axle. 

The  total  weight  of  four  250-h.p.  motors  would  be 
approximately  17  tons.  The  total  weight  of  a  loco- 
motive equipped  with  four  such  m,otors  would  be 
approximately  72  tons  ;  the  motor  weight  is  therefore 
approximately  25  per  cent  of  the  total  weight.  The 
effect  of  raising  the  centre  of  gravitj-  of  motors  on  the 
resultant  pressure  on  outer  rail  is  shown  in  Fig.  2.  As 
the  electric  locomotive  will  in  general  be  designed  with 
a  58-inch  wheel  to  obtain  better  adhesion,  form  of 
tooth  in  the  gearing,  and  lower  journal  speeds,  this  in 
itself  raises  the  centre  of  gravity  of  the  motors  by 
8  inches  as  compared  with  the  usual  motor  bogie 
design  for  suburban  services  in  which  a  42-inch  wheel 
is  the  maximum  diameter  used. 

It  should  be  noted  that  if  the  motors  are  carried  on 
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bogies,  the  bogie  tends  to  behave  as  a  separate  vehicle 
so  far  as  lateral  movements  induced  by  a  low  centre 
of  gravity  are  concerned.  The  raising  of  the  centre 
of  gravity  is  therefore  more  irnportant  in  the  bogie 
type  of  locomotive  than  where  motor  axles  are  carried 
in  frames  to  which  the  superstructure  is  rigidly  attached. 
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Fig.  2.- 
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The  use  of  bogies  carrying  motors,  so  far  as  high-speed 
electric  locomotives  are  concerned,  appears  to  the  author 
to  involve  an  unnecessary  complexity  for  any  4-inotor 
unit,  as  the  rigid  wheel  base  in  such  a  case  will  not 
exceed  that  of  a  0-8-0  steam  locomotive,  while  a  larger 
degree  of  side  play  in   the  boxes  will  be  permissible 


first  instance,  by  the  strength  of  the  couplings,  and  by 
the  limitation  imposed  on  the  length  of  tlie  trains  by 
the  available  accommodation  at  loops  and  terminals. 
The  maximuni  tractive  effort,  maximum  horse-power, 
and  maximum  tractive  effort  at  maximum  horse-power, 
are  given  m  Table  I  for  the  4-6-0  and  0-8-0  locomotives 
of  the  Lancashire  and  Yorkshire  Railway,  which 
are  fairly  representative  of  English  railways  generally, 
as  compared  with  similar  data  for  various  types 
of  electric  locomotives.  This  table  also  gives  the 
breaking  strength  of  wagon  and  carriage  couplings 
respectively. 

Reference  to  Table  i  and  to  the  curves  given  in  Figs. 
3,  4,  5,  6  and  7  shows  that  the  maximum  steam  loco- 
motive draw-bar  pull  occurs  at  starting,  and  falls  off 
continuously  with  increase  in  speed,  whereas  the  maxi- 
mum draw-bar  pull  can  be  maintained  in  the  electric 
locomotive  up  to  one-third  to  a  half  of  its  maximum 
speed.  Higher  speeds  on  up  grades  can  therefore  be 
maintained  with  the  electric  locomotive  without  increase 
in  the  maximum  draw-bar  stresses  imposed  on  the  train 
couplings.  The  maximum  draw-bar  horse-power  of 
these  typical  powerful  British  steam  locomotives  in 
the  above  table  does  not  exceed  900  h.p.  ;  it  may 
therefore  be  safely  assumed  that  for  many  years  to 
come  no  electric  locomotive  exceeding  1,500  draw-bar 
continuous  horse-power  will  be  required  on  English 
railways.  It  may  be  further  assumed  that  no  motor 
exceedmg  250  h.p.  is  likely  to  be  required  for  British 
railways,  as  a  combination  of  six  such  motors  will  give 
1,200  draw-bar  h.p.,  or  two  four-motor  equipments  in 
multiple  unit  will  give  1,600  draw-bar  h.p. 

With  a  geared  motor,  while  there  is  no  practical 
limit  to  the  upper  gear  ratio,  the  lower  gear  ratio  is 


Table  i. 


Max. 

Breaking  Load 

Max. 

TYactive 

Effort, 

Tractive 

Speed 

Speed 

Rated 

Cylinder  Diameter, 

Wheel 

Effort 

h.p.  at 
Draw- 
bar 

at  Max. 

150-ton 

Type 

h.p. 
Motors 

Stroke  and 
Heating  Surface 

Diameter 
inches 

at  max. 
h.p.. 

Draw- 
bar h.p.. 

Train 
on 

Remarks 

tons 

m.p.h. 

Level, 
m.p.h. 

Carriage 

Wagon 

4-6-0  steam 

— 

16  in.  X  26  in. 

(4  cyl.) 

2,507  sq.  ft. 

75 

9-7 

7-4 

915 

32 

54 

3I-25 

63-4 

— 

0-8-0  steam 

2ii  in.  X  26  in. 

(2  cyl.) 
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5S 
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18 
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4/1 

58 
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IQ 

34 
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motors 
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1,200 

I  -93/1 

42 

6-6 

6-6 

775 

20 

52 

31-25 

63-4 

Multiple  unit 

motors 

motor  cars 

than  is  the  case  with  the  steam  locomotive  with  coupling 
rods.  Where  it  is  desirable  to  use  6-motor  units,  an 
articulated  2-64-6-2  design  should  be  cheaper  to  build 
and  give  better  results  in  running  than  a  similar  design 
with  a  loose  superstructure  carried  on  bogies. 

The   maximum  power   of  the  steam   locomotive  on 
EngUsh  railways  is  limited  by  the  load  gauge  in  the 


limited  by  the  size  of  the  driving  wheel.  The  gear 
wheel  itself  must  be  14  inches  smaller  in  diameter  than 
the  diameter  of  the  driving  wheel  on  the  tread,  in  order 
to  give  the  necessary  clearance  between  the  gear  case 
and  rail  level.  If  the  diameter  of  the  pinion  is  10 
inches,  and  to  secure  low  maintenance  it  should  not  be 
less  than  10  inches  for  the  size  of  the  motor  likely  to 
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be  used  in  main-line  locomotive  practice,  the  clearance 
between  the  bottom  of  the  gear  wheel  and  rail  level 
must  be  7  inches  as  a  minimum,  hence  for  a  42-inch 
w'heel  the  lowest  gear  ratio  possible  is  2-S/i.  By 
increasing  the  wheel  diameter  a  large  increase  in  nominal 
gear  ratio  and  a  considerable  increase  in  effective  gear 
ratio  are  obtainable.  The  limiting  feature  is  the  peripheral 
speed  on  the  pitch  line.  The  curve  in  Fig.  8  shows  the 
effect  on  tractive  effort  or  effective  gear  ratio  of  increas- 
ing the  wheel  diameter  from  40  inches  to  70  inches, 
using  a  lo-inch  pinion.  A  4/1  gear  ratio  is,  however, 
sufficient  to  give  as  high  a  tractive  effort  as  can  be 
utilized  with  a  58-inch  wheel  on  a  locomotive  on 
KngUsh  railways  with  a  250-h.p.  motor  unit. 


20        30       40         50        60 
Speed:    Miles  per  h.ou.r 

Fig.  3. — Locomotive  performance  curves. 

The  usual  gear  construction,  with  the  gear  pressed 
■  and  keyed  on  to  the  axle,  gives  rise  to  torsional  stresses 
which  invariably  sooner  or  later  produce  fracture  near 
the  wheel  seat.  The  a.xles  of  the  L.  &  Y.  motor  cars 
equipped  with  150-h.p.  motors  run  an  average  mileage 
of  170,000  miles  before  signs  of  incipient  fracture  occur. 
An  attempt  has  been  made  to  improve  this  by  bolting 
the  gear  wheel  to  the  road  wheel,  but  the  results  of  this 
experiment  are  so  far  indecisive.  Twin  gears  have 
been  utihzed  to  relieve  the  axle  of  these  torsional 
stresses,  but,  inasmuch  as  fracture  occurs  almost  invari- 
ably between  the  gear  and  the  adjacent  road  wheel, 
it  is  not  clear  that  this  will  be  effective  unless  the  gears 
are  bolted  to  the  road  wheels.  The  twin  gear  has  the 
slight  disadvantage  of  reducing  the  space  available 
lor  the  motor.     The  inevitable  fracture  of  motor-driven 
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axles  after  a  certain  mileage  may  be  due  to  some  extent 
to  the  torsional  effect  arising  from  the  one-sided  drive 
from  the  motor  round  curves,  the  slipping  possibly 
occurring  altogether  on  the  wheel  furthest  from  the 
motor.  The  failures  of  axles  could  probably  be  com- 
pletely eliminated  by  keeping  the  gear  wheel  clear  of 
the  axle  and  transmitting  the  drive  directly  to  twin 
gears  bolted  and  pressed  directly  on  to  the  wheel 
centres. 

The  curves  in  Figs.  3  and  5  illustrate  the  tractive- 
effort  curves  of  6-motor,  1,500  rated  h.p.  locomotives 
with  4/1  and  2/1  gear  ratios,  and  the  train  resistance 
curves  of  250  tons  (10  coach)  and  1,000  tons  (50  loaded 
wagons)  trains  respectively. 

For  the  sake  of  uniformity  a  constant  locomotive 
weight  of  no  tons  has  been  assumed  in  these  curves; 
actually  the  electric  locomotive  would  be  some  20  tons 
lighter  in  the  case  of  the  6-motor  locomotives,  as  by 


zo       30       40        _ 

Speed;  Miles  per  hour 

Fig.  4. — Locomotive  performance  curves. 


using  the  full  number  of  motor  combinations  and  field 
control  the  4-motor  equipment  will  have  six  running 
notches,  and  the  6-motor  equipment  eight  running 
notches. 

The  value  of  utilizing  the  full  number  of  motor 
combinations  in  4-  or  6-motor  equipments  has  not 
been  proved  in  suburban  traction  owing  to  the  greater 
weight  and  complication  involved  and  the  short  period 
of  acceleration,  but  for  the  locomotive  work  the  accelera- 
tion periods  are  bound  to  be  much  longer,  and  much 
greater  speed  variations  are  required  ;  hence  for  main- 
line work  the  full  number  of  combinations  will  be  found 
essential,  and  the  difficulty  of  cost  and  complexity 
due  to  the  number  of  contactors  will  have  to  be  over- 
come either  by  standardization  and  quantity  manu- 
facture or  by  reversion  to  the  type  of  direct  control 
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employed  on  the  Liverpool  and  Southport  line.  The 
direct  control  system  has  but  two  disadvantages,  its 
inadaptability  to  double  heading  with  a  single  engine 
crew,  and  the  rather  heavier  rnanual  work  thrown  on 
the  driver.  It  has  been  shown  that  a  single  electric 
locomotive  withm  the  standard  loading  gauge  can  handle 
heavier  and  faster  trams  than  any  steam  locomotive 
that  can  be  designed  for  British  conditions,  and  that 
such  a  locomotive  will  not  exceed  1,500  rated  h.p.  The 
direct  control  seems  eminently  suited,  therefore,  to  loco- 
motive operation  in  view  of  its  success  on  the  severest 
suburban  ser\dce  in  the  world. 

The  trend  of  present-day  design  indicates  that  all  the 
requirements  of  British  main-line  work  could  be  met  by 
one  standard  geared  motor  of  250  h.p.,  one  standard 
wheel    58    inches    in    diameter,    three    standard    gear 


40        50         60 
Miles  per  hour 

Fig.  5. — Locomotive  performance  curves. 

ratios  4/1,  3/1,  and  2/1,  and  four  standard  wheel 
arrangements  0-8-0,  2-8—2,  o-6-f6-o  and  2-6-f-6-2. 
The  characteristic  curves  of  the  locomotives  and  motors 
suggested  compared  with  the  characteristic  curves  of 
typical  steam  locomotives  are  shown  in  Figs.  3,  4,  5, 
6  and  7  already  referred  to  above  :  the  efficiency  of 
collector  to  draw-bar  has  been  taken  as  So  per  cent. 

It  is  not  possible  to  enter  into  further  details  of 
design,  but  one  or  two  may  be  touched  upon.  Elec- 
trical designers  delight  in  small  screws  which  can  be, 
and  are,  twisted  off  with  a  powerful  screw-driver  or 
spanner  ;  no  set  screw  or  bolt  in  the  electrical  portion 
of  the  apparatus  should  be  less  than  |  inch  in  diameter, 
and  preferably  |  inch  ;  except  for  control  and  lighting 
cables  all  conductors  should  either  be  bar  with  bolted 
joints,  all  insulation  being  carried  out  by  mica  sleeves 
and  sound  mechanical  clamps  or,  where  movement  is 
essential,  multi-strand  cable  of  extreme  flexibility. 


It  will  be  seen  from  these  curves  that  tractive  effort 
and  the  maximum  speeds  attained  are  ample  to  meet 
requirements  in  this  country,  and  that  the  range  of 
speeds  without  resistance  in  circuit  is  sufficiently  great 
to  meet  all  possible  conditions  of  load  and  gradient. 

Operation. 

Advantages. — The  advantages  of  the  electric  locomo- 
tive from  an  engineering  point  of  view  are  very  obvious 
and  may  be  briefly  enumerated  : — 

(i)  Mechanical  efficiency  is  constant  for  any  given 
tractive  effort  throughout  the  life  of  the  locomotive, 
while  that  of  the  steam  locomotive  diminishes,  particu- 
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Fig.  6. — Locomotive  performance  curves. 

larly  as  regards  the  boiler,  in  progressively  increasing 
ratio  to  the  time  it  has  been  out  of  the  shops. 

(2)  No  coal  and  no  water  has  to  be  carried  :  as  the 
weight  of  coal,  water,  tanks  and  tender  represents 
20  tons  per  locomotive  on  the  average,  the  electric 
locomotive  on  this  score  alone  has  increased  hauling 
power  of  two  loaded  5-ton  wagons,  or  one  bogie  coach 
per  train. 

(3)  The  mechanical  efficiency  is  probably  higher  than 
that  of  the  steam  locomotive,  even  at  full  loads.  Hobart 
shows  that  the  efliciency  of  collector  shoe  to  draw-bar 
for  medium  speeds  is  in  the  neighbourhood  of  80  per 
cent.  This  efficiency  depends  on  (a)  the  efficiency  of 
the  motor  through  the  gear,  and  (6)  the  frictional 
resistance  of  the  locomotive.  Actual  dynamometer  car 
tests  show  a  mechanical  efficiency  of  the  steam  loco- 
motive of  72  per  cent  at  40  m.p.h.  for  a  2-6—0  type, 
with  a  5   ft.   8  in.   wheel,  and   82   per  cent  for  a  2-S-0. 
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type  at  20  m.p.h.  with  a  4  ft.  6  in.  wheel.  Owing  to 
the  efficiency  characteristic  of  the  series  traction  motor, 
trains  can  be  run  more  efficiently  than  with  a  steam  loco- 
motive for  the   efficiency  remains  practically   constant 


20        30        40        50 
Speed  -  Hiles  per  hour 

Fig.  7. — Locomotive  performance  curves. 

from  full  load  to  half  load,  which  is  not  the  case  vnth  a 
reciprocating  engine  and  boiler ;  hence  the  electric  loco- 
motive can,  without  loss  of  efficiency,  handle  a  wider 
range  of   loads  than  the  steam  locomotive. 
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(4)  The  tractive  effort  is  more  even,  the  gain  in 
adhesion  being  of  the  order  of  20  per  cent.  With  a 
steam  locomotive  the  slipping  that  occurs  may  often 
be  noticed  to  take  place  for  a  portion  of  a  revolution 
only,     under    certain    circumstances.     With    a    steam 


locomotive,  slipping  that  starts  with  a  full  regulator 
opening  results  in  a  momentarily  reduced  coefficient 
of  friction  between  rail  and  wheel  and  continues  until 
the  regulator  is  closed.  With  the  series  motor,  on  the 
other  hand,  the  back  electromotive  force  rises,  due  to 
the  increased  speed,  and  the  current  and  torque  are 
automatically  reduced. 

(5)  The  repairs  are  smaller.  An  electric  locomotive 
may  be  expected  to  run  100,000  miles  without  failure 
or  renewals  of  smj^hing  except  brushes.  The  average 
life  of  the  principal  parts  of  the  Liverpool  and  Southport 
motor  cars  is  given  below  ;  the  average  for  locomoti\-es. 
on  main-line  working,  which  is  much  less  severe  as- 
regards  the  electrical  equipment  than  a  suburban  service, 
might  be  expected  to  be  double  these  : — 


-Armature  Ufe  between  re- winds. . 
Gear  life  between  renewals 
Armature  bearing  life 

Average  life  of  a  steam  locomotive  boiler  to 
complete  renewal 


iMiles 

131,250 

250,000 

73,000 


In  connection  with  repairs  it  should  be  borne  in 
mind  that  the  design  of  standard  electric  locomotives 
for  main-line  work  in  this  country  can  be  commenced  on 
the  basis  of  a  wealth  of  experience  gained  in  the  much 
severer  service  of  high-speed  electric  traction.  To  illus- 
trate the  probable  relative  cost  of  repairs  of  steam  loco- 
motives as  compared  with  electric  it  may  be  mentioned 
that  in  the  early  days  of  the  Liverpool  and  Southport  elec- 
trification it  was  necessary  for  a  short  time  to  run  steam, 
trains  to  the  electric  schedule.  The  coal  consumption 
was  80  lb.  per  mile  for  accelerated  express  trains,  and 
100  lb.  per  mile  for  accelerated  stopping  trains,  compared 
with  51  lb.  per  mile  for  the  electric  trains  at  the  power 
station.  The  locomotives  were  2-6-2  saturated-steam, 
type,  and  the  power  station  plant  consisted  of  recipro 
eating  engines.  With  specially  designed  superheater 
steam  locomotives,  the  locomotive  coal  consumption, 
might  have  been  reduced  probably  by  20  per  cent 
to  80  lb.  per  mile,  but  a  modern  turbine  plant  would 
have  reduced  the  power  station  coal  consumption  to 
25  lb.  per  mile,  or  less  than  one-third  the  coal  consump- 
tion of  the  locomotive.  It  is  a  fair  assumption  and 
borne  out  in  practice  that  the  boiler  repairs  represent 
50  per  cent  of  the  total  cost  of  repairs  of  the  steam  loco- 
motive and  are  proportionate  to  the  coal  consumption. 
It  is  stated  by  McHenry  that  the  actual  coal  economy 
effected  by  electrification  on  the  New  York,  New  Haven, 
and  Hartford  Railroad  was :  Passenger  services  50- 
per  cent,  freight  services  60  per  cent,  shunting  services 
66  per  cent,  while  the  cost  of  repairs  per  engine-mile 
was  expected  to  be  less  than  half.  It  appears  to  the 
author  a  not  unfair  assumption  that  the  substitution 
of  the  electric  for  the  steam  locomotive  would  effect 
an  economy  of  not  less  than  33  per  cent  in  repairs, 
and  50  per  cent  in  coal  consumption.  It  should  be 
further  taken  into  account  that  the  repairs  to  electric, 
locomotives  do  not  in  general  demand  any  complete 
dismantling  of  the  locomotive  ;  the  repairs  are  confined- 
to  the  periodical  removal  of  the  wheels  for  turning, 
and  the  motor  armatures  for  re-winding  at  much  longer- 
intervals. 
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(6)  No  washing-out  of  boiler  or  removal  of  ashes 
required. 

(7)  Less  cleaning  required. 

(8)  Less  lubricant  required.  '  Actual  consumptions 
over  long  periods  are  0-01975  pint  per  mile  for  the 
Liverpool  and  Southport  and  Manchester  and  Bury 
motor  cars  of  800  h.p.  rated  motor  capacity  as  against 
0-0726  pint  per  mile,  as  an  average  figure  for  steam 
locomotives. 

(9)  No  detentions  due  to  lack  of  steam. 

(10)  Less  failures,  causing  interruption  of  traf&c. 

(11)  More  rapid  shunting  movements. 

(12)  Regenerative  braking  possible. 

(13)  No  turn-tables  required. 

(14)  Cheap  and  efficient  supply  of  electricity  for 
lighting,  cranes,  etc. 

(15)  Roads  now  used  by  engines  going  to  and  from 
shed  to  turn,  for  water  or  for  coal,  would  be  available 

Motors  in  normal  position  on  bogie 
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Fig.  9. — Effect  of  tilting  motors  through  45°  on  height 
of  centre  of  gravity  of  vehicle. 


for  traffic  purposes,  and  engine  mileage  for  this  purpose 
would  be  eliminated. 

(16)  More  than  half  the  wagons  now  used  for  loco- 
motive coal  would  be  freed  for  other  traf&c.  This 
would  amount  to  830  wagons,  equal  to  2-4  per  cent 
■of  the  whole  wagon  stock  on  the  Lancashire  and  York- 
shire line. 

(17)  Owing  to  the  more  continuous  use  made  of  the 
locomotives,  and  the  consequent  smaller  number,  at 
least  33  per  cent  of  the  locomotive  sheds  and  shed 
yards  could  be  devoted  to  other  purposes. 

(i8)  The  electric  locomotive  within  the  standard 
minimum  load  gauge  of  the  British  Isles  can  be  made 
■io  per  cent  more  powerful  than  any  existing  steam 
locomotive.  Any  necessity  for  strengthening  bridges 
to  meet  the  needs  of  more  powerful  locomotives  could 
be  obviated  by  a  general  electrification. 

It  should  be  noted  that  one  of  the  serious  problems 
in  connection  with  increasing  of  the  load  gauge  in  the 
British  Isles  to  the  Continental  load  gauge  would  be 
the  consequent  necessity  for  strengthening  the  bridges 
and  viaducts  to  meet  the  more  powerful  steam  loco- 
motives which  would  then  come  into  use.' 


(iq)  Double  heading  with  a  single  train  crew  is 
possible,  if  required  and  if  multiple-unit  control  is  used. 

(20)  Automatic  increase  of  torque  with  reduction 
in  speed  enables  tonnage  loading  to  be  maintained 
over  variable  grades  without  reduction  in  schedule. 

{21)  Elimination  of  the  smoke  nuisance. 

Disadvantages. — These  are  : — 

(1)  Liability  of  hold-up  of  all  trains  due  to  failure 
of  current  supply. 

(2)  Difficulty  of  heating  existing  carriage  stock. 

(3)  Difficulty  of  controlling  acceleration  in  shunting 
operations. 

{4)  Difficulties  incidental  to  electric  operation  arising 
from  presence  of  a  trolley  wire  or  third  rail  and  the 
collection  therefrom. 

(5)  Difficulty  in  arranging  locomotive  and  rolling  stock 
workings  to  give  the  locomotives  the  continuous  use 
of  which  they  are  capable. 

(6)  Assumed  higher  cost  per  ton  of  an  electric  loco- 
motive as  compared  with  a  steam  locomotive  of  the 
same  maximum  horse-power. 

The  author  only  proposes  to  deal  with  tliree  of  these 
points  in  the  scope  of  this  paper. 

Difficulty  (3)  can  be  overcome  by  the  use  of  all  four 
or  all  six  motors  in  series  and  the  use  of  liberally  propor- 
tioned resistances  and  by  field  control  ;  the  alternating- 
current  motor  has  an  advantage  in  this  respect  in  a 
greater  number  of  running  speeds  being  available. 

In  regard  to  (4),  the  current  must  be  collected  from 
either  a  trolley  wire  or  a  third  rail  ;  the  comparative 
merits  of  these  types  of  supply  are  well  known.  Briefly, 
the  trolley  is  inflexible  in  regard  to  extensions,  and 
difficult  to  install  or  repair  without  interruption  to 
traffic,  and  is  a  serious  obstruction  to  the  breakdown 
crane. 

The  third  rail  is  an  obstruction  on  the  track  and 
therefore  objectionable  inherently :  it  is  an  obstruc- 
tion to  the  ordinary  maintenance  of  the  track  and 
intolerable  in  sidings  where  much  shunting  is  done  ; 
in  these  latter  places,  however,  the  objection  can  be 
much  modified  by  flooring  the  spaces  between  the 
tracks  with  wood  at  a  level  only  an  inch  or  two  below 
the  level  of  the  top  of  the  third-rail  guarding.  The 
probability  is  that  in  main  line  electrifications  the  third 
rail  will  be  used  where  track  complications  are  not  great 
and  where  little  shunting  is  done  ;  the  trolley  elsewhere. 
The  locomotive  will  therefore  have  to  be  equipped  with 
both  bows  and  shoes.  With  locomotive  operation  of 
heavy  trains,  continuity  of  contact  will  be  essential  : 
at  junctions,  gaps  which  the  shoes  of  the  locomotive 
will  not  span  occur  in  the  third  rail ;  this  gives  rise 
to  severe  jerks  on  the  train.  Overhead  wires  must 
therefore  be  installed  at  these  points.  The  trolley  wire 
where  installed  must  be  at  least  2  ft.  above  the  loading 
gauge  ;  the  bow  must  therefore  either  rise  automatically 
wherever  encountered,  and  fall  automatically  on  lea\'ing 
it,  or,  if  the  bow  is  permanently  up,  all  points  where  it 
might  foul  the  load  gauge  must  be  equipped  with  trolley 
wires.  In  this  connection  much  discussion  has  taken 
place  in  regard  to  standardization  of  collector  voltage 
and  position.  In  Great  Britain  to-day  there  exist  two 
types  and  three  positions  of  the  third  rail,  three  direct- 
current    voltages    and    one    alternating    voltage.     The 
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question  of  the  most  suitable  voltage  of  supply  has  been 
frequently  discussed,  but  remains  undecided.  The  author 
does  not  consider  that  the  existence  of  the  comparatively 
few  suburban  electrifications  at  6ob  volts  or  1,200  volts 
should  militate  against  the  adoption  of  a  standard  1,500 
volts.  The  inclination  towards  higher  voltages  mainly 
arises  from  three  causes  :  (a)  the  reduction  in  copper 
effected,  (6)  the  improved  commutation  with  smaller 
currents,  (c)  the  economy  arising  from  concentrating 
the  substation  machinery  in  fewer  substations.  None 
of  these  advantages  are  of  serious  moment  either  prac- 
tically or  financially  except  where  the  density  of  traffic 
falls  considerably  below  that  of  any  suburban  electrifi- 
cation existing  to-day  in  Great  Britain.  The  use  of 
1,500  volts  for  electric  traction  is  desirable  solely  for 
the  sake  of  future  main-line  electrification  work  for 
reason  (f)  ;  as  this  field  is  practically  untouched,  the 
first  extensive  electrification  carried  out  is  likely  to 
standardize  both  voltage  and  third-rail  position.  It  is, 
of  course,  practicable  to  operate  locomotives  at  two 
voltages,  but  the  facility  is  dearly  bought  as  regards 
first  cost  and  n^aintenance  by  the  only  practical  solution 
of  connecting  motors  permanently  in  series  for  the  higher 
voltage  running,  thus  multiplying  the  number  of  motors 
to  be  matntamed  and  the  contactors  in  connection  there- 
with. The  suburban  electrifications  that  exist  at  600 
volts  are  almost  self-contained  as  regards  both  rolling 
stock  and  tracks  in  the  few  instances ;  and  on  the  short 
mileages,  where  main-line  stock  utilizes  suburban  tracks, 
duplication  of  the  collecting  system  by  putting  the 
higher  voltage  overhead  is  preferable  to  saddling  the 
main-line  system  with  other  motors  permanently  in 
series  and  additional  contactors.  In  some  few  cases 
half-speed  operation  of  the  main-line  locomotives  would 
meet  all  requirements. 

The  cost  of  electric  locomotives  is  undoubtedly  high, 
but  the  author  suggests  that  this  high  cost  is  due  more 
to  the  experimental  natures  of  the  designs  and  the 
small  numbers  built  to  any  particular  design  rather 
than  to  any  inherent  feature  of  the  electric  locomotive. 
The  frames,  wheels,  brake  rigging,  draw  gear  and 
superstructure  of  an  electric  locomotive  should  cost 
no  more  than  in  the  case  of  a  steam  locomotive.  These 
items  represent  approximately  60  per  cent  of  the  total 
weight. 

The  cost  of  an  electric  locomotive  built  in  large  quan- 
tities and  to  standardized  designs  should  not  exceed  that 
of  a  steam  locomotive  capable  of  doing  the  same  work. 
To-day  a  2-8-0  steam  locomotive  costs  approximately 
;^io,ooo  to  /i4,ooo  ;  it  is  difficult  to  believe  that  an 
electric  locomotive  of  similar  draw-bar  horse-power 
would  cost  any  more,  for  it  must  be  emphasized  that 
any  comparison  made,  to  be  of  value,  must  be  based  on 
draw-bar  horse-power. 


Financial  Aspect. 

In  dealing  with  the  financial  aspect  of  the  substitu- 
tion of  electric  for  steam  locomotives,  deductions  favour- 
able to  electrification  have  been  drawn  from  general 
figures  applying  to  the  whole  of  the  railways  of  Great 
Britain  or  the  United   Kingdom.     The  author  suggests 


that,  even  as  indicating  tendencies  only,  such  figures 
must  be  taken  with  caution.  The  laws  defining  which 
streets  of  a  town  are  worth  a  tramcar  or  omnibus  route, 
and  which  are  to  be  served  by  horse-drawn  or  pedestrian 
transport  are  similarly  applicable  to  a  railway  network  : 
there  is  a  certain  density  of  traffic  below  which  an 
economy  will  not  be  obtained  sufficient  to  pay  an 
adequate  rate  of  interest  on  the  capital  expenditure 
in  electrifying,  nor  to  provide  a  sinking  and  renewal 
fund.  Sufficient  experience  does  not  exist  to  define 
this  limit,  but  an  approximate  examination  of  a  particular 
case  will  give  some  indication  to  be  arrived  at  as  to 
whether  the  particular  section  examined  will  bear 
electrification  or  not.  To  illustrate  the  point,  the  case 
of  a  railway  with  one  of  the  most  dense  traffics  in 
England,  as  compared  with  that  of  the  aggregated 
railways  of  England  and  Wales,  may  be  considered. 


Route  miles    . . 

Number  of  steam  locomotives 

Steam  locomotives  per  route 

mile 
Engine-mdles  per  annum 
Percentage  of  shunting  miles 
Engine-miles  per    route  mile 

per  annum  . . 
Maintenance  and  renewal  of 

rolling  stock,  locomotives . . 
Cost  per  engine-mile 
Locomotive  running  expenses 
Cost  per  engine-mile 
Engine-miles  per  engine  per 

annun\ 


1913 

Lancashire  and 
England  Yorkshire  Rail- 

and  Wales  way  Company 

I5."J5.5  600 

20,815  1,577' 


1-33  262 

525,804,000     33,536,000 

18-98 


33,586 

£5,453.650 

2-49d. 

/15, 390, 900 

702d. 

2t,25o 


28-16 

55.893- 
^337,000 

2-4id. 

£956,000 

6-84d. 

21,265 


These  figures,  taken  from  the  Railway  Returns  of 
1913,  indicate  how  dense  the  traffic  is  on  the  railway 
in  question  as  compared  with  England  and  Wales, 
generally. 

It  is  obvious  that  even  on  the  L.  &  Y.  Railway  there 
are  many  route  miles  on  which  the  traffic  would  not 
warrant  electrification  ;  the  single-track  mileage  is 
2,224  miles,  of  which  sidmgs  amount  to  743  miles, 
the  electrification  of  600  route  miles  would  involve, 
sidings  excepted,  the  electrification  of  1,481  miles  of 
track,  say  1,600  miles  including  entrances  to  sidings. 
It  is  interesting  to  make  a  rough  estimate  of  the  cost 
of  electrifying  the  whole  of  this  railway  on  which  traffic 
is  so  dense.  It  is  a  difficult  matter  to  ascertain  the 
exact  energy  consumption  that  will  be  required  for 
the  whole  of  a  railway  system  without  obtaining  a 
number  of  dynamometer  car  records  of  typical  trains. 
An  approximate  estimate  may  be  made  on  the  basis 
of  the  tests  tabulated  in  the  table  on  page  866. 

The  train-miles  run  over  the  company's  system  by 
the  company's  engines  are  divided  as  shovra  below, 
also  the  total  electrical  output  per  annum  calculated 
on  an  arbitrary  basis  estimated  from  the  above  tests 
of  12  units  per  passenger-train-mile,  25  units  per  goods- 
train-mile,  8  units  per  shunting  and  assistant  mile  and 
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steam  rail-motor-mile,  and  22  units  per  electric  traction - 
mile. 


Class  of  Train-mile 

Miles 

Units 
per 
Train- 
mile 

Approximate 
Units  per 
Annum 

Coaching 

Goods 

Shunting  and  assist- 
ant and  steam  rail 
motor 

lilectric  traction 

11,247,616 
4,993,321 

13,355.565 

1.765.879 

12 

25 

8 
22 

135,000,000 
125,000,000 
107,000,000 

39,000,000 

Total     . . 

31.362,381 

13 

406,000,000 

Assuming  that  these  units  are  spread  uniformly  over 
24  hours  per  day  for  338  days  per  annum  {311+27) 
=  8, 100  hours.  The  average  load  in  kilowatts  is  approxi- 
mately 50,000  kw.     The  maximum  intensity  of  traffic 


in  the  same  time  as  two  with  steam.     In  the  particular 
case  in  question,  the  locomotive  rolling  stock  may  be 
classified  approximately  as  follows  : — 

Passenger  . .  . .      480 

Goods     . .  . .  . .     850 

Shunting  . .  . .      30.0 

Continuous  use  could  not  easily  be  found  for  the 
passenger  engines,  as  the  passenger  traffic  is  practically 
non-existent  between  9  p.m.  and  7  a.m.  It  appears 
probable  that,  owing  to  the  general  slower  movement 
of  goods  trains,  the  passenger  locomotives  could  be 
utilized  for  certain  classes  of  goods  trains  using  the 
series  and  series-parallel  combinations  only,  as  can  be 
seen  by  a  comparison  of  the  series-parallel  tractive 
effort  curves  of  the  2-6 -|- 6-2  and  2-8-2  locomotives 
with  2/1  gear  ratio  in  Figs.  3  and  5.  A  more  continuous 
use  could  be  found  for  the  goods  engines,  as  the  goods 
traffic,  though  most  intense  at  night,  continues  through- 
out the  24  hours.  It  is  doubtful  if  the  number  of 
shunting  engines  would  be  reduced,  though  quicker 
shunting  and  fewer  service  delays  would  reduce  the 
number    to    some    extent.     Assuming    reductions    of 


Type 

Weight  of  Train, 
toes 

Length  of 
Run,  miles 

Average  Speed, 

Appro.ximate 

m.p.h. 

Units  at 

Draw -bar 

per  Train-mile 

Efficiency  Col- 
lector Shoe 
DrJw-bar,  per 
cent* 

Efficiency  H.T. 

Busbars  over 

Collector  Shoe* 

Units  per 

Train-mile  at 

Generating 

Station 

Passenger,  steam  hauled     . . 
Goods,  steam  hauled 
Electric  motor  cars 

-■*  Butte  Anaconda  and  Pacific 
goods,  steam  hauled 

•Actual   suburban    electrifica- 
tion 

142 

So  I 

144 
I        1,040 
Up  grade 
3.550 
,  Down  grade 

180 

36 
39 
18J 

40 
38 

55 
20 

45 

20 

30t 

7 
23 

7 

75 
14 

80 

So 

80 
80 

80 

000           0                0 

00    00    CO                CO                        CO 

lit 

36t 
lit 

117 
22 

HoBART  :  "  Electric  Railways,"  Proceedings  of  the  Institution  of  Civil  Engineers,  1916,  vol.  201. 
X  Dynamometer  car  record  reduced  to  electrical  units. 


t  Stop  every  i"26  miles. 


would  probably  rise  to  25  per  cent  above  the  average, 
it  being  borne  in  mind  that  during  the  hours  when 
passenger  traffic  is  at  a  maximum,  goods  traffic  is  at 
a  minimum. 

The  maximum  one-hour  load  may  be  therefore  taken 
at  62,500  kw.  Five  12,000-kw.  units  should  carry  this 
load  and  would  allow  for  peaks  of  80,000  kw. 

The  assumption  is  further  made  that  1,100  electric 
locomotives  would  replace  1,600  steam  locomotives  on 
the  individual  railway  in  question  as  a  rough  estimate 
based  on  various  data.  The  Butte  Anaconda  and 
Pacific  Railway  were  able  to  substitute  17  electric 
and  4  steam  locomotives  for  27  steam  locomotives, 
and  the  schedule  was  accelerated  by  100  per  cent 
and  the  weight  of  the  trains  by  35  per  cent  ;  it  is 
belie\'ed  that  the  North  Eastern  Railway  have  found 
that  six  electric  locomotives  will  do  the  work  of  12 
steam  locomotives.  These  are,  however,  special  cases 
of  mineral  traffic  on  heav)'  gradients.  J.  A.  Droege, 
General  Superintendent  of  the  New  York,  New  Haven 
and  Hartford  Railroad,  states  that  after  electrification 
it  was  found  that  three  round  freight  trips  between 
New    York    and    Bridgeport    (Conn.)    could    be    made 


25  per  cent  in  the  passenger,  40  per  cent  in  the  goods 
and  10  per  cent  in  the  shunting  engines,  the  number 
of  electric  locomotives  required  would  be  i,  140.  Looking 
at  the  question  from  another  aspect  a  total  of  1,600 
engines  is  required  to  maintain  1,200  engines  steamed 
daily  :  400  being  the  required  number  for  works  and 
shed  repairs,  etc.  Assuming  that  the  work  of  1,200 
steam  locomotives  could  be  done  by  900  electric  loco- 
motives and  that  200  instead  of  400  were  required 
for  repairs,  etc.,  for  the  reasons  given  in  paras.  5,  6,  7 
and  15  on  pages  863  and  864,  then  the  total  number  of 
electric  locomotives  required  would  be  i,ioo. 

The  capital  cost  of  electrification  would  then  be  as 
follows  at  pre-war  prices. 

C 
84,000-kw.  generating  station  at  ;^io  per  kw.  840,000 
8o,ooo-kw.  substation  plant  at  £6  per  kw.. .  480,000 
300  miles  transmission  at  ;^3,ooo  per  mile  . .  900,000 
*i,6oo  miles  of  track  at  ;/^2,ooo  per  mile  . .  3,200,000 
1,100  locomotives  at  ;/^5,ooo  each       . .  . .     5,500,000 


Total  ^£10,920,000 

*  Includes  overhe.^d  equipment  in  soods  yards  entrances,   and  alterations 
to  signalling. 
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;^io, 920,000  is  not  the  real  capital  expenditure,  for 
from  this  has  to  be  deducted  the  cost  of  renewals  of 
the  existing  steam  locomotive  stock  during  the  period 
of  years  covering  the  electrification  'operation,  and  the 
sale  value  of  the  remainder.  Deductions  also  require  to 
be  made  for  site  and  traffic  values  of  disused  locomotive 
sheds,  turn-tables,  and  roads  freed  from  traffic  for 
engine  purposes.  Evaluating  the  credit  for  steam 
locomotive  renewals  and  sales  at  ;^2,ooo,ooo  and  the 
site  values  freed  at  an  arbitrary  figure  of  /42o,ooo,  the 
net  cost  of  electrification  stands  at  /8, 500, 000. 

The  actual  costs  of  steam  operation  in  191 3,  and 
assumed  economy  by  use  of  electric  locomotives  are 
shown  in  the  following  table,  liberal  percentages  being 
allowed  to  put  the  most  favourable  complexion  on  the 
financial  results  of  the  proposed  change,  and  making 
no  allowance  for  increased  track  maintenance  charges. 

Actual  Locomotive  Costs,   191 3. 


Assumed  Total 

Percentage         Economy, 
Economy  £ 


Superintendence    .  . 

25,000 

Nil 

Running  wages 

394,000 

25 

100,000 

Fuel 

432,000 

50 

216,000 

Water 

33,000 

Nil 

— 

Lubricants . . 

13,000 

50 

6,000 

Stores    and    miscel- 

laneous   . . 

33.000 

Nil 

— 

Repairs 

316,000 

33 

105,000 

Total   . . 

— 

427,000 

The  coal  used  under  conditions  of  electric  haulage 
is  that  required  for  406,000,000  units  at  2-0  lb.  of  coal 
per  unit  =  363,ooo  tons  of  coal,  whereas  the  coal  actually 
used  on  steam  locomotives  in  1913  =  726,512. 

If  regenerative  braking  permitting  a  return  of  only 
15  per  cent  of  the  energy  to  the  line  was  used,  the  coal 
consumption  would  be  considerably  less  than  half 
that  under  steam-haulage  conditions.  The  Chicago, 
Milwaukee  and  St.  Paul  line,  a  rather  special  case  owing 
to  long  gradients,  claim  a  35  per  cent  return  to  the  line. 

The  economy  effected  may  be  looked  at  in  another 
way ;  the  cost  of  generating  electric  power  in  an  84,000- 
kw.  station  would  not  exceed  0-25  per  unit  generated 
at  19 1 3  prices,  considering  the  high  load  factor  which 
would  be  obtained,  and  the  comparatively  small  and 
simple  distribution  system  and  the  homogeneity  of  the 
equipment.  The  total  cost  of  current  would  then  be 
;^423,ooo  per  annum.  This  is  nearly  equivalent  to  the 
cost  of  coal  with  steam  traction  ;  the  economy  then 
possible  is  limited  to  that  which  can  be  effected  in 
runnhig  wages  and  repairs,  approximately  /20o,ooo  per 
annum. 

It  will  be  seen  that  the  economy  effected  could  not 
offer  a  return  of  more  than  5  per  cent  on  the  capital 
expenditure.     The  figures  are  applicable  to  the  present 


day  if  approximately  doubled,  and  the  probability  is 
that  the  return  would  be  less  than  3  per  cent. 

The  saUent  points  arising  from  these  rough  estimates, 
which  though  based  mainly  on  arbitrary  assumptions 
are  probably  substantially  accurate,  are  the  very  large 
proportions  of  the  total  capital  expenditure  debited 
to  the  transmission  (ii-2  per  cent),  track  (40  per  cent), 
and  locomotives  (25  per  cent),  and  the  very  clear 
indication  given  of  the  substantially  greater  return  on 
capital  expenditure  which  would  be  obtained  by  retaining 
steam  operation  by  those  services  on  which  the  expendi- 
ture per  mile  for  fuel  and  repairs  was  low. 

It  is  evident,  therefore,  that  if  electrification  is  to 
be  regarded  from  the  point  of  view  of  economy  in 
operation  denser  traffic  areas  must  be  sought  than 
are  offered  by  the  whole  Lancashire  and  Yorkshire 
system,  dense  as  is  its  traffic  compared  with  the  average 
for  England  and  Wales.  On  the  other  side  of  the 
scale  are  the  improved  facilities  offered  for  the  move- 
ment of  traffic  and  the  possibilities  of  increased  revenue. 
Experience  in  the  L'.S..\.  and  elsewhere  has  shown,  as 
for  instance  on  the  Butte  and  .\naconda  Railway,  that 
electrification  will  enable  substantial  increases  in 
schedule  speed  and  train  weight  to  be  effected.  These 
increases  would  probably  result  in  increased  and  not 
decreased  expenditure  per  train  and  per  ton-mile, 
while  the  increased  revenue  is  a  matter  for  speculation, 
because  the  traffic  problem  is  not  merely  a  problem 
of  moving  trains  faster,  at  least  as  far  as  goods  traffic 
is  concerned. 

Given  sound  engineering  design  the  ratio  : 

Cost  of  current-producing  plant 
Cost  of  track  equipment  and  locomotives 

will  give  a  general  indication  of  the  probable  com- 
mercial success  of  an  electrification  scheme.  For  a 
typical  suburban  electrification  this  ratio  is  approxi- 
mately I  ;  in  the  case  under  consideration  it  is  approxi- 
mately 0-25. 

It  is  evident  that,  in  the  case   under  consideration, 
if  the  track  to  be  electrified  could  be  reduced  by  one- 
half,  while  the  number  of  locomotives  required  is  only 
reduced  by  one-third,  then  the  total  capital  expendi- 
ture would  be  reduced  to  /5, 500, 000  while  the  economies 
effected    might    only    be    reduced    by    one-fifth.     The 
return  on  the  capital  expenditure  would  then  become 
approximately  8  per  cent  for  a  ratio  of  approximately 
I    0-4.     Immediate    electrifications    will    be    limited    to 
1    densely   trafficked   sections   of  the   main   line   when   a 
j    maximum  continuous  use  can  be  obtained  from  both 
1   locomotives  and  track  equipment,   and  where  the  ex- 
penditure on  these  items  is  such  that  the  e.xpenditure 
ratio  is  0-5  or  more. 

In  conclusion,  the  continuous  use  of  both  the  loco- 
motives and  track  is  therefore  the  key  to  the  whole 
problem  of  main-line  electrification  in  its  financial 
aspect,  and  this  is  rather  a  railway  than  an  electrical 
or  mechanical  engineering  problem.  It  .is  for  the 
engineer  to  design  an  electric  locomotive  sufficienth' 
flexible  to  work  efficiently  either  goods  or  passenger 
trains ;  those  responsible  for  traffic  operarion  have  the 
equally  difficult  task  of  arranging  the  workings  for  the 
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train  services,  which  must  suit  the  pubUc  convenience, 
in  such  a  way  as  to  secure  the  continuous  use  of  the 
tractors,  which  is  made  practicable  bv  electric  traction  ; 
not  the  least  difficult  point  to  be  dealt  with  in  mvesti- 
gating  this  is  the  arrangement  of  the  change-over  from 
electric  to  steam  haulage  at  the  terminals  of  the  electri- 
fication. It  is  also  for  the  traffic  department  to  determine 
whether  greater  loads  hauled  and  the  higher  average 
speeds  and  more  rapid  clearing  of  the  block  sections 
will  enable  their  work  to  be  done  so  much  more  efficiently 
and  economically  as  to  compensate  for  the  increased 
costs  of  locomotive  operation  consequent  on  such 
increased  loading  and  acceleration. 

The  author  has  endeavoured  Ln  a  broad  way  to  draw 
the  conclusion,  confirmed  by  what  has  been  done  on 
the  Chicago,  Milwaukee  and  St.  Paul  and  on  the  Italian 
and  Swiss  Railways,  that  sufficient  data  and  experience 
exist  to  enable  the  engineer  to  design  electric  locomotives 
of  the  type  required,  and  to  predetermine  with  accuracy 


the  capital  expenditure  and  operating  costs,  but  that 
the  determination  of  the  most  suitable  sections  to 
electrify  is  essentially  a  traffic  problem.  He  ventures 
to  join  his  predecessors  Ln  papers  dealing  with  this 
particular  field  of  traction  in  the  plea  for  the  im- 
mediate appointment  of  Committees  to  deal  with 
the  standardization  of  third-rail  position  and  voltage, 
motors,  gearing,  contactors,  and  locomotives.  It  has 
been  and  will  be  urged  that  such  standardization 
is  a  bar  to  progress,  but  standardization  carried  out 
with  due  regard  to  future  progress,  and  in  which  due 
weight  is  given  to  the  practical  knowledge  of  the 
operating  staff  of  the  railways,  will  be  no  bar.  It  will 
be  a  misfortune  if,  from  apathy  or  any  other  cause, 
the  introduction  of  the  new  form  of  traction  on  railways 
is  allowed  to  give  birth  to  the  multiplicity  and  variation 
of  types  and  details,  mostly  unimportant  in  their  bearing 
on  efficienc}-,  which  characterize  British  steam-loco- 
motive practice  of  the  present  day. 


APPENDIX   A. 

Tlie  following  Table  gives  the  cost  of  Repairs,  Wages,  Repairs  Materials,  Stores,  Inspection,  General  Maintenance 
of  all  Electrical  Equipment  and  Motor-bogie?,  Electrical  Equipment  of  Trailers,  but  exclusive  of  trailers  and  the  coach 
bodies  of  the  motor-cars,  i.e.  it  is  a  true  representation  of  the  cost  of  maintenance  of  the  motive  power  portion  of  Electric 
Rolling  Stock  :— 


No.  of 
Motoi- 
cars  at 
end  of 

No.  of 
Motors 

Wages 

Materials 

Wages 

and  Materials 

Total 

Cost  per 

Motor, 

Oil 

All 

Classes 

Average 

No.  of 

Miles 

per  Motor- 

Half-year ending — 

Per 

Per 

Per 

Per 

Half- 

Total 

Motor- 

Total 

Motor- 

Total 

Motor- 

Motor- 

125  or 
150  fa. p. 

per  r,ooo 
Motor- 
miles 

car  per 

ye-^r 

mile 

mile 

car 

mile 

Annum 

£ 

d. 

i 

d. 

£ 

£ 

d. 

£ 

gaUs. 

miles 

June  1906 

51 

178 

3.4.S8 

0-I73 

3.016 

0- 151 

6.474 

127 

0-324 

36-4 

0-605 

49,456 

— 

Dec.  1906      . 

52 

180 

4.885 

o-2i8 

■  4.656 

6-  208 

9.541 

184 

0-426 

53-0 

0-504 

56,460 

— 

June  1907     . 

.52 

180 

4,902 

o-  223 

5,097 

0-231 

9.999 

192 

0-454 

55-5 

0-514 

57.042 

— 

Dec.   1907 

60 

212 

5.395 

0-231 

4.239 

0-182 

9.634 

i6t 

0-413 

45-4 

0-605 

52,840 

— 

June  190S 

64 

228 

5.168 

o-  226 

4,184 

0-183 

9.352 

146 

0-409 

41-0 

0-730 

48,114 

— 

Dec.   190S      . 

64 

228 

4.362 

o- 191 

3.II9 

0-136 

7.481 

117 

0-327 

32-8 

0-777 

48,598 

— 

June  1909 

64 

228 

5.I4I 

0-243 

2.470 

0- 117 

7,611 

119 

0-360 

33-4 

0-736 

— 

— 

Dec.   1909 

64 

228 

4.689 

0-202 

2,503 

0- 108 

7.192 

112 

0-310 

31-5 

0-753 

46,120 

— 

June  igio      . 

64 

22.8 

4.300 

o- 190 

2,293 

o-ioi 

6,593 

103 

0-291 

28-9 

0-  712 

— 

— 

Dec.    1910 

64 

228 

4,864 

0-203 

3.3S9 

0- 141 

S.253 

129 

0-344 

36-2 

0-589 

47.763 

— 

June  1911 

64 

228 

4.394 

0- 190 

3.524 

0-153 

7.91S 

123 

0-344 

34-7 

0-732 

— 

— 

Dec.   1911 

64 

228 

4,086 

0- 166 

4.025 

0- 164 

8,111 

126 

0-330 

35-5 

0-695 

48,528 

— 

June  1912      . 

64 

228 

4.071 

0-173 

3.410 

0-145 

7.481 

117 

0-318 

32-8 

0-697 

— 

— 

Dec.   1912 

66 

236 

4.746 

0- 189 

3.195 

o- 127 

7.941 

120 

0-316 

33-6 

0-689 

48,861 

— 

June  IQ13 

70 

244 

7.237 

0-285 

5.578 

0-  220 

12,815 

183 

0-505 

52-5 

0-673 

— 

— 

Dec.   1913      . 

72 

244 

7.398 

0-258 

7.090 

0-247 

14,488 

201 

0-505 

59-4 

0-705 

48.949 

— 

June  1914 

72 

244 

6,770 

0-248 

7.368 

0-270 

16,421 1 

228 

o-6oi 

67-3 

0-766 

— • 

2,283 

Dec.    1914 

78 

268 

7.177 

0-256 

5.764 

0-205 

14,058  t 

180 

0-501 

52-5 

0-651 

46,347 

1,117 

June  1915      . 

78 

268 

* 

— 

— 

— 

— 

— 

— 

— 

0-726 

. — 

— 

Dec.   1915 

78 

268 

— 

— 

— 

— 

— 

— 

— 

— 

0-793 

40,760 

— 

June  1916      . 

78 

268 

— . 

— 

— . 

— 

— 

— 

— 

— 

0-787 

— 

— • 

Dec.   1916 

78 

268 

— 

— 

— 

— 

— 

— 

— 

— 

0-828 

38.895 

— ■ 

June  1917 

78 

268 

— 

— 

— 

— 

— 

— 

— 

— 

0-852 

— 

Dec.   191 7 

78 

268 

— 

— 

— 

— 

— 

— 

— 

— 

0-892 

38.323 

— 

June  1918 

78 

268 

— 

— 

. — 

— 

— 

— 

— 

— 

0-925 

— 

— 

Dec.   1918      . 

78 

268 

— 

— 

— 

— 

— 

— 

— 

— 

0-807 

37.663 

— 

•  These  fibres  are  not  cairied  forward  owing  to  the  fact  that  the  conditions  arising  out  of  the  War  made  them  useless  for  comparative  purposes, 
t  Includes  cabling  by  C,  and  W.  Department. 
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APPENDIX  B. — Mileage  between  Overhaul. 


Wheels 

Wheels  between  turning 

Half-year  ending — 

Standard 
Bogies 

between 

"  tximing  up 

of  Tyres, 

l5o-h.p. 
Armature 

All  Classes 
of  .Armature 

Life  of 
Brushes 

Life  of 
Shoes 

Life  of 

Brake 

[      Blocks 

up  01 

Tyres 

iso.h.p. 

125  h.p. 

250  h.p. 

Miles 

'       MUes 

Miles 

Miles 

Miles 

Miles 

Miles 

Miles 

MUes 

June  1906     .  . 

17.750 

— 

— . 

— 

11.000 

— 

1,683 

— 

— 

Dec.   it)o6    . 

28,800 

39,000 

124.000 

44,000 

11.680 

112,500 

1.784 

— 

— 

June  1907     . 

32,700, 

38,000 

115,000 

41,700 

12.640 

127.300 

1,915 

— 

— 

Dec.   1907     . 

32,600 

49,400 

87,300 

49,000 

15.550 

116,000 

2.150 

— 

— 

June  1 90S     . 

32,800 

42,300 

128,000 

63,000 

13.300 

78,500 

2.320 

— 

— 

Dec. ,  1 908    . 

28,500 

30,300 

171,030 

87,100 

10,900 

102,000 

2.680 

— 

— 

June  1909    . 

25,260 

27,420 

I79.S50 

83.930 

II. 180 

61.600 

3.251 

— 

— 

Dec.   1909    . 

30,170 

30,000 

278,270 

55.780 

14.800 

131,810 

3.587 

— 

— 

June  1910    . 

28,650 

30,400 

237.440 

65,730 

13.510 

83.100 

2. 763 

— 

— 

Dec.  1910    . 

27,010 

29.330 

256,610 

63.890 

11.430 

85.530 

2,512 

— 

— 

June  1911     . 

29,632 

31.656 

283,148 

55.705 

12.134 

55.398 

2.655 

— 

— 

Dec.   191 1     . 

31.824 

35.219 

293.490 

129,374 

I4.8S9 

89,539 

3.059 

63,546 

— 

June  191J     . 

32,072 

33.321 

285,088 

81,148 

18.099 

122. 181 

2,929 

78,194 

— 

Dec.,1912     . 

48,124 

41.879 

189.176 

66.183 

17.049 

119,263 

2,936  • 

59,613 

— 

June  1913    . 

59.430 

42,972 

98,007 

66,043 

15.113 

103.452 

2,836 

122,394 

— 

Dec.   1913    . 

41,200 

34.144 

137.335 

64,122 

14.288 

93,638 

3,328 

28,531 

123,220 

June  1914    . 

34.287 

32,961 

126,934 

52.263 

10,576 

67.033 

2,663 

30,590 

22.206 

Dec.   1914    . 

41.834 

34.507 

142,042 

62.092 

8.185 

71,021 

2,688 

61,113 

48.852 

June  1915     . 

45.873 

36,816 

148,207 

63.722 

9.164 

56,117 

2,340 

51,512 

18.742 

Dec.   1915    . 

. 

34.008 

29,203 

149,258 

56,954 

11.067 

94.268 

2,456 

36,744 

15.500 

June  1916    . 

28,770 

30,078 

132,345 

67.520 

12.420 

99.883 

3.431 

41,505 

16.116 

Dec.   1916    . 

• 

30,045 

29.547 

144,542 

71,246 

11.678 

172.518 

3.683 

24,724 

7.806 

June  1917     . 

27.115 

24.813 

95,644 

64.382 

10,364 

70.139 

3.394 

75,723 

44.889 

Dec.   1917    . 

• 

29,830 

30,526 

:  16,678 

70,024 

12,108 

114. 142 

2,768 

56,772 

15.280 

June  1918    . . 

28,534 

24,656 

95,832 

57.323 

12,500 

74.692 

2.740 

25.038 

44,287 

Dec.  1918    .. 

28.860 

27.342 

140,403 

91.188 

13.686 

73.168 

2,850 

96,699 

16,865 

The  original  diameter  of  the  commutators  was  17^  inches,  and  the  tread  wear  is  approximately  o'i75  inch  per  annum. 

These  commutators  can  be  worn  down  to  15  inches,  so  that   their  total  life  is  about  14  yesrs ;   in  fact  a  large  number  of  the  commutators  originally 
fitted  are  still  running. 

APPENDIX  C. — OvERH.AUL  Periods  and  Mileages  between  Shed  Overhauls  of  Electric  Stock, 

Manchester  and  Bury  Electrification. 


Bogie  framework 

WTieels 

\Mieels  axle  bearing 

Motors  main    .  . 

Motors  bearing 

Rotary  transformer 

Pump  motor  .  . 

Pump  e.xhauster 

Main  knife  switch 

Main  circuit  breaker  (overhaul) 

Main  circuit  breaker  (examine) 

Main  contactors  (overhaul) 

IMain  contactors  (examine) 

Main  plugs  and  sockets 

Rotary  transformer  switchgear  (overhaul) 

Rotary  transformer  switchgear  (examine) 

Pump  motor  switchgear  (overhaul) 

Pump  motor  switchgear  (examine) 

Brushgear  main  motor 

Brushgear  rotarj'  transformer 

Pump  motor  . . 

Shoes  and  connections 

Brakes,  pit 

Oiling,  axles    . . 

Oiling,  armatures 

Oiling,  axle  box  slides 

Oiling  rotaries,  pump  motors,  gears 

Oiling  pump  exhauster 


At  the  Present  Time 


6  months 
6  months 
6  months 
6  months 
6  months 
6  months 
12  months 
12  months 
IMonthly 
Weekly 
Twice  a  week 
Weekly 
Twice  a  week 
Fortnightly 
Weekly 
Twice  a  week 
Weekly 
Twice  a  week 
Twice  a  week 
Twice  a  week 
Twice  a  week 
Weekly 
Twice  a  week 
Fortnightly 
Weekly 
Weekly 
Monthly 
Weekly 


Mileage 


25.000 


25,000 

25.000 

25,000 

25,000 

50,000 

50,000 

4,000 

1,000 

500 

1,000 

500 

2.000 

1. 000 

500 

1. 000 

500 

500 

500 

500 

1. 000 

500 

2.000 

1. 000 

1. 000 

4,000 

1,000 
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CONTRACT  PRICES. 
By  Captain  W.  P.  Digby,  R.E.   (T.),  Member. 

(Extracts  from  a  paper,  first  received  3  December,   1917,  and  in  final  form  22  February,   1918,  and  read  before  the  North- 
western Centre,  9  April,    1918.) 


Preliminary  Note. 

Very  much  of  the  paper  in  the  form  in  wliich  it  was 
discussed  before  the  North-Western  Centre,  at  Manches- 
ter, was  more  pertinent  to  its  then  title  of  "  Contract 
Prices  during  Demobihzation."  A  large  part  of  the 
contents,  which  were  only  of  momentary  interest,  have 
therefore  been  deleted.  Shortage  of  paper  prevented 
its  publication  during  igiS  and  1919,  and  it  has  therefore 
been  felt  that  reference  to  prices,  of  interest  at  the 
time  to  the  statistician,  has  only  a  historical  value. 
The  present  synopsis  therefore  deals  with  matters  of 
present  and  future  moment. 


The  author  urges  that  consideration  should  be  given 
to  some  of  the  factors  governing  the  contract  prices 
for  home  and  foreign  markets  for  electrical,  and  indeed 
all  general  engineering,  manufactures,  and  suggests 
the  provision  of  machinery  calculated  to  assist  in  the 
regulation  of  these. 

It  is  advisable  to  define  initially  some  of  the  related 
factors  which  can  only  be  briefly  alluded  to,  and  to 
describe   the   sense   in    which   certain   terms   are    used. 

Of  the  related  factors,  that  of  the  mechanism  by 
which  wages  rates  (for  skilled  and  unskilled  ahke)  will 
be  fixed  will  not  be  discussed.  The  author  assumes 
that  such  mechanism  will  be  existent,  and  further 
assumes  that  the  index-numbers  for  weekly  rates  of 
wages  for  specified  trades  in  the  engineering  industry 
will  be  as  readily  available  as,  say,  the  annual  costs 
per  unit  generated  in  certain  big  power  stations.  For 
a  definition  of  inde.x-numbers,  that  given  by  Mr.  R.  H. 
Hooker  in  a  paper  read  before  the  Royal  Statistical 
Society  *  is  employed. 

Mr.  Hooker  describes  the  use  of  a  system  of  index- 
numbers  in  the  following  terms  : — 

"  The  process  consists  in  accepting  the  price  of  a 
single  date,  or  of  a  series  of  years,  as  a  standard,  and 
representing  this  price  by  the  figure  100.  The  price 
at  any  other  time  (be  it  that  of  a  given  day,  or  an  average 
of  monthly  or  yearly  prices)  is  then  e.xpressed  as  a 
percentage  of  the  standard  value  ;  and  this  resultant 
percentage  is  called  the  index-number  of  the  commodity 
at  the  date  or  period  to  which  it  refers.  Similar  per- 
centages are  formed  for  various  other  articles ;  and 
the  addition  of  the  index-numbers  of  all  articles  at  a 
given  period  (usually  divided  by  the  number  of  articles 
taken,  so  as  to  express  the  result  also  as  a  percentage) 
gives  what  may  be  called  a  total  index-number.  The 
changes  from  year  to  year,  or  from  month  to  month, 

•  JouriHil  of  the  Royal  statistical  Society,  vol.  75.  p.irt  i,  pp.  1-50. 


of  the  latter  figure  then  form  a  very  useful  measure 
of  the  change  in  value  of  commodities  as  a  whole. 

"  The  above  represents  the  simplest  form  of  index- 
number,  and  it  is  quite  arguable  that,  as  a  measure 
of  the  change  of  prices,  it  is  the  most  satisfactory. 
But  as  a  measure  of  the  change  in  value  of  the  expen- 
diture of  a  household,   it  perhaps  affords  a  less  satis- 


200r 


CodliiMetdlS- 

JCextiles  raw 
materidls 

Corn,  etc. 

-Meat,Fish,& 
Dairy  produce 

Sugar,  Tea, VTme 
&  Tobacco 

Index.  nimLber    1 
for  Groups I,1I,IE) 


X  y.  %  %  r.  t. -My^  %. 


1S71     "iz      ^»      ^      "75       ^6      ^5       '58       79 
Fig.  I. — Groups  of  selected  articles — United  Kingdom. 

factory  guide  ;  inasmuch  as  it  takes  no  account  of 
the  relative  importance  of  the  commodities  which  the 
householder  purchases.  In  forming  index-numbers, 
therefore,  which  aim  more  especialh'  at  measuring 
the  effect  of  a  change  in  prices  upon  a  purchaser's 
purse,  it  is  customary  to  make  some  allowances  for 
the  fact  that  a  much  greater  quantity  of  certain  articles 
is  bought  than  of  others  ;  in  other  words,  the  indi- 
vidual index-numbers  are  weighted  before  being  added 
to  make  up  the  grand  total." 
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Two  statistical  periods  are  used  as  illustrations.  The 
fi  rst  period  calling  for  consideration  is  that  of  the  Franco- 
Prussian  War.  Like  all  modern  arts,  that  of  the 
statistician  tends  yearly  to  greater  amplification  and 
greater  detail.  In  comparison  with  the  mass  of  data 
available  to-daj-,  our  records  of  four  and  five  decades 
ago  are  scanty.  We  do  know  that  in  this  country  the 
period  from  1872  to  1875  was  marked  by  all  the  features 


Of  course  the  high  prices  of  1873  must  not  be  claimed 
as  solely  due  to  the  effects  of  the  Franco-Prussian  War. 
We  have  to  distinguish  between  fluctuations  due  to 
normal  and  abnormal  causes  ;  the  coincidence  of 
both  the  normal  and  the  abnormal  must  be  here  ac- 
knowledged. Under  the  many  contributory  causes  to 
be  grouped  as  normal  we  must  to-day  include  labour 
disputes,    effects    due    to    climatic    conditions,    to    say 


Table  i. 


Groups  of  Selected  Articles — United  Kingdom 

Indei-number 

Year 

I 

II                                               III.     Food  and  Drink 

Total  of 
Group  III 

for  all 
Articles 

enumerated  in 

Coal  and  .Metals 

TextUes,  Raw 
Materials 

A 
Com,  etc. 

B 

Meat,  Fish,  and 
Dairy  Produce 

c 

Sugar,  Tea, 
Wine,  Tobacco 

Groups  I,  II,  111 

187I 

lOO-O 

1 00-0 

100-0 

loo-o 

lOO-O 

lOO-O 

1 00-0 

1872 

154-1 

II40 

1040 

102-0 

102-0 

102-7 

II0-6 

1873 

194-8 

110-2 

109-7 

109-3 

98-1 

108-2 

II8-8 

1874 

158-8 

102-6 

IIO-8 

IIO-l 

94-9 

108-6 

113-6 

•        1875 

126-8 

IOO-6 

99-9 

II6-6 

93-9 

107-3 

107-8 

1876 

107-2 

93-6 

98-7 

1x7-2 

90-7 

106-8 

104-2 

1877 

99-9 

91-7 

107-9 

114-9 

96-9 

110-3 

105-3 

1878 

92-9 

88-5 

98-9 

112-2 

88-4 

104-2 

99-3 

1879 

86-8 

84-1     • 

97-4 

106-7 

85-2 

100-8 

94-9 

of  a  boom  period,  rising  rates  of  wages  and  cost  of 
food-stuffs,  together  with  an  artificial  inflation  of  prices. 
In  quoting  a  few  of  the  available  figures  of  this  period 
(see  Table  i),  the  author,  while  pointing  out  that  war 
was  declared  in  the  late  summer  of  1S70  and  peace 
signed  at  Versailles  in  the  spring  of  1871,  thinks  that 
for  purposes  of  illustration  the  period  from  1870  to  1879 

T.\BLE    2. 


Value  per  Ton 

of  Coal  shipped 

at  Newcastle 

Mean  Selling  Price 

Mean  Value  per 

Year 

No.  3  Cleveland 

Pig  Iron  per  Ton 

at  the  Works 

Ton  f.o.b.  of  Bar, 

Angle,  Bolt,  and 

Rod  Iron 

s. 

d. 

s. 

d. 

r 

1869 

9 

0 

43 

10 

7-52 

1870 

9 

0 

46 

11 

814 

1871 

9 

0 

17 

2 

8-37 

1872 

14 

5 

65 

4 

11-58 

1873 

20 

5 

98 

5 

1309 

1874 

16 

II 

70 

1 

11 -So 

1875 

13 

t 

53 

4 

0-87 

1876 

10 

9 

46 

7 

8-53 

1S77 

9 

9 

42 

0 

7-77 

-  187S 

8 

7 

38 

10 

714 

1879 

7 

9 

34 

II 

6-6i 

should  be  taken.  In  some  cases  a  few  statistics  anterior 
to  187 1  will  be  quoted,  but  so  far  as  the  United  Kingdom 
is  concerned,  these  will  generally  be  mean  prices,  not 
the  weighted  figures  of  the  Board  of  Trade  index- 
numbers  which  are  only  available  from  1871. 


nothing  of  the  progress  of  bulk  production  or  even 
the  speculative  cornering  of  commodities.  As  an 
instance  of  the  fluctuation  due  to  the  normal,  we  may 
instance  the  change  between  1S90  and  1896,  when  the 
index-number  for  all  commodities  fell  from  82-8  to 
69-8,  and  the  coal  and  metals  index-number  falling  from 
113-6  to  838. 

Table     3 
Price  of  Wheat. 


Year 

France 

Prussia 

s. 

d. 

s.       d. 

1869 

47 

4 

42     3 

1S70 

- 

- 

44     5 

1871 

59 

S 

51     0 

1872 

53 

II 

52     8 

1873 

59 

7 

57     6 

1874 

58 

5 

52     3 

1S75 

45 

0 

42     8 

1876 

47 

II 

45     9 

1877 

54 

7 

50     I 

1878 

49 

5 

44     0 

Taking  next  the  average  prices  for  a  few  commodities 
from  1869  to  1879,  we  have  the  record  given  in  Table  2. 

Statistics  of  foreign  countries  are  somewhat  sparse 
and  disconnected,  but  a  selection  from  those  most 
readil}'  available  may  be  cited. 
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The  official  average  prices  of  wheat  in  France  and 
Prussia  during  the  war  period  form  an  interesting 
example  of  the  time  taken  for  prices  to  readjust  them- 
selves. In  this  case  actual  official  average  figures 
are  quoted  and  not  index-numbers  (see  Table  3). 

During  this  period  there  was  no  relative  change  of 
import  duties  in  either  country — the  bad  harvest  in 
1876  was  responsible  for  the  high  price  of  1877. 

Remote  though  the  American  Continent  was  in  this 
period,  the  average  wages  rates  in  the  building,  metal, 
stone  and  cotton  trades  showed  somewhat  similar 
changes  to  those  in  France,  Germany,  and  Belgium. 
The  index-number  100  equals  the  average  money  rate 
of  wages  in  each  country  in  1900 : — 

Table  4. 
Wages  in  certain  Skilled  Trades  in  U.S.A. 


Year 

Average  Values  expressed  as 

Percentage  o£  Wages  in  1900 

1869 

97-4 

1870 

97'5 

187I 

984 

1872 

99-8 

1873 

ioo'5 

1874 

97-1 

1875 

9.5  "2 

1876 

917 

1S77 

87-1 

1878 

857 

Table   5. 
IVages  of  French  Coal-miners  and  in  Krupp's  Foi'.vdries. 


French  Coal-miners' 

Workmen  in  Krupp's 

Average  Values 

Foundries.  Average 

lear 

expressed  as 

Values  expressed  as 

Percentage  of  Wages 

Percentage  of  Wages 

m  1900 

IQ  1900 

1869 

63 

60 

1870 

66 

64 

187I 

66 

63 

1872 

73 

71 

1873 

76 

78 

1874 

79 

81 

1875 

79 

81 

1876 

70 

76 

1877 

73 

70 

187S 

7i 

67 

The  general  conclusions  to  be  drawn  from  the  typical 
figures  quoted  are  that : 

(i)  Food-stuffs,  taking  wheat  as  the  key,  did  not 
revert  to  their  pre-war  value  until  four 
years  after  the  close  of  hostilities  ; 


{2)  That  wages  in  neutral  countries  like  the  United 
States  and  Belgium  took  respectively  three 
and  seven  years  to  revert  to  their  old  money- 
value  ; 

Table   6. 

Wages  of  Belgian  Iron-workers. 


Belfjian  Iron-workers'  Wages. 

Average  Values  expressed 

as  a  percentage  of  Wages 

in  1900 

i86g 

89 

1870 

89 

1871 

92 

1S72 

91 

1873 

HI 

1874 

103 

1875 

107 

1876 

98 

1877 

91 

1878 

91 

(3)  That  taking  the  two  cases  given  of  belhgerent 

countries,  the  wages  in  the  defeated  country 
remained  until  1876  below  those  in  the- 
victorious  country,  in  neither  case  reverting- 
to  their  old  value  in  seven  years  ; 

(4)  That   in   the   four   typical   cases   given,    wages 

rose  in  both  belligerent  and  neutral  countries 
after  the  close  of  hostilities,  due  in  part  tO' 
high  food  prices,  and  in  part  to  the  syn- 
chronizing of  a  period  of  good  trade  with 
the  demands  to  make  good  much  of  the 
material  destroyed  in  the  war  or  diverted 
to  other  uses. 


Fig.  2. — Typical  wages  and  rates  in  foreign  countries, 
1869-1878. 

The  second  of  the  three  periods  from  1890  to  1909 — 
the  period  analysed  by  Mr.  Hooker  in  his  paper — is; 
only  cited  as  instancing  the  fact  that  under  pre-war 
conditions  the  prices  of  certain  of  the  most  widely  usedl 
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•of  the  raw  materials  of  the  engineering  industry  were 
subject  to  much  greater  variations  in  price  than  were 
the  prices  of  food-stuffs.  This  is  really  a  surprising 
tribute  to  the  adequacy  and  ef&cie'ncy  of  the  supply 
and  transport  systems  of  the  world,  no  less  than  to 
the  successful   efforts  which   were  opening  up  sources 


i-io 


Fig.  3  compares  the  variations  in  the  index-numbers 
of  food  on  the  basis  of  the  prices  prevailing  between 
1890  and  1899  in  the  United  Kingdom  (Board  of  Trade 
figures),  United  States  (Bureau  of  Labour  figures), 
and  Germany  (Mr.  Hooker's  computation). 

Fig.  4   treats  similarly  the  variations  in   the   index- 
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Fig.  3.— Food  index- numberi. 
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Fig.  4. — Material  index-numbers. 


06 


'08 


1910 


of  food-stuffs  at  a  rate  almost  commensurate  with  the 
growth  of  population  in  the  food-importing  as  dis- 
tinguished from  that  in  the  food-exporting  groups  of 
communities. 

Figs.  3  to  6  reproduce  the  figures  given  in  Mr.  Hooker's 
paper,  upon  which  contribution  has  already  been  levied. 


numbers  of  general  materials  other  than  food.  From 
the  first  of  these,  one  notes  that  while  during  the  late 
years  food  prices  in  the  United  Kingdom  rose  per- 
ceptibly, they  did  not  exceed  the  high  prices  of  1891. 
when  the  index-number  touched  112  as  the  result 
mainly  of  high  prices  for  cereals.     The  rate  of  increase 
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in  food  prices  in  the  United  States  and  in  Germany 
was  considerably  higher  than  in  this  country.  As 
regards  general  materials,  these  moved  in  very  much 
closer  sympathy  in  all  three  countries.  Forces  raising 
prices  of  food-stuffs  in  America  and  Germany  were 
largely  due  in  the  one  case  to  a  country  ceasing  to  be 
food  exporting,  and  in  the  other  case  to  a  country 
becoming  to  an  increasing  degree  a  food-importing 
country. 

Figs.  5  and  6  set  out  the  fluctuations  in  regard  to 
the  United  Kingdom  alone  for  the  four  common  engi- 
neering materials  of  coal  (Wallsend,  delivered  London, 
not  perhaps  a  very  good  criterion),  Cleveland  pig  iron, 
tin  and  copper.  In  the  course  of  20  years  we  thus 
had  pig  iron  varying  between  the  relative  value  of 
84  in  1S93  and  134  in  1907,  copper  between  80  in  1894 
and  165-6  in  1900,  and  tin  between  74  in  1S96  and  223 
in  1906.  These,  it  must  be  remembered,  too,  are  mean 
relative  prices  for  the  year,  not  the  extreme  fluctuations 
due  to  a  temporary  depletion  of  stocks. 

^^'hile  the  prices  of  commodities  fluctuate  in  this 
serious  but  inevitable  manner.^their  inter-relation  and 
effect  on  industry  can  never  be  a  constant  one.  High 
fuel  prices  are  an  incentive  to  fuel-saving  ;    high  prices 


150 


1B90    '92 


1310 


Fig.  5. — Index-numbers  for  the  prices  of  coal  and  iron  in 
the  United  Kingdom,  1890-1910. 

for  metals  both  serve  to  replace  a  lavish  and  rule-of- 
thumb  use  of  the  metal  by  a  scientific  one,  and  also, 
other  conditions  being  normal,  occasion  a  glut  through 
over-production  accompanied  by  the  opening  of  new 
mines.  Low  metal  prices  permit  the  use  of  metal 
for  fresh  purposes,  while  closing  down  unproductive 
mines  as  a  sequence  to  cheaper  production  at  the  large 
mines. 

The  engineering  manufacturer,  moreover,  always  has 
his  own  works  in  a  continuous  condition  of  evolution. 
Machme  tools  are  speeded  up,  the  time  required  for 
machining  operations  is  reduced,  repetition  work  is  the 
rule  where  possible.  N\Tien  raw  materials  rise  in  price 
this  can  only  be  off-set  by  a  cheapening  of  the  labour 
cost  of  the  finished  article,  to  which  end  constant  effort 
is  devoted.  At  the  same  time  the  rise  in  rents,  altered 
standards  of  domestic  comfort  and  rises  in  food  prices 
have  all  tended  to  complicate  the  industrial  problem. 

The  token  of  exchange  has  received  a  fictitious  im- 
portance ;  for  it  has  no  constant  value,  and  cannot  be 
given  such  while  harvests  vary,  populations  increase, 
and  mineral  wealth  is  continuously  being  lost  through 
wear  and  tear  or  corrosion.  That  is  to  say,  it  could 
only  conceivably  have  a  constant  value  when  pro- 
duction and  consumption  reach  and  maintain  an 
absolute  equilibrium. 


By  the  use  of  index-numbers  we  can  compare  nominal 
currency  values  in  different  years  in  terms  of  their 
relative  food-  or  commodity-purchasing  value,  and 
index-numbers  must  become  a  feature  of  all  studies  in 
engineering  economics. 

But  there  is  also  room  in  engineering  for  the  appli- 
cation of  index-numbers  to  the  true  interpretation 
and  analysis  of  activity  in  a  number  of  directions. 
Thus,  say  for  steam  boilers,  if  the  unit  of  comparison 
were  the  selling  price  per  1,000  pounds  of  rated  evapora- 
tion from  and  at  212°  F.,  strictly  comparable  figures 
could  be  produced  from  the  index-number  of  the  selling 
price  in  any  year  as  contrasted  with  the  respective 
index-numbers  of  the  materials  and  labour  required. 
The  wages  boards  in  the  colliery  districts  were,  even 
before  the  war,  urged  by  the  colliers'  representa- 
tives to  take  into  account  changes  in  the  food-pur- 
chasing value  of  the  pound  sterling.  If  similar  boards- 
should  ever  be  established  in  other  industries,  those 
responsible  for  the  presentation  of  the  employer's  case 
should  be  ready  with  figures  of  the  burdens  laid  upon 
them  by  the  extraneous  causes  of  rises  in  prices  of  raw 
materials,  together  with  figures  of  the  prices  at  which 
competing  products  from  other  countries  are  being  sold. 
We  must  remember  that  the  increased  output  of  new 
machine  tools  has  on  the  one  hand  increased  the  out- 
put of  each  artisan,  but  has  increased  works  standing- 
charges.  Parallel  with  this,  selling-prices  for  some 
classes  of  machinery  had  before  the  war  fallen  to  a. 
very  low  point.  It  is  therefore  advisable  that  our 
commercial  analyses  should  be  as  full  as  possible,  and 
full  emphasis  be  laid  on  the  fact  that  while  increased. 
food  prices  do  not  inflict  the  direct  hardship  upon 
the  manufacturers  that  they  do  upon  the  skilled  artisan 
or  unskilled  worker,  increased  prices  for  materials  make 
his  position  very  difficult  and  may  either  render  it 
easy  to  pay  all  that  labour  considers  or  may  consider 
its  due,  after  the  war,  nor  easy  to  meet  the  competition 
of  other  countries  also  bartering  manufactured  goods 
for  food.  It  is  quite  true  that,  before  the  war,  profits 
were  earned  in  times  of  activity  because  the  percentage 
incidence  of  establishment  charges,  together  with  the 
increased  selling  price,  then  offset  the  increased  price 
of  materials. 

We  cannot  come  to  any  equitable  settlement  of 
economic  problems  so  long  as  the  community  regards 
any  unit  of  currency  as  a  fetish  of  a  stable  potency, 
instead  of  in  its  correct  position  as  the  resultant  of  a 
large  number  of  complex  forces.  A  scientific  unit  of 
currency  based  on  things  definite  like  a  physicist's- 
absolute  system  of  units  of  measurement  is  an  im- 
possibility. Old  civilizations  came  near  to  one  when 
they  fixed  the  indemnity  or  tribute  of  a  conquered 
province  at  so  many  head  of  cattle  or  at  a  definite 
weight  of  corn.  Gold,  or  rather  the  paper  credit 
representing  it  which  our  modern  civilization  has 
evolved,  is  a  more  fluid  medium  of  exchange.  We 
must  recognize  its  essential  instability,  both  in  other 
countries  and  in  our  own,  if  we  are  to  gauge  correctly 
the  trends  of  industrial  development  and  to  prepare 
to  meet  the  immediate  future  with  any  confidence. 

[Various  tables  and  diagrams  relating  to  the  prices  of 
electric  motors,  switchgear,  electric  cables,  copper,  lead 
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and  Para  rubber,  retail  food  prices,  prices  of  textiles, 
minerals  and  cereals  from  31st  July,  1914,  to  31st 
October,  191 7,  have  been  deleted,  a;;  also  the  wages  of 
labourers  and  turners  for  the  same  period  in  four  large 
cities.  It  was  urged  that,  without  any  undue  straining 
of  analogy,  we  were  in  19 18  entitled  to  de"duce  from 
the  figures  then  available  of  the  conditions  subsequent 
to  the  much  smaller  war  of  1870-71,  that  there  could 
be  no  immediate  marked  fall  in  either  food  or  material 
prices.  Indeed,  as  the  effects  of  the  war  commenced 
in  1914  were  vastly  greater,  we  should  certainly  have 
to  reckon  on  a  new  standard  of  value  for  the  £  sterling, 
and  also  reckon  that  all  conditions  of  trading  would 
be  verv  difficult  during  the  period  subsequent  to  the 
war.  The  assumption  in  the  paper  that  manufacturing 
would  be  controlled  in  a  degree  progressively  relaxing 
in  its  intensity  as  means  of  transport  and  supplies  of 
material  permitted  greater  freedom  of  trade  was  ill 
founded.  It  was  suggested  that  through  wild  speculation 
there  might  easily  be  much  greater  fluctuation  in 
prices  of  materials  in  any  six  months  than  we  had  known 
in  any  previous  six  years.] 

For  years  prior  to  the  war  we  have  been  accustomed 
to  receive  tenders  from  our  leading  cable  manufacturers 
based  on  a  sliding  scale,  say,  for  paper-insulated  lead- 
sheathed  wire-armoured  cables,  dependent  on  the  market 
price  of  lead  and  copper  at  the  date  of  acceptance  of  the 
contract,  the  manufacturer  gambling  on  the  chance 
of  any  loss  through  increased  costs  in  the  other  com- 
ponent materials,  or  increased  wages  rates,  or  the 
increase  of  his  establishment  costs  by  such  unpleasant 
phenomena  as  a  rise  in  the  cost  of  fuel  or  in  the  local 
rates.  On  the  other  hand,  there  may  have  been  some 
faint  hope  that  some  sa\ing  in  the  cost  of  manufacture 
would  tend  to  counterbalance  any  rise  due  to  other 
causes. 

The  author  desires  to  urge  the  extension  of  the  system 
of  sliding-scale  contract  prices  throughout  the  engi- 
neering industry,  and  that  a  tender,  say,  for  an  alter- 
nating-current generator  would  state  that  the  tender  is 
based  on  a  price  of 

\£  per  ton  for  copper 

r£  per  ton  for  core  plates  (unmachined) 

s£  per  ton  for  pig  iron 

!/  per  ton  for  shaft  forgings 

V  shillings  per  hour  for  machinists  .         ■       ^x, 

,.,,.  ,  .         ■   J  I      mg    m    the 

w  shillmgs  per  hour  for  wmders  i      .       j    . 

c  shillings  per  hour  for  unskilled  labour        j-  .  •  .^ 

and  that;  the  tender  price  will  be  varied  by  a  defined 
percentage  for  each  defined  rate  of  fluctuation  under 
each  of  the  above  headings  as  and  at  the  date  of  the 
acceptance  of  the  tender. 

The  instance  of  the  alternating-current  generator 
might  be  multiphed  almost  indefinitely.  ^lutual  conve- 
nience has  estabUshed  the  shding-scale  basis  of  tendering 
for  cables.  Mutual  convenience  can  be  secured  by 
the  extension  of  the  same  principles  (allowing  also  for 
wages  rates)  to  prime  movers  of  all  sorts,  to  steam 
boilers,  to  steel  or  cast-iron  pipes,  to  transformers,  to 
switchgear,    to    electric    conduits,    tramway    rails,    to 


motors,  or  to  almost  every  article  that  concerns  the 
industry. 

The  perfecting  of  the  suggested  statistical  basis 
must  be  in  the  hands  of  a  competent  and  more  or  less 
impartial  body  One  means  would  be  for  the  Board 
of  Trade  or  Ministry  of  Commerce  to  issue  an  annual 
statistical  summary  with  monthly  correction  sheets. 
Another  means,  and  one  which  will  probably  commend 
itself  most  to  this  Institution,  is  that  the  perfecting 
and  application  of  the  sliding-scale  basis  should  rest 
with  a  statistical  committee  appointed  by  the  Council 
of  the  Institution.  It  must  be  rememberfd  that  there 
are  many  interests  to  be  served,  and  that  these  are 
perhaps  best  secured  when  men  with  different  interests 
meet  round  a  table.  The  questions  at  issue  concern 
manufacturer  and  purchaser  alike,  and  it  is  only  in 
this  Institution  that  we  meet  and  can  sink  our  sectional 
interests,  whether  as  manufacturers  or  as  consultants, 
in  the  common  weal. 

The  amount  to  be  allowed  for  each  unit  of  the  defined 
rate  of  variation  hes  with  the  firm  tendering.  Their 
own  establishment  charges  and  also  estimates  of  profit 
are  their  own  concern.     Also,  too,  difference  in  design 
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Fig.  6. — Index-numbers  for  the  prices  of  copper  and  tin  in 
the  United  Kingdom,  iSgo-1910. 


may  var\'  the  respective  quantities,  say,  of  iron  and 
copper  for  either  a  motor  or  transformer  of  any  definite 
output.  The  application  of  the  materials  is  primarily 
the  concern  of  the  manufacturer,  and  whether  he  uses 
x  or  y  lb.  of  copper  in  a  generator  this  will,  from  the 
point  of  view  of  the  sliding-scale  price,  be  only  repre- 
sented by  i/m  or  i/n  per  cent  of  the  tender  price 
for  each  i  per  cent  variation  from  the  standard  basis. 

The  central  committee  on  electrical  statistics  will 
be  concerned  with  the  base  prices  for  materials  and 
wages,  expressed  in  terms  of  the  agreed  index-numbers 
as  and  at  any  convenient  period.  Two  periods  suggest 
themselves — the  first  is  the  average  price  for  the 
eight  months  ended  31st  July,  1914,  or  alternatively 
the  twelve  months  ended  31st  December,  1917.  Or, 
again,  the  Committee  is  not  bound  to  base  its  index- 
numbers  of  prices  of  component  materials  on  the 
average  price  at  any  period  but  may  select  an  arbitrary 
price.  The  statistical  committee  having  first  decided 
what  sums  shall  be  taken  as  representing  100  in  each 
case,  will,  at  stated  frequent  intervals,  pubUsh  its 
records  of  prices  and  wages  changes  with  reference 
to  the  index-numbers,  circulating  these  in  confidence 
to    manufacturers,    purchasers,    and    consultants.     Re- 
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cipients  could  fairly  be  expected  to  pay  the  cost  of 
collection  and  dissemination  of  these  statistics,  and 
also  for  copies  of  the  model  standard  clauses  defining 
the  application  of  the  sliding  scale  to  all  contracts. 

Of  course  the  statistical  comrnittee  is  not  bound  to 
stop  here — it  might  with  advantage  summarize  the 
Board  of  Trade  statistics  as  to  food  prices,  or  secure 
returns  as  to  ocean  freight-rates  on  engineering  articles 
from  this,  and  from  competing  countries  to  the  chief 
markets  ;  it  might  also  secure  the  enumeration  of 
exports  and  imports  of  engineering  com.modities  in 
greater  detail  through  all  the  several  parts  of  the 
Empire.  Or,  again,  the  statistical  committee  might 
also  have  some  direct  representatives  of  the  trade 
unions  with  wliich  we  are  in  contact.  But  this  is 
purely  speculative,  and  is  perhaps  not  pertinent  to  the 
subject  immediately  under  discussion. 

A  certain  Chancellor  of  the  Exchequer  once  observed, 
perhaps  in  jest,  that  "  we  are  all  Socialists  now." 
Since  then  we  have  progressed  farther  along  the  lines 
of  State  control  than  any  Fabian  of  that  day  dare 
have  expected  within  a  century.  Whether  or  not 
we  are  to  progress  farther  along  the  road  to  the  still 
greater  loss  of  our  individualism  is  uncertain,   but  it 


■  is  certain  that  to  a  greater  or  less  extent  we  must  all 
become  statisticians — this,  even  in  a  branch  of  the 
engineering  industry  which  has  been  more  statistically 
inclined  than  any  other.  Units  of  currency,  whether 
they  bear  the  signature  of  Sir  John  Bradbury,  or  are 
the  now  unfamiliar  gold  piece,  are  only  tokens.  They 
have  been  made  too  much  a  fetish.  We  have  to  learn 
to  think  of  their  equivalent  purchasing  power. 

When  all  is  said  and  done,  a  very  complex  civilization 
depends  for  its  existence  upon  the  barter  of  manufac- 
tured goods  or  services  for  food-stuffs.  Even  under 
the  conditions  existing  before  the  war,  currency  tokens 
of  exchange  varied  in  their  real  value  with  variations 
in  rainfall  in  India  and  Australia,  or  the  activity  of 
certain  insect  pests  in  the  Argentine,  or  other  insect 
pests  in  the  cotton-growing  states  of  the  United  States, 
as  well  as  with  the  progress  of  human  invention  and 
industrial  development  facilitating  bulk  production. 

It  must  be  remembered  that  a  highly  complex 
civilization  which  has  arisen  through  systems  of  intensive 
development,  while  in  some  respects  finding  its  safety 
in  diversity,  may  yet  in  other  respects  be  the  more  liable 
to  accelerated  rates  of  disintegration,  dissolution  and 
decay. 


Discussion  before  the  North-Western  Centre,  at  Manchester,  9  April,  1918. 


Mr.  F.  Walker  :  I  think  all  of  us  will  agree  that 
the  subject  of  costs  and  selhng  prices  and  their  adjust- 
ment in  accordance  with  the  fluctuating  conditions  of 
the  day  is  of  vital  importance  at  the  present  time.  I 
fear,  however,  that  while  the  statistics  given  in  the  first 
and  second  sections  of  the  paper  are  of  undoubted 
interest,  they  cannot  be  of  material  service  in  considering 
the  essential  parts  of  the  problem.  I  take  the  real 
essence  of  the  paper  to  be  the  problem  of  adjusting 
costs  and  selling  prices  to  correspond  with  changing 
conditions  as  to  costs  of  labour  and  materials,  and 
altered  standards  of  money  value,  etc.  This  problem 
clearly  is  vital  to  all,  whether  in  our  business  capacities 
as  manufacturers  of  apparatus  and  suppliers  of  electrical 
energy  or  as  purchasers  and  users  thereof,  or  privately 
as  individuals  from  the  greatly  reduced  purchasing 
power  of  our  incomes.  I  will  refer  to  four  phases  of 
the  problem,  viz.  (i)  Adjustment  of  basis  selling 
prices  concurrently  with  changing  costs  ;  (2)  altera- 
tions in  cost  that  occur  during  execution  of  contracts  ; 
{3)  after-the-war  completion  of  contracts  now  deferred  ; 
(4)  machinery  for  regulating  contract  prices.  Dealing 
with  the  problem  of  adjusting  selling  prices  concurrently 
with  alterations  in  costs,  so  that  discounts  may  be 
varied  and  current  prices  quoted  in  tenders  without 
the  delay  of  waiting  for  actual  cost  results,  it  will  be 
found  helpful  to  consider  material  costs  and  labour  costs 
■separately.  No  special  comments  regarding  material 
costs  seem  to  be  called  for  under  the  present  system  of 
Government-controlled  and  stable  prices,  but  as  to  labour 
the  position  is  different.  It  will  be  convenient  first  to 
consider  the  influence  of  labour  increases  upon  a  case 
made  up  wholly  of  labour  and  affected  by  increases  to 
the  full  100  per  cent  ;    after  which,  for  cases  where  the 


proportion  of  cost  that  is  affected  by  labour  advances 
is  less  than  100  per  cent,  the  required  adjustments  can 
be  reduced  in  proportion.  As  a  measure  of  the  cost 
of  labour,  and  in  order  to  avoid  difficulties  that  arise 
from  different  rates  paid  to  different  grades  of  employees 
on  account  of  different  systems  of  payment,  e.g.  day- 
work  and  piece-work,  and  from  further  complications 
such  as  overtime  and  night  workers'  allowances,  it  will 
be  found  convenient  to  take  as  a  basis  the  average 
earnings  of  labour  per  hour  obtained  by  dividing  the 
total  earnings  of  productive  labour  by  the  total  number 
of  hours  worked  ;  then,  by  multiplying  this  hourly 
average  by  the  standard  number  of  hours  worked,  a 
fair  average  weekly  wage  is  obtained,  either  department- 
ally,  of  for  the  entire  works  as  may  be  required.  Assum- 
ing an  average  wage  of  20  shillings,  it  will  be  evident 
that  an  increase  of  i  shilling  would  mean  an  additional 
cost  of  5  per  cent,  and  upon  weekly  earnings  of  50 
shillings  and  100  shillings  the  increased  costs  would  be 
2  per  cent  and  i  per  cent  ^respectively.  Supposing 
only  50  per  cent  of  the  total  cost  to  be  influenced  by 
labour  advances,  the  additional  percentage  costs  would 
be  half  the  above  amounts,  viz.  2^,  i,  and  J  per  cent 
respectively.  It  follows  that  these  percentages  can 
be  plotted  in  curve  form,  and  this  has  been  done  in 
Fig.  A,  from  which  the  percentage  increase  in  basis 
cost  for  each  one-shilling  advance  in  the  cost  of 
labour  can  be  read  directly.  In  considering  the 
cost  of  labour  it  is  necessary  to  take  into  account  not 
only  the  actual  rate  of  pay  but  also  the  quantity  of 
work  produced,  as  double  pay  for  half  output  obviously 
means  quadrupled  cost,  a  point  of  special  importance  in 
connection  with  comparisons  of  costs  incurred  during 
pre-war  periods  and  under  present  conditions,  which  in- 
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volve  such  a  large  element  of  woman  and  dilutee  labour. 
Having  settled  the  influence  of  any  labour  increase  on 
ICO  per  cent  labour,  it  is  necessary  to  determine  for 
each  particular  job  or  class  of  apparatus  the  percentage 
of  total  price  that  is  affected  as  labour,  and  this  matter 
is  somewhat  complicated.  Care  must  be  exercised  to 
include  not  only  productive  labour  booked  to  the  job, 
but  also  labour  included  in  material,  in  drafting,  in 
erection  and  in  "  oncost."  Considerable  misunder- 
standing about  the  "  oncost  "  item  appears  to  exist, 
so  this  item  may  advisedly  be  gone  into  a  little.  It  may 
be  pointed  out  that  the  "  oncost  "  consists  mainly  of 
labour  and  includes  work  done  by  foremen,  rate  fixers, 
feed-  and  speed-men,  shop  and  foundry  labourers, 
shop  cleaners,  cranemen,  power-house  and  maintenance 
men,  watchmen  and  shop  transport  men,  cost  and 
estimating  clerks,  timekeepers,  etc.,  practically  all  of 
whose  earnings  are  affected  directly  by  awards.  What 
may  be  termed  "  standing  charges  "  properly,  such  as 
rent,  rates  and  insurance,  constitute  actually  only  a 
very  small  proportion  of  "  oncost."  In  my  judgment 
the  general  experience  throughout  the  country  will  be 
found  to  be  that  "  oncost  "  expenses  have  increased 
equally  with,  if  not  more  rapidly  than,  productive  labour 
so  that,  for  this  expenditure  to  be  recovered,  the  full 
"  oncost  "  should  be  included  with  productive  labour  in 
computing  the  total  proportion  of  cost  that  is  affected 
by  labour  advances.  It  will  be  convenient  next  to  con- 
sider together  the  second  and  third  points  referred  to  pre- 
viously, namely,  the  influence  of  increases  in  cost  that 
occur  during  the  execution  of  contracts,  and  the  position 
regarding  contracts  the  completion  of  which  is  either 
wholly  or  partly  deferred  till  after  the  war,  because 
priority  has  been  given  by  Government  action  to  other 
work  of  greater  national  importance.  In  general  the 
great  increases  that  have  occurred  in  costs  are  well 
known,  but  there  are  one  or  two  points  that  seem  to 
merit  special  mention.  The  following  table  shows 
three  sets  of  increases  in  labour  rates  due  to  Government 
awards  : — 


is  termed  material  by  manufacturers  consists  of  wholly 
or  semi-finished   parts,  which  may  be  bought  outside. 
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or  even  made  on  "  side  orders  "  in  the  manufacturer's 
own  works,   and  put  into  stores  to  be  drawn  out  as 


Skilled  day  workers 
Comparative    .  . 

Unskilled  day  workers 
Comparative  . . 

Women  day  workers 
Comparative  .  . 


August,  1914 

January,  1917 

39s. 
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Total  Increase 
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/O 
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% 
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4d. 

•2  % 

In  this  table  two  points  should  be  noted,  first  that 
the  increase  during  1917  is  more  than  double  the  total 
increase  during  the  previous  period,  and  second,  the 
corrected  figures  in  the  last  column  showing  comparative 
■costs,  assuming  the  output  per  man-hour  reduced  to 
<jo  par  cent  of  its  pre-war  value.  In  speaking  of 
material  costs  it  must  be  realized  that  much  of  what 

Vol.  58. 


required.  The  cost  of  such  parts  must  necessarily 
reflect  increase  or  decrease  in  the  cost  of  labour,  and, 
as  examples  that  have  been  the  subject  of  rapid  increase 
in  cost,  reference  may  be  made  to  steel  castings  and  to 
forgings  such  as  turbine  discs  and  machine  shafts. 
Similar  rapid  increases  have  occurred  in  what  from  the 
manufacturer's  point  of  view  are  raw  materials,   such 
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as  pig  iron,  mild  steel,  iron  and  steel  sections,  sheet 
metals,  copper,  spelter,  lead,  etc.,  though,  for  some 
time  past,  stability  in  the  prices  of  the  metals  mentioned 
has  been  effected  and  maintained  by  Government  control. 
Nevertheless,  extra  expenditure-  has  frequently  been 
incurred  in  the  purchase  of  different  grades  of  material 
in  cases  where  supplies  of  the  regularly  used  qualities 
have  not  been  obtainable.  From  these  increases  in 
cost  of  material  and  labour,  the  position  has  resulted 
that  actual  manufacturing  costs  during  the  war  have 
greatly  exceeded  the  estimated  amount  on  which  the 
contract  prices  were  based,  so  that  losses  have  occurred 
on  work  already  completed  or  still  in  progress.  Similarly, 
home  and  export  contracts  made  before  and  during 
the  war  totalling  millions  of  pounds,  on  which  some 
work  or  no  work  has  been  done,  but  which  have  been 
suspended  either  by  direct  Government  order,  or 
indirectly  in  favour  of  work  of  higher  priority,  or  other- 
wise, can  only  be  completed  at  costs  frequently  exceeding 
the  estimated  costs  bv  as  much  as  loo  per  cent.  The 
question  of  responsibility  for  this  great  excess  cost  is 
of  great  importance.  Obviously,  to  avoid  the  risk  of 
bankruptcy,  the  price  paid  to  the  manufacturer  must  be 
increased  by  the  full  value  of  the  increase  in  cost  of 
labour,  material,  and  overhead  charges,  with,  perhaps, 
a  reasonable  profit  upon  the  increases.  It  may  be 
suggested  that  the  excess  should  be  borne  legitimatelj' 
by  the  purchaser  in  all  cases  where  such  additional 
cost  can  be  met  by  increased  charges  to  the  ultimate 
consumer  for  whose  service  the  plant  or  apparatus  is  in- 
tended, e.g.  the  increased  cost  of  a  generating  plant  could 
be  met  by  an  increased  charge  for  supply  of  electrical 
energy.  It  may  be  pointed  out,  in  the  case  of  purchasers 
whose  profits  are  sufficiently  large  as  to  come  under  the 
scheme  of  excess  profits  taxation,  that  a  large  proportion 
of  the  additional  payment  (80  per  cent  on  the  present 
basis)  would  otherwise  be  paid  to  the  Government.  But 
it  is  conceivable  that  cases  may  arise  where  such  passing 
on  may  be  impracticable,  and  where  payment  of  the 
excess  costs  would  be  just  as  unfair  a  burden  on  the 
purchaser  as  on  the  manufacturer,  and  for  relief  under 
such  circumstances  the  Government  might  be  asked 
not  unreasonably  to  set  up  a  special  fund,  say,  out  of 
the  returns  from  the  taxation  of  excess  profits.  In 
this  connection  special  consideration  would  be  necessary 
as  to  contracts  for  export,  and  perhaps  particularly  so 
where  purchasers  belong  to  allied  or  neutral  countries. 
Turning  to  the  question  of  machinery  for  regulating 
contract  prices,  the  author  refers  to  the  sliding  scale 
principle  which  within  certain  limits  has  long  been  in 
successful  use.  Examples  that  may  be  cited  are  the 
purchase  of  coal  according  to  its  calorific  value,  the 
variation  of  charges  for  electrical  energy  according  to 
the  price  paid  for  coal,  and  the  sale  of  large  electrical 
machines  and  surface  condensers  subject  to  variations 
in  the  current  prices  of  copper  and  of  condenser  tubes 
and  plates.  The  extended  application  of  this  principle 
should  be  quite  practicable  in  cases  where  the  quantity 
of  any  one  material  included  in  the  product  is  sufficient 
to  warrant  its  use,  but  this  condition,  speaking  generally 
of  electrical  and  allied  apparatus,  would  appear  to  be 
rather  the  exception  than  the  rule.  During  the  last 
few  months  a  method  of  price  adjustment  for  labour 


awards  that  has  been  generally  adopted  in  contracts 
is  what  is  known  as  the  Variable  Price  Clause,  the 
essence  of  which  is  that  "  For  each  one  shilling  per  week 
b}'  which  the  rate  of  labour  is  increased  by  authorization 
of  the  Government  the  contract  price  shall  be  increased 
by  an  amount  corresponding  to  i  J  per  cent  of  the  contract 
value,  or  pro  rata.  Such  increase  in  the  contract  price 
is  to  be  in  the  same  proportion  as  the  unexpired  period 
of  the  contract  is  to  the  total  contract  period."  It  is 
desirable  to  point  out  that,  while  an  increase  in  price  of 
I J  per  cent  for  each  shilling  will  be  found  very  nearly 
correct  on  the  basis  of  present-day  labour  costs,  a. 
considerably  greater  percentage  would  be  necessary 
for  use  in  connection  with  pre-war  costs.  In  working 
out  the  percentage  per  shilling  for  use  with  any  basis  wage 
to  return  excess  costs  for  labour  occurring  during  the 
execution  of  contracts,  it  is  necessary  to  realize  that 
after  acceptance  of  an  order  and  before  commencing 
productive  manufacture  a  certain  period  is  necessarily 
occupied  in  setting  up  and  working  out  details,  preparing 
drawings,  extracting  quantities,  ordering  up  and  waiting 
for  delivery  of  materials,  etc.,  and  in  making  any  patterns, 
jigs,  templates, tools  and  discs,  etc.,  that  may  be  necessary. 
This  means  that  the  labour  costs  in  manufacturing  are 
incurred  mainly  during  the  latter  part  of  the  contract 
period,  and  allowance  for  this  is  necessary  in  setting  up 
the  percentage  per  shilling,  e.g.  for  a  time-lag  of  25  per 
cent  of  the  contract  period  the  correction  would  be  to 
multiply  the  apparent  percentage  by  |-. 

Mr.  A.  J.  Stubbs  :  In  regard  to  the  terms  under 
which  tender  prices  may  be  adjusted  it  is  important 
that  provision  be  made  for  adjustment  as  from  the 
date  of  the  tender,  and  not  from  the  date  of  the  contract. 
In  some  Government  work  the  date  of  the  contract 
may  necessarily  be  long  after  the  date  of  the  tender 
(it  may  be  a  month  or  two  months  or  even  more),  and 
as  it  might  be  necessary  to  insist  upon  strict  interpreta- 
tion of  the  term  used;  variations  which  occurred  between 
the  dates  of  the  tendering  for  and  of  the  placing  of  the 
contract  would  in  such  case  be  precluded  from  allowance. 

Mr.  S.  L.  Pearce  :  I  think  we  can  agree,  whether 
we  are  buyers  or  sellers,  that  an  extension  of  the  sliding 
scale  would  have  its  advantages,  bearing  in  mind,  of 
course,  that  a  sliding  scale  might  be  up  or  down.  I 
rather  share  Mr.  Walker's  view  that  an  extension  of 
the  sliding  scale  would  have  its  limitations.  There  are 
certain  obvious  raw  materials  which  could  be  subjected  to 
a  sliding  scale,  but  one  cannot  push  the  idea  to  extremes. 
It  might  be  applied  to  standard  articles,  but  there 
must  be  quite  a  number  of  other  cases  where  it  would 
be  difficult  to  base  a  contract  upon  a  sliding  scale 
for  materials.  If  contracts  were  formulated  on  that 
basis  there  could  not  be  any  very  great  divergence 
in  the  prices  that  would  be  submitted  by  different  firms. 
That  is  alluded  to  by  the  author  on  page  875  where  he 
instances  that  firms  would  be  entitled  to  get  credit  for 
a  difference  in  design,  but  when  all  is  said  and  done 
prices  would  approximate  very  closely  one  to  another. 
It  therefore  seems  to  me  the  tendency  will  be  practically 
to  drive  all  manufacturers  of  a  certain  class  of  electrical 
goods  into  an  association  such  as  exists  to-day  in  con- 
nection with  certain  manufactures.  It  seems  to  me 
that  would  be  an  inevitable  tendency  for  the  time,  if 
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a  sliding  scale  were  adopted,  until  we  can  return  to  what 
the  author  terms  the  regime  of  an  "  unfettered  individu- 
alism. ' '  I  agree  with  what  was  said  by  a  previous  speaker, 
that  a  system  of  contracts  on  a  sliding  scale  would  have 
to  be  made  compulsory.  It  would  have  to  apply  to 
all  or  else  the  aim  of  the  author  would  not  be  secured. 

Alderman  'W.  Walker  :    Mr.    Stubbs    raised    the 
question  of  the  time-lag  between  the  receipt  and  the 
acceptance  of  a  tender  and  the  effect  of  an  increase  in 
prices  in  the  intervening  period.     I  have  noticed  that 
many  tenders,  during  the  last  12  months  at  any  rate, 
contain  a  clause  giving  a  very  short  period  for  acceptance. 
By  this  means  the  manufacturer  can  compel  the  purchaser 
to  decide  within  a  reasonable  period  instead  of  running 
into   months   as   Mr.    Stubbs   suggests   has   been   done. 
Another  point  raised  was  as  to  the  purchaser  preferring 
a  firm  price  to  an  indefinite  sliding  scale.     That  would 
entirely    depend    upon    whether    all    the    components 
affecting   the   price   were   brought   into   the   scale ;     if 
so  there  would  not  be  room  for  excessive  variations, 
but  otherwise  the  purchaser  would  fear  that  the  ultimate 
cost  would  be  very  much  in  excess  of  the  basic  price 
of  the  tender.     On  page  875  the  author  says,  "  Rates 
.prevailing  in  the  tenderer's  district."      That,  it  seems 
to    me,    would    penalize    certain    districts.     Take    the 
areas    round    the    city    of    Manchester — manufacturing 
areas.     Wages  are  always  high  in  those  districts,  much 
higher  than  in  some  other  districts  where  similar  plant 
is    being   produced,    and    therefore    the   factors   which 
counterbalance  the  foregoing    ad\'antages  would    have 
to    be    brought   into    the    scale    to    maintain    equality 
of  conditions.     Mr.  Walker  raised  the  question  of  over- 
head   charges.     My   own   experience   is   that   the   non- 
productive   labour    ought    to    be    made    a    percentage 
charge  on  the  total  output.     I  do  not  know  whether 
Mr.  Walker  has  found  that  inapplicable  to  the  particular 
type  of  contract  he  had  in  mind,  but  it  has  met  most 
of  the  cases  I  have  had  to  do  with  in  various  business 
experiences.     I    agree   there   is   a   tendency  sometimes 
to  overlook  them,  and  j'et  they  have  a  very  relative 
importance  to  the  actual  cost  of  production.     I  think 
with  Mr.  Pearce  that  the  inevitable  result  of  the  adoption 
of    the   sliding   scale  system    will   be  to  bring  together 
the  manufacturers.     In  some  branches  that  is  already 
being  done,  for  the  purpose  of  arranging  terms  and  con- 
ditions.   I  do  not  think  it  is  a  bad  plan.    The  purchaser, 
after  all,  can  prevent  it  being   carried   to  an   extreme 
and   I   do  not   consider  that   the   combination   of   the 
manufacturers,  so  far  as  it  has  gone,  has  been  bad  for 
the  industries  concerned.     It  is  not  really  beneficial  to 
have  manufacturers  competing  to  the  extent  they  did 
at  one  time,   and   offering  plant  at  prices  that  could 
not  possiblv  pay  them.     From  a  national  point  of  view 
it  is  a  bad  policy.     There  is  one  other  question  I  should 
dike   to   ask   the   author.     Supposing   a    firm   has  pur- 
chased sufficient  raw  material  to  coverall  its  manufactur- 
ing requirements  for  a  considerable  period  ahead,  and 
that  in  the  meantime  and  when  the  quotations  are  being 
made,  the  price  has  gone  up.     Is  that  firm  not  to  take 
advantage  of  having  purchased  at  an  extremely  low 
rate    one    of    the    principal    components,    say    copper, 
entering  into  the  contract,  or  are  all  the  tenderers  to  be 
put    on    the    same   mark,    viz.    the  price  of    copper  at 


the  date  of  the  tender  ?  If  so,  then  the  advantage 
of  the  knowledge  that  some  fiiTns  have  of  the  right  time 
to  purchase  will  be  nullified. 

Mr.  L.  B.  Atkinson  (communicated)  :  The  question 
of  index-numbers  based  upon  an  assumed  gold  currency- 
requires  to  be  fully  discussed.  It  is  perfectly  true  that 
prices  rise  or  fall  in  relation  to  large  and  small  quantities- 
of  currency,  and  it  is  generally  assumed  that  the  price 
and  quantity  of  currency  are  related  as  effect  and 
cause.  I  think  that  this  is  not  entirely  true.  When 
there  is  a  large  demand,  and  that  demand  is  being 
satisfied,  it  is  true,  as  a  rule,  that  prices  will  be  high. 
It  is  also  true  that  a  large  amount  of  currency  is  in. 
circulation.  But  I  think  the  prices  are  high  because 
the  demand  is  large,  and  not  because  there  is  a  large 
amount  of  currency  in  circulation.  The  currency  is 
in  circulation  because  the  demand  is  large  and  is  being 
supplied. 

Mr.  W.  M.  Furniss  (communicated)  :  I  quite  agree 
that  any  honest  trading  firm  must  welcome  a  sliding 
scale  scheme  for  prices  of  electrical  machinery,  and  I 
see  really  no  other  way  than  the  percentage  scheme  which 
the  author  puts  forward.  I  realize,  however,  that  it  is 
comparatively^  easy  on  standard  plant,  but  will  mean 
verv  considerable  work  on  all  special  quotations. 

Mr.  J.  H.  St.  H.  Mawdsley  [communicated)  :  The 
author's  suggested  application  ol  sliding  scale  contract 
prices  to  the  engineering  industry  would  be  very  welcome. 
Such  a  scheme  would  relieve  the  manufacturer  of 
a  good  deal  of  risk  which  he  has  been  obliged  to  take 
in  the  past,  and  with  the  element  of  risk  obvdated  closer 
prices  could  no  doubt  be  quoted,  but  unless  the  adoption 
of  a  sliding  scale  system  is  made  obligatory  I  am  afraid 
it  would  not  work  for  anj'  length  of  time,  for  the  pur- 
chaser also  will  not  wish  to  take  risks,  and  if  one  manu- 
facturer quoted  a  firm  price  and  another  manufacturer 
a  price  subject  to  a  number  of  indefinite  factors,  it  is 
nearly  certain  that  the  firm  price  would  secure  the 
order  and  the  sliding  scale  system  would  soon  go  by 
the  board.  Further,  we  cannot  treat  this  question  in 
an  insular  fashion.  Other  nations  have  also  largely- 
increased  their  manufacturing  facilities  and  wiU  want 
business  after  the  war,  and  even  if  they  adopted  a 
similar  system  of  sliding  scales  they  would  not  be 
likely  to  stipulate  for  the  same  percentages.  The 
problem  of  the  future  will  therefore  be  to  a  greater 
extent  than  ever  the  reduction  of  costs,  taking  into 
account  the  practical  certainty  of  a  continuing  high 
level  of  wages.  High  wages  to  be  permanent  and 
economically  sound  must  be  associated  with  high 
production,  and,  if  we  are  to  judge  by  pre-war  history. 
a  campaign  to  bring  home  to  Labour  the  fact  that  high 
wages  and  high  production  are  one  and  not  to  be  per- 
manently divorced  either  by  masters  or  trade  unions 
would  seem  to  be  very  necessary.  We  are  apt  to  forget 
that  what  is  obvious  to  us  may  not  be  equally  obvious 
to  others,  and  the  effect  of  increased  production  and 
consequent  lower  percentage  establishment  charges  in 
reducing  the  cost  of  an  article  is  apparently  not  under- 
stood by  many  people,  who  appear  to  think  that  the 
cost  of  an  article  is  simply  dependent  on  the  cost  of 
labour  and  material. 

Captain   'W.    P.   Digby  (in  reply)  :    I  must  explain 
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to  Mr.  Walker  that  in  citing  the  figures  throwing  light 

on  the  economic    situation    after  the  Franco-Prussian 

War  I  was  well  aware  of  their  limitations.     Mr.  Walker's 

exposition  of  the  existing  Variable  Price  Clause  is  lucid. 

Yet  while  the  clause  as  explained  by  him  is  possibly 

equitable  in  its  results,  I  regard  its  wording  as  lacking 

in  clarity  of  definition,  and  feel  that  its  application  may 

be    fallacious.     According     to     my    understanding    of 

Mr.  Walker's  exposition  the  key  upon  which  increases 

hinge   (there  is  no  provision  for  any  decrease)   is  the 

weekly  wages  rate  paid  to  all  productive  labour.     Now 

the   relative   proportions   of  skilled   artisans,    unskOled 

labour   and   female  labour   are   to-day  in   a   continual 

state  of  flux  in  any  large  firm.     Comparing  the  different 

firms  making  the  same  class  of  goods,  Mr.  Walker  will 

find  yet  other  ratios  of  these  tlir^e  classes.     Advances 

for  the  three  classes  are  not  synclironous,  and  a  firm 

employing  more   of  one  class  than  its  rivals  may  be 

prejudiced  by  the  present  phrasing  of  the  clause.     Even 

in  the  same  works,  one  class  of  product  may  be  made 

whollj'  by  the  skilled  artisan.     I  agree  that  the  present 

Variable   Price   Clause   might   be   further   modified    to 

allow  for  the  time-lag  between  placing  the  order  and  the 

actual  starting  of  work  in  the  shops.     Mr.  Walker  does 

not  approve  of  my  reference  to  a  future  saner  unfettered 

individualism  ;    I  had  thought  that  this  aspiration  was 

almost  universal,  and  had  never  anticipated  its  being 

regarded  as  heterodox  in  such  a  haven  of  individualism 

as   Manchester.     Yet   while   the   phrase   is   criticized   I 

am  not  at  all  sure  that  a  saner  unfettered  individualism 

is  in  any  way  incompatible  with  the  spirit  of  mutual 

help  and  the  principle  of  a  square  deal  for  all  parties 

concerned. 

In  reply  to  Mr.  Pearce,  I  am  not  quite  sure  whether 


the  introduction  of  a  sliding  scale  system  of  tendering 
will  really  tend  to  strengthen  what  I  may  term  the 
"  ring  "  system  of  tendering.  I  sometimes  think  that 
a  sliding  scale  system  of  tendering  might  even  weaken 
some  phases  of  the  ring  system.  To  apply  the  principle 
of  the  sliding  scale  to  such  things  as  condensers,  water- 
tube  boilers,  turbo-alternators,  or  big  power-house 
transformers  is  easy,  but  if  we  are  to  apply  it  to  such 
things  as  switchboard  instruments  and  so  forth,  where 
material  is  negligible  and  labour  is  the  main  cost,  the 
operation  of  the  sliding  scale  would  be  governed  more 
by  the  cost  of  labour  than  by  the  cost  of  materials.  I 
am  not  at  all  certain  that  the  sliding  scale  system  would 
have  to  be  compulsory.  A  purchaser  might  ask  for 
tenders  on  a  sliding  scale  basis  and  a  firm  might  prefer 
to  gamble  in  regard  to  price.  Speaking  for  myself, 
I  should  certainly  prefer  to  advise  purchasers  to  buy 
on  the  sliding  scale  which  should,  in  my  opinion,  give 
a  closer  price  than  on  the  other  system. 

Alderman  Walker  referred  to  the  question  of  rates 
prevailing  in  the  manufacturer's  district.  I  am  afraid 
one  cannot  get  away  from  that  expression.  He  also 
raised  the  question  of  firms  with  big  stocks.  If  a  firm  has 
a  big  stock  purchased  judiciously,  I  can  see  no  reason 
whatever  why  they  should  not  make  a  profit  from  it. 

I  am  glad  to  have  the  support  of  manufacturers  like 
Mr.  Furniss  and  Mr.  Mawdsley  of  a  sliding  scale 
proposal.  But  I  do  not  share  Mr.  Mawdsley's  view 
that  a  universal  adoption  of  the  sliding  scale  is  necessary ; 
I  feel  that  closer  equitable  prices  can  be  obtained,  and  I 
do  not  think  the  buyer  will  be  prejudiced.  As  regards 
any  increase  in  wages  after  expiration  of  the  contract 
period,  any  benefit  ascribing  to  the  manufacturer 
should  be  counterbalanced  by  a  penalty  for  late  delivery. 
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North  Midland  Centre,  at  Leeds,  13  January,  1920. 


Mr.  C.  J.  Stacey  :  I  consider  that  the  springs  used 
for  automatic  adjustment  to  compensate  for  shrinkage 
on  core-type  windings  are  not  so  advantageous  as  some 
firms  would  try  to  make  us  believe.  The  idea  is  verv 
effective,  but  if  the  spring  has  expanded  to  take  up  the 
necessary  shrinkage,  the  pressure  of  the  spring  will  be 
reduced.  If,  under  these  conditions,  the  transformer 
is  required  to  withstand  a  heavy  rush  of  current,  the 
windings  will  be  forced  against  the  pressure  of  the  springs 
and  will  press  the  springs  back  to  their  original  positions, 
thus  allowing  the  windings  to  have  considerable  axial 
movement,  which  is  very  undesirable.  I  aifi  strongly 
in  favour  of  frequent  inspection  and  tightening  of  the 
adjustable  bolts  (with  springs),  and  under  these  con- 
ditions the  windings  are  held  secure  between  solid 
supports.     I   should  also  like  to   point  out  that  very 
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Fig.  a. 

little  attention  is  paid  to  the  use  of  simple  guides  inside 
the  transformer  tanks  to  keep  the  core  steady  during 
the  operation  of  taking  it  out  or  replacing  it  in  its  correct 
position,  and  I  have  seen  windings  damaged,  both  in 
the  maker's  works  and  also  on  site,  owing  to  it  being 
impossible  to  steady  the  core  when  suspended  inside  the 
tank  during  raising  or  lowering  operations.  There  is  a 
point  in  favour  of  strong,  flat,  solid  bases  for  transformer 
tanks,  as  it  is  much  more  convenient  to  transport  trans- 
formers across  soft  ground  on  loose  rollers  or  tubes,  than 
to  use  the  type  of  wheels  which  are  usually-  fitted  to 
transformer  tanks.  Also,  a  very  simple  removable 
transport  fender  can  be  fitted,  which  will  protect  the 
tank  from  damage  when  being  transported  through 
narrow  openings  such  as  substation  doorways  or  open- 
ings to  the  transformer  chamber.  Suppose  that  during 
slinging  or  rolling  operations  the  tank  fitted  with  fenders 

•  Paper  by  Messre.  A.  G.  EUk  and  J.  L.  Thompson  (see  vol.  57,  p.  547). 


came  forcibly  against  any  structures  ;  the  protection 
fender  would  receive  the  force  of  the  collision  and  thus 
protect  the  tubes  of  the  tank,  as  the  fender  projects  just 
beyond  the  tubes.  Two  different  types  of  skids  and 
fenders  are  showTa  in  Figs.  A  and  B  herewith.  Fig.  A 
illustrates  skids  made  up  of  channel  irons,  or  of  two 
pieces  of  angle  irons  riveted  together  to  form  a  Z-shaped 
iron.  The  fenders  can  be  easily  taken  off  when  more 
room  is  required,  by  unfastening  the  bolts  shown  in  the 
plan  and  the  bolts  which  fasten  the  fender  to  the  skids 
under  the  tank.  Fig.  B  shows  another  arrangement  of 
sldds,  and  in  this  case  H-iron  with  a  tie-bolt  across  the 
centre  is  used  instead  of  channel  iron.     In  both  cases 


Sectional   plan  en  A-A 
Fig.  B. 

the  fenders  are  very  useful  for  levering  purposes.  I  do 
not  altogether  agree  with  the  authors'  view  regarding 
the  British  Standard  Rating.  It  is  rather  a  difficult 
proposition  for  a  supply  company  which  has  several 
hundreds  of  transformers  in  ser\-ice  to  change  from  the 
old  method  of  ordering  transformers  to  the  British 
Standard  Rating.  These  transformers  were  designed  to 
give  20  per  cent  overload  continuously,  and  if  the 
British  Standard  Ratings  were  now  adopted,  all  the 
present  transformer  records  would  need  to  be  altered 
correspondingly.  I  have  recently  received  a  quotation 
from  a  British  maker  for  a  number  of  transformers  of 
various  sizes,  both  for  units  capable  of  supplying  20  per 
cent  overload  continuously  and  also  for  units  to  the 
British  Standard  Rating,  and  I  find  the  British  Standard 
Rating  to  be  in  all  cases  the  most  expensive  per  kilovolt- 
ampere  of  maximum  output.  I  regret  that  the  authors 
have  not  dealt  at  length  with  the  question  of  voltage 
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regulation  of  interlinking  transformers.  My  experience 
leads  me  to  believe  that  the  transformer  makers  of  this 
country  will  need  to  develop  the  switchgear  or  controlling 
gear  for  the  regulation  of  voltage,  as  these  units  must  be 
supplied  complete  ;  the  present  gear  for  large  units  does 
not  give  very  satisfactory  results,  and  some  makers 
will  not  undertake  to  manufacture  or  supply  gear  for 
regulating  large  units. 

Mr.  W.  E.  Burnand  :   I    notice    that   the   authors 
strongly     advise    despatching    the    transformers    com- 
plete with  oil  wherever  possible.     I  am    in    favour   of 
this    method,    but    sometimes    the    railway    companies 
object.     They  point  out  that  if  they  lay  a  transformer 
on  its  side  some  of  the  oil  escapes,  but  they  do  not 
explain  why  they  put  it  on  its  side,  when  it  is  easier  to 
handle  it  right  side  up.     On  the  matter  of  substations, 
I  think  the  authors  do  right  to  insist  that  there  should 
be   plenty  of   fresh   air.     If  we   get   a  temperature   of 
ioo°  F.  in  the  substation  we  must  expect  the  transformer 
to  run  hot.      In  that  connection,  chimneys  are  of  very 
little  use.     I  have  seen  chimneys  fitted  in  substations 
•6  ft.  high,  and  the  air  comes  down  as  often  as  it  goes  up. 
What  we  want  is  plenty  of  area  in  the  opening  of  the 
substation  to  let  the  natural  movement  of  the  air  de- 
termine the  volume  of  the  air  passed  through  the  sub- 
station, or  to  help  it  through  with  a  fan.     The  chimneys 
are  of  very  little  use.     Regarding  internal  versus  external 
reactance,  I  favour  external.     If  it  is  internal  it  increases 
the  stresses  and  introduces  additional  risks.     We  cannot 
insert  these  iron  shunts,  or  even  regroup  the  coils,  with- 
out a  certain  amount  of  complication  and  loss  in  efficiency, 
whereas  with  external  reactance  we  get  transformers  of 
the  highest  efficiency  and  are  able  to  alter  the  reactance 
without  disturbing  the  transformer.     It  also  takes  to  a 
great  extent  the  shocks,  due  to  surges  of  steep  wave- 
front,    from   the   end   turns   of   the   transformers.     The 
insulation    and    mechanical    staying    of    the    external 
reactance  is  a  much  simpler  matter  than  with  internal 
reactance.     The   authors   point   out   the   great   stresses 
that   occur   on    large   transformers   on    the    big   power 
systems,   and   they  also  mention  that  during  the  last 
decade  the  size  of  plant  in  all  power  stations  has  increased 
practically  tenfold.     If  it  is  going  to  increase  tenfold  in 
the  next  decade — and  I  do  not  think  there  is  much  reason 
to  doubt  it — the  ordinary  form  of  transformer  will  not 
stand  the  increased  stresses.     If  we  are  going  to  get 
2,000  tons  stress,   and  70  tons  per  square  inch  on  the 
outside  coil,  it  is  obvious  we  shall  have  to  develop  some 
other  construction  or  prevent  the  current  from  attaining 
anything  like  its  full  value.     In  that  connection  I  should 
like  to  mention  one  or  two  types  of  transformers  not 
referred  to  in  the  paper.     There  is  one,  for  which  I  am 
responsible,  with  a  square  core  and  the  coils  distributed 
on  each  leg  of  the  core.     Inside  the  square  it  is  held  up 
as  in  the  shell  transformer  ;     whilst  outside,   the   coil 
splits  up  into  four  and  the  coils  are  triangular  in  cross- 
section.     In  that  way,  only  a  quarter  of  the  coils  are 
in  a  section  outside  the  core  and,  in  addition,  the  coils 
as  they  get  further  from  the  support  of  the  core  become 
smaller  in  width  with  fewer  turns.     Thus,  for  a  given 
rating  of  transformer,  quite  a  light,  bracing  is  sufficient 
to  withstand  the  ordinary  stresses.     This  is  useful,  but 
would  not  get   over  the   stress   difficulty   indefinitely; 


for  instance,  for  sizes  10  times  the  largest  now  contem- 
plated. There  is  another  type  I  saw  at  the  old  Paris 
E.xhibition.  The  Ganz  firm  had  some  transformers  like 
a  Gramme  ring,  and  of  about  5  kw.  I  do  not  think  one 
could  say  anything  good  about  them  in  that  small  size  ; 
they  were  inefficient,  expensive,  and  not  very  reliable. 
It  seems  possible  in  these  e.xtra  large  sizes  that  the 
design  might  be  considered  and  developed.  If  we  adopt 
this  type,  distribute  the  windings  evenly  round  it,  and 
bow  out  the  windings  so  that  the  final  shape  of  the 
transformer  is  sometliing  like  an  orange,  the  stresses 
are  balanced  among  themselves.  Whatever  stress  is  on 
any  turn  is  balanced  by  an  equal  stress  in  the  opposite 
direction,  except  radially  in  the  outer  layer.  Thus  there 
is  no  tendency  to  deform  the  windings.  I  have  no 
personal  experience  of  the  design,  but  it  looks  feasible 
now  that  bracing,  though  quite  unimportant  a  few  years 
ago,  seems  likely  to  become  a  determining  feature. 
Going  beyond  that,  I  will  draw  a  more  or  less  fancy 
picture.  The  point  is  :  Is  it  not  possible  to  get  a 
radically  different  design  ?  The  first  thing  that  occurs 
to  me  is  whether  we  can  omit  the  iron  from  the  trans- 
former. If  we  get  a  200-kw.  transformer  we  might  have 
I  per  cent  magnetizing  current  with  the  iron  working 
at  a  permeability  of  2,000.  If  we  omit  the  iron  we  get 
20  times  full-load  current  through  the  transformer  on 
no  load.  That  is  evidently  unpractical.  As  the  size- 
increases,  say  with  the  same  magnetic  and  electric 
densities,  the  magnetizing  current  decreases  slowly. 
Consider  a  large  size,  say  250,000  kw.  We  shall  get 
approximately  one-sixth  of  that  percentage  magnetizing 
current.  That  still  amounts  at  no  load  to  3^^  times 
full-load  current.  If  we  make  a  transformer  without 
iron  we  should  naturally  modify  the  shape  and  perhaps 
put  more  turns  in  the  windings.  By  that  means  we 
might  bring  the  magnetizing  current  down  to,  say,  one- 
tenth  its  former  value,  but,  as  it  still  leaves  33  per  cent 
of  full-load  current  for  magnetizing,  apparently  we 
cannot  do  without  iron.  Here  another  factor  might 
be  considered.  It  has  been  shown  that  a  few  degrees 
above  absolute  zero  temperature  certain  metals,  or 
possibly  all  pure  metals,  have  practically  zero  resistance. 
That  means  we  can  use  a  very  small  cross-section  and 
increase  the  number  of  turns.  We  might  increase  them 
10  times,  for  instance.  This  would  reduce  the  voltage 
between  adjacent  turns,  and  the  metal  would  cost 
practically  nothing  owing  to  the  small  area,  the  mag- 
netizing current  decreasing  as  the  square  of  the  number 
of  turns.  Thus,  on  the  large  size  of  250,000  kw.,  one- 
third  of  I  per  cent  would  be  required  for  magnetizing 
current  without  using  iron.  Even  for  25,000  kw.  we 
could  still  have  under  i  per  cent  of  magnetizing  current. 
At  such  a  temperature  we  should  obviously  embed  the 
attenuated  coil  in  a  block  of  ice — not  necessarily  frozen 
water  but  perhaps  solidified  air.  Imagine  we  have 
this  simple  coil  embedded  in  a  solid  block  of  ice  at 
approximately  absolute  zero  temperature.  There 
would  be  no  iron  losses  and  no  resistance  losses,  and 
instead  of  the  problem  being  to  get  heat  out  of  the 
transformer  it  would  be  to  prevent  heat  getting  in, 
and  the  solid  block  of  ice  of  the  highest  insulating 
qualiUes  (even  clear  frozen  water  is  a  good  insulator, 
but    no    doubt    there   are    many   better   and   stronger) 
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\vx)uld  prevent  displacement  or  \ibration  of  the  %vind- 
ings.  There  is  room  for  plenty-  of  research  in  that 
direction. 

Mr.  F.  S.  G.  Minings :  In  the  paper  the  authors 
have  given  their  experience  and  opinions  of  various 
types  of  transformers,  and  these  are  more  or  less  in 
harmony  with  my  own.  Analysing  the  advantages  and 
disadvantages  put  forward  by  them  of  the  core  and  shell 
types,  they  have  made  out  a  case  in  favour  of  the  latter. 
There  are,  however,  a  few  points  in  favour  of  the  core 
type,  so  I  feel  sure  that  we  are  all  picturing  in  our  minds 
what  the  ideal  transformer  must  be  like  in  order  to 
combine  all  the  good  features  of  both  tvpes.  One  of 
the  merits  of  the  core  type,  the  authors  tell  us,  is  that 
the  windings  are  circular,  which  simplifies  the  insulation 
problem.  Now,  if  it  is  advantageous  to  have  circular 
coUs  in  the  core  tj'pe  it  must  also  be  so  with  the  shell 
type,  which  of  course  it  is.  In  accordance  therefore 
•with  the  authors'  remarks  the  "  ideal  transformer " 
must  be  a  circular  shell  type.  The  one  illustrated  in 
Fig.  12  (vol.  57,  p.  559)  has  rectangular  coils  and  hardly 
meets  the  ideal.  The  authors  further  state  that  the 
windings  of  a  core-type  transformer  are  more  liable  to 
shrink  on  account  of  the  weight  of  the  copper  in  the 
windings.  The  obvious  way  to  counteract  such  a  defect 
is  to  use  a*more  mechanical  insulation  which  does  not 
shrink,  no  matter  what  the  pressure.  Insulation  of  this 
kind  has  been  used  for  many  years.  As  regards  shrinkage 
of  windings,  I  can  say  that  experiments  and  inspections 
have  shown,  as  claimed  by  the  authors  for  the  shell 
type,  that  shrinkage  is  negligible,  so  that  automatic  or 
any  adjusting  clamps  for  the  coils  are  really  unnecessary 
except  in  very  large  sizes.  The  use  of  automatic  spring 
adjustments  necessitates  a  construction  which  is  not  so 
rigid  as  would  be  obtained  if  such  apparatus  were  omitted, 
since  obviouslv,  unless  the  coils  do  move  and  can  move, 
the  spring  adjustments  would  be  valueless  and  the 
restrictions  must  be  such  that  the  springs  can  overcome 
them.  Such  construction  implies  less  rigidity,  with  a 
further  disadvantage  that  it  is  possible  under  certain 
conditions  for  the  reactance  to  be  affected,  with  serious 
results  as  regards  parallel  operation.  There  is  no  doubt 
that  springs  or  any  other  automatic  adjustments  of  coils 
introduce  complications  which  should  be  avoided,  and 
it  is  possible  to  avoid  the  use  of  such  devices  if  the 
transformer  itself  is  built  rigid  enough  to  withstand  the 
severe  conditions  of  service  without  movement  of  its 
coils.  I  was  rather  interested  in  reading  an  advertise- 
ment in  the  electrical  Press  the  other  day  by  one  of  the 
manufacturers  mentioned  in  this  paper  who  makes  core- 
type  transformers.  They  stated  that  the  chief  feature 
of  their  transformer  is  that  it  has  no  gadgets — no  spring 
devices  which  cause  more  trouble  than  they  cure. 
Table  6  gives  the  voltage  per  turn  for  the  core  and  shell 
tj'pes,  and  it  will  be  seen  that  in  the  core  type  the  voltage 
per  turn  is  much  less  than  in  the  shell  type,  and  the 
authors  tell  us  that  the  insulation  between  the  turns 
must  be  heavier  for  the  shell  type  on  that  account. 
If,  however,  we  turn  to  Table  7  (vol.  57,  p.  566)  we  note 
that  the  breakdown  voltage  between  turns  of  either 
type  is  several  thousand  volts,  and  the  average  safe 
voltage  in  practice  is  from  166  to  900  volts.  The  mini- 
mum practicable  thickness  of  insulation  between  turns 


is  fixed  chiefly  by  mechanical  considerations  and  not 
by  electrical. 

Mr.  F.  A.  Lauper  :  Can  the  authors  tell  us  how  the 
extra  losses  increase  with  the  use  of  magnetic  shunts  ? 
It  is  well  known  that  in  designing  transformers  vrith 
high  internal  reactance  the  additional  losses  in  copper 
and  iron  increase  proportionately,  and  consequently  also 
the  heating.  Very  often  the  trouble  with  magnetic 
shunts  in  the  past  was  excessive  local  heating,  but  I 
suppose  that  with  present  designs  it  has  been  largely 
overcome  by  using  laminated  and  insulated  constructions. 
How  do  these  extra  losses  in  transformers  with  magnetic 
shunts  compare  with  those  where  internal  reactance  is 
used  ?  I  should  also  like  to  know  how  the  authors 
propose  to  fix  the  coils  on  big  transformers  for  electric 
furnace  work,  where  the  currents  attain  very  high  values 
and  the  whole  service  is  usually  much  more  severe  than 
for  either  lighting  or  power  purposes.  The  big  copper 
sections  required  are  not  easily  made  mechanically  rigid. 
Due  to  the  working  of  the  furnace,  we  have  very  frequent 
short-circuit  conditions,  where  the  stresses  in  the  windings 
can  attain  excessively  high  values.  How  do  the  authors 
propose  to  face  these  difficulties  ? 

Mr."  S.  E.  Fedden  :  I  disagree  with  the  use  of  such 
devices  as  spring  adjusters,  and  I  also  do  not  approve 
of  having  continually  to  adjust  one's  transformers  by 
screwing  down  the  nuts  to  hold  the  cores  tight.  One 
installs  a  transformer  and  wants  to  use  it  continuously, 
and  it  seems  to  me  a  weak  point  in  construction  if  we 
have  to  put  the  transformer  out  of  commission  for 
adjustments.  I  am  a  user  of  both  core  and  shell  type 
transformers,  and  of  course  there  are  failures  with  both 
types,  but  nothing  like  as  many  as  there  used  to  be 
years  ago.  I  went  in  for  manufacturing  transformers 
twenty  years  ago,  because  I  had  such  a  bad  time  with 
breakdowns.  The  transformers  were  made  under  M^. 
Burnand's  patents,  and  many  thousand  kilowatts  of 
them  were  produced  in  the  Corporation  factory  at 
Sheffield,  and  I  can  say  that  many  of  them,  designed 
for  a  short-period  lighting  load,  are  running  to-day 
after  16  years  on  a  long-period  power  load.  I  have 
water-cooled  oil  transformers  in  use  and  have  never 
had  any  trouble  with  them.  Coils  of  lead  pipes  through 
which  the  cooling  water  circulates  are  immersed  in  the 
oil  at  the  top  of  the  tank.  In  my  new  power  station  I 
am  installing  transformers  which  will  have  oil  circulation, 
water-cooled,,and  the  oil  will  be  kept  at  a  higher  pressure 
than  the  water,  which  will  ensure  that  no  water  gets 
into  the  oil.  I  am  trjdng  a  new  idea  in  these  trans- 
formers. The  main  6,600/1 1,400-volt  transformers  will 
be  tied  to  the  alternator,  and  another  coil  to  supply 
440  volts  is  to  be  provided  for  the  station  auxiliary 
plant,  so  that  the  main  plant  will  run  its  own  auxiliaries. 
I  do  not  know  if  I  shall  have  any  trouble,  but  perhaps 
the  authors  will  tell  me  if  I  am  taking  any  great  risk.  Up 
to  now  I  have  always  advocated  three  single-phase 
transformers  in  preference  to  a  three-phase  transformer, 
on  account  of  less  expense  in  spares.  If  we  have  a  sub- 
station with  a  lot  of  three-phase  transformers,  it  may  be 
more  economical  to  put  in  three-phase  sets  and  keep 
three-phase  spares.  I  agree  with  the  authors  when  they 
say  we  may  have  too  high  an  efficiency  with  a  loss  in 
durability,  and  I  think  we  can  strive  for  high  efficiency 
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and  get  lots  of  breakdowns.  There  is  one  question 
which  I  should  like  to  ask  in  connection  with  the  instal- 
lation of  large  three-phase  units  in  preference  to  single- 
phase  units.  On  a  job  where  there  are  large  fluctuations 
on  any  phase  I  am  of  opinion  that  the  large  three-phase 
transformers  would  not  be  satisfactory  owing  to  the 
long  yoke.  It  is  necessarj'  to  have  a  very  long  yoke 
because  the  three  coils  are  in  line.  If  we  get  a  big 
out-of-balance  load  it  seems  to  me  there  would  be  a 
great  tendency  to  displace  the  yoke  and  cause  more 
adjustments  than  ever  to  be  made.  Perhaps  the 
authors  have  had  some  experience  with  regard  to  large 
three-phase  units  on  heavy  duty  with  out-of-balance 
load. 

Messrs.  A.  G.  Ellis  and  J.  L.  Thompson  (in  reply, 
commwiicuted)  :  Referring  to  Mr.  Stacey's  remarks  on 
the  use  of  springs  for  automatic  compensation  for 
shrinkage  of  the  windings,  the  disabilities  of  springs 
which  he  mentioned  were  pointed  out  in  the  paper, 
and  these  disabilities  are  overcome  by  the  use  of  the  oil 
dash-pot,  which  prevents  the  sudden  movement  that 
would  take  place  if  the  springs  were  free  to  compress. 
Regarding  the  question  of  the  B.E.S.A.  Rating,  if 
everyone  took  Mr.  Stacey's  standpoint  as  regards 
alteration  of  records,  no  progress  would  ever  be  made 
in  such  important  matters  as  standardization  of  rating. 
It  is  a  relatively  simple  matter  to  determine  the  B.E.S.A. 
Rating  for  any  existing  transformers,  and  to  have  this 
stamped  on  the  rating  plate  in  addition  to  the  existing 
rating  and  temperature  rise.  The  fact  that  a  large 
number  of  supply  systems  in  this  country  have  already 
adopted  the  B.E.S.A.  Rating  shows  that  there  are  no 
serious  disabilities  to  this  step  ;  and  the  advantages 
of  a  common  basis  of  rating,  to  both  users  and  manu- 
facturers, are  quite  apparent.  The  reason  why  the 
B.E.S.A.  rated  transformer  of  a  certain  output  is,  in 
the  case  cited  by  Mr.  Stacey,  more  expensive  than  a 
transformer  for  the  same  output  considered  as  a  20  per 
cent  continuous  overload,  is  probably  that  the  tempera- 
ture rise  allowed  on  the  continuous  overload  is  60  degrees 
C,  whereas  the  B.E.S.A.  Rating  is  50  degrees  C. 

Regarding  voltage  regulation  of  interlinking  trans- 
formers, the  induction  regulator  is  available  in  this 
country,  and  certain  contact  regulators  can  also  be 
obtained.  With  regard  to  Mr.  Burnand's  remarks,  it 
is  true  that  the  external  protective  reactance  has  the 
advantages  mentioned,  but,  in  stating  that  a  transformer 
with  protective  reactance  external  instead  of  internal 
has  a  higher  efficiency,  Mr.  Burnand  has  overlooked  the 
fact  that  there  are  considerable  losses  in  the  external 
reactance  which  must  be  taken  into  account. 


Mr.  Minings  refers  to  the  circular-coil  shell-type 
transformer  which  is  virtually  the  underlying  principle 
of  the  Berry  design.  The  reason  why  the  circular 
coils  are  not  generally  used  for  ordinary  shell-type 
transformers,  is  that  the  construction  would  be  con- 
siderably more  complicated,  especially  from  the  manu- 
facturing point  of  view,  and  would  be'  more  costly. 
The  rectangular-coil  shell-type  transformer  has  been 
built  in  this  country  and  in  America  and  Europe  for 
a  total  of  many  millions  of  kilovolt-amperes,  and  has 
proved  itself  a  thoroughly  sound  design.  This  is  a 
case  where  the  "  ideal  "  is  not  always  the  practical 
solution.  Mr.  Minings  states  that  the  use  of  automatic 
shrinkage  devices  introduces  complications,  and  he 
refers  to  an  advertisement  stating  that  such  devices; 
cause  more  trouble  than'  they  cure.  If  he  were  to 
investigate  this  matter  he  might  fmd  that  the  party- 
responsible  for  this  advertisement  had  not  used  sucb 
devices  and  cannot  therefore  speak  from  experience. 
The  authors  have  had  a  large  number  of  transformers- 
built  lifted  with  the  spring  dash-pot  coil  support,  witk 
very  satisfactory  results. 

In  reply  to  Mr.  Lauper's  remarks,  the  use  of  magnetic 
shunts  for  high-reactance  transformers,  designed  to 
the  authors'  patent  Ko.  110,070  of  1917,  effects  a  large 
reduction  in  the  eddy-current  losses,  and  nas,  in  fact, 
improved  the  efficiency  of  such  transformers  by  about 
o  •  2  per  cent. 

Referring  to  electric  furnace  transformers,  the  low- 
tension  coils  are  usually  made  of  copper  strip  wound 
on  edge,  which  gives  a  very  rigid  winding.  Electric 
furnace  transformers  are  dealt  with  more  fully  ini 
Mr.  Thompson's  paper  *  on  that  subject. 

In  reply  to  Mr.  Fedden,  the  tightening  of  the  adjusting 
screws  on  the  spring  dash-pot  coil  supports  is  only 
necessary  occasionally,  since  the  springs  automatically 
take  up  the  shrinkage,  which  would  otherwise  leave 
the  coils  free  to  move.  With  the  large  sizes  of  trans- 
formers at  present  required,  periodic  inspection  is  far 
from  undesirable,  and  on  such  occasions  the  tightening 
up  of  the  coil  bracing  screws  is  a  very  simple  matter. 
Regarding  the  auxiliary  winding  for  440  volts  on 
Mr.  Fedden's  main  6,600/1 1,400-volt  transformers,  this: 
has  already  been  done  on  very  large  generating  statiort 
transformers,  and,  provided  the  winding  is  properly- 
supported  and  insulated,  it  should  cause  no  trouble.. 
The  authors  have  not  experienced  displacements  oi 
the  yoke  in  three-phase  transformers,  and  this  seems, 
to  them  impossible  if  the  transformer  is  properly 
designed  and  constructed. 

•  Journal  I.E.E.    1920,  vcl.  58,  p.  201. 


Western  Centre,  at  Cardiff,  3  February,  1920. 


Mr.  Arthur  Ellis  :  The  authors  have  referred  to 
lack  of  opportunities  for  building  large  transformers 
in  this  countrj'.  If  this  is  so,  I  am  of  opinion  that  such 
opportunities  will  be  amply  afforded  in  future  years 
under  the  new  schemes  which  will  be  evolved  as  a 
result  of  the  Electricity  Supply  Act  for  the  production 
and  distribution  of  electricity  generally.  Manufacturers 
will  no  doubt  lay  themselves  out  to  produce  transformers 


of  large  power,  such  as  are  referred  to  in  the  paper, 
and  as  are  used  in  the  United  States  and  on  the  Continent, 
in  view  of  the  larger  units  which  are  going  to  be  utilized 
for  public  supplies.  After  all,  I  think  it  will  be  agreed 
that,  if  and  so  long  as  transformers  are  properly  designed, 
there  is  no  reason  why  supply  engineers  should  not 
rely  upon  transformer  manufacturers,  as  they  do  upon 
manufacturers  of  other  plant,  for  reliability,  efficienc}!. 
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etc.  In  regard  to  the  sizes  of  transformers,  it  is 
suggested  in  the  paper  that  to  some  extent  they  are 
controlled  by  crane  capacities.  When  one  bears  in 
mind  the  sizes  of  units  and  the  weights  to  be  lifted, 
and  the  cost  of  such  units,  even  though  it  may  entail 
the  additional  expenditure  of  a  few  hundred  pounds, 
that  money — representing  only  a  small  proportion  of 
the  total  expenditure — would  surely  be  well  spent  in 
providing  cranes  of  ample  capacity  for  dealing  with 
the  installation  of  large  transformers.  In  regard  to 
transport  difficulties,  as  suggested  in  Figs,  i  {a)  and 
1  (b)  of  the  paper,  it  is  possible  that  the  Ministry  of 
Transport  will  have  the  matter  before  them  and  pro\'ide 
such  arrangements  as  will  remove  the  present  difficulties. 
In  regard  to  cooling,  I  do  not  think  it  needs  much 
understanding  of  transformer  problems  to  appreciate 
that  transformers,  over  and  above  .t.ooo  k.v.a.  capacity, 
should  be  forced  cooled.  Some  of  us  have  hold  this 
view,  even  in  regard  to  transformers  having  smaller 
capacity  than  this.  In  regard  to  the  question  of 
single-phase  versus  three-phase  units,  the  authors' 
remarks  are  very  interesting,  particularly  in  regard 
to  the  difference  in  weights  and  costs  as  between  25 
■periods  and  50  periods  respecti\'ely.  This  is  a  matter 
upon  which  no  doubt  Mr.  Chamen,  of  the  South  Wales 
Power  Company,  whose  system  is  operating  with  a 
periodicity'  of  25,  will  be  able  to  express  his  views, 
whilst  those  of  us  connected  with  50-period  under- 
takings may  presumably  congratulate  ourselves  that 
our  transformers  do  not  cost  as  much  as  they  other- 
wise would  do.  No  doubt  there  are  advantages  both 
waj's.  The  authors  have  tabulated  the  respective  costs 
of  three-phase  and  single-phase  units,  and  reference  is 
made  to  the  percentage  of  spares  to  be  carried,  but  I 
suggest  that  to  carry  one  spare  for  every  six  trans- 
formers where,  say,  10  groups  are  installed,  is  some- 
what on  the  high  side,  but  even  when  laj'ing  out  a 
power  station  of  250,000  k.v.a.  capacity,  it  is  not 
desirable  to  have  so  much  money  lying  idle,  which  may 
be  ;£32, 500  in  one  case  and  £37,000  in  the  other.  In 
regard  to  types  of  transformers,  the  authors  have 
clearly  illustrated  the  core  and  shell  types.  Personally 
I  think  the  former  type  has  many  advantages  over  the 
latter.  The  authors  have  shown  us  what  it  means 
when  one  leg  of  a  transformer  breaks  down  and  one 
has  to  dismantle  the  whole  structure  to  effect  a  repair. 
With  the  core  type,  however,  one  need  not  keep  a  spare 
transformer  in  stock,  but  merely  spare  coils,  which  can 
be  more  readily  fitted,  thus  effecting  a  saving  of  time. 
I  certainly  agree  with  the  authors  that  the  British 
Engineering  Standard  Ratings  ought  to  be  adhered  to. 
Some  of  us  have,  not  only  in  regard  to  transformers, 
but  for  electrical  machinerj-  in  general,  stipulated  that 
certain  overloads  must  be  carried  for  certain  periods 
of  time.  I  certainly  think  it  would  be  better  if  we 
could  take  into  account  immediately  the  possible 
overloads  to  be  carried  and  the  length  of  time  over 
which  they  would  extend,  and  then  put  it  up  to  the 
manufacturers  to  provdde  a  transformer  that  would 
be  capable  of  meeting  such  requirements.  I  should 
hesitate  to  act  upon  the  authors'  advice  where  it  is 
stated  that  the  correct  way  of  switching  in  is  to  close 
the  switch  slowlv.  during  which  interval  the  distance 


between  the  contacts  becomes  smaller,  until  the  voltage 
causes  the  current  to  jump  across  the  gaps.  This  is 
a  practice  which  I  have  never  followed.  On  the  con- 
trary, I  should  do  quite  the  reverse.  Ko  doubt  the 
authors  have  satisfied  themseh-es  that  no  injurious 
effect  takes  place  at  the  terminals  or  contacts.  There 
is,  in  my  opinion,  no  reason  why  designers  of  trans- 
formers should  not  produce  something  which  will  be 
entirely  reliable  in  the  same  sense  as  are  the  prime 
movers.  What  has  occurred  to  me  is  this  :  There  are 
various  manufacturers  who  have  different  designs,  and 
all  of  them  try  to  persuade  the  engineer  that  their 
particular  design  is  best.  I  think  it  would  be  desirable 
for  designers  of  transformers  to  cut  out  any  idea  of 
competitive  designs  and  to  combine  the  best  points 
in  each,  in  order  to  produce  that  which  will  give  ideal 
results.  I  see  no  difficulty  in  this  being  done.  Supply 
engineers  would  then  be  relieved  of  many  anxieties 
and  cares  in  endeavouring  to  maintain  public  supplies, 
and,  even  if  a  transformer  breaks  down,  we  shall  have 
the  satisfaction  of  knowing  that  it  was  through  some 
exceptional  cause,  and  not  as  a  result  of  the  purchase 
of  an  inferior  article  for  the  benefit  of  the  lower 
price. 

Mr.  W.  A.  Chamen  :  For  some  reason  I  do  not  quite 
understand,  I  seem  to  be  always  expected  to  say  that 
a  periodicity  of  25  is  better  than  any  other.  The  point 
really  is  that  m  this  district  there  is  a  very  large  amount 
of  25-period  plant  at  work,  and  I  do  not  see  how  it  is 
going  to  be  got  rid  of.  25  periods  is  better  for  some 
purposes,  while  50  periods  may  be  better  for  others. 
The  fact  that  25-period  transformers  weigh  and  cost 
much  more  than  50-period  ones  may  not  really  have 
a  serious  effect  upon  the  question,  because  the  trans- 
former is  not  the  controlling  factor.  If  it  were,  why 
not  increase  the  periodicity  to  100  and  so  presumably 
reduce  the  weight  and  cost  still  more  ?  Those  who 
originally  decided  upon  25  periods  for  the  South  Wales 
Electrical  Power  Distribution  Company's  system  did, 
I  believe,  seriously  consider  adopting  15  periods,  but 
in  the  end  25  periods  was  decided  upon  as  probably 
being  sufficiently  low  to  secure  to  a  very  considerable 
extent  the  advantages  of  low  periodicity,  without 
seriously  accentuating  the  disadvantages.  The  problem 
we  have  to  face  is  that  of  working  the  two  periodicities 
together,  or,  if  one  ought  really  ultimately  to  prevail, 
to  find  out  how,  gradually,  to  make  the  change  (it 
cannot  be  done  suddenly)  from  the  one  periodicity  to 
the  other.  Bearing  in  mind  all  the  brain  work  and 
ingenuity  that  have  been  expended  on  transformer 
problems,  why  cannot  someone  devise  a  static  frequency 
changer  ?  A  system  of  transmission  and  main  dis- 
tribution at  25  periods,  with  the  possibility  of  trans- 
forming to  higher  periodicities  where  desired,  while 
leaving  25  periods  available  for  large  motors,  rotary 
converters,  etc.,  would  seem  to  be  an  excellent  solution 
if  it  could  be  arrived  at.  I  am  glad  to  hear  what  the 
authors  sai'  with  reference  to  the  use  of  auto-trans- 
formers for  stepping -up  and  down,  to  and  from  very 
high  pressures.  I  had  arrived  at  the  same  conclusions 
myself  when  considering  this  question  some  years  back, 
although  the  plant  then  in  contemplation  was  not 
installed.     The    trouble    caused    by    the    shrinkage    oi 


886 


DISCUSSION    ON    "LARGE    POWER   TRANSFORMERS." 


insulation  material  is  one  upon  which  we  have  had 
considerable  experience.  I  should  like  to  know  whether 
the  automatic  device  for  following  up  shrinkage  with 
springs  combined  with  dash-pots  has  been  put  to  the 
test  and  found  to  perform  the  duty  for  which  it  is 
designed. 

Mr.  A.  J.  Newman  :  Although  the  paper  was  written 
something  like  a  year  ago,  progress,  I  take  it,  has  not 
been  so  rapid  as  to  cause  the  data  given  to  be  in  any 
way  out-of-date.  My  remarks  would  not  be  in  the 
nature  of  criticism,  but  would  take  the  form  of  seeking 
information.  I  personally  should  like  to  know  how 
much,  in  the  authors'  opinion,  the  costs  per  kilovolt- 
ampere  have  been  increased  since  the  figures  were  com- 
piled. I  notice  that  the  authors  do  not  apparently 
attach  much  importance  to  road  transport,  though  I 
should  have  thought  this  method  of  conveyance  should 
have  received  some  little  consideration.  I  quite  agree 
with  the  authors  that  wherever  possible  transformers 
should  be  delivered  in  their  tanks  covered  with  oil. 
It  has,  however,  been  my  experience  that,  even  when 
transformers  have  been  so  delivered,  drying  has  had 
to  be  resorted  to,  owing  to  water  finding  its  way  into 
the  tanks  on  account  of  exposure  and  delay  in  transit. 
The  authors  give  us  no  particulars  of  weather-proof 
transformers  suitable  for  use  in  the  open.  I  under- 
stand it  is  common  practice  in  Canada  to  install  both 
transformers  and  switchgear  without  any  protection 
whatever  from  the  weather.  No  mention  appears  to 
be  made  of  utilizing  the  latent  heat  of  vaporization  of 
water  in  dissipating  the  heat  due  to  losses  in  trans- 
formers. I  take  it  this  method  has  been  employed, 
but  presumably  the  success  attained  did  not  warrant 
the  giving  of  details  in  the  paper.  Personally  I  have 
never  favoured  three-phase  transformers,  owing  to  the 
difficulty  in  handling,  loss  in  efficiency,  and  greater  cost 
when  spares  are  taken  into  account.  There  is  certainly 
a  great  saving  in  lloor  space,  and  one  must  not  lose 
sight  of  the  fact  that  the  external  connections  in  the 
ca.se  of  single-phase  transformers  are  not  easy  to  deal 
■with,  and  are  indeed  a  costly  item.  Is  it  not  true 
that  there  is  a  greater  difference  in  the  case  of  a  three- 
phase  transformer  between  the  hottest  point  and  the 
average  temperature  of  the  oil  ?  On  page  556  (vol.  57) 
I  notice  the  authors  make  no  differentiation  between 
the  annual  charges  in  respect  to  iron  and  those  per- 
taining to  copper  losses.  An  old-time  figure  I  remember 
using  was  one  shilling  per  watt  for  iron  losses,  but  this 
was  based  on  considerably  under  Jd.  per  unit  for 
100  per  cent  load  factor  units.  If  we  take  the  authors- 
figure  of  |d.,  and  the  present-day  value  of  money,  the 
IS.  referred  to  becomes  something  like  2S.  8d.  per  watt. 
Now,  if  we  compare  the  single-phase  and  three-phase 
propositions  in  Table  4,  we  have  5  kw.  iron  loss  in 
favour  of  the  single-phase.  This  at  2S.  Sd.  per  watt  is 
equal  to  /666,  a  fairly  substantial  item,  amounting  as 
It  does  to  about  12  J  per  cent  of  the  cost  of  the  three- 
phase  transformers  and  being  more  than  adequate  to 
provide  the  extra  expense  of  external  connections. 
The  enormous  shrinkage  in  insulation  is  extremely 
interesting.  Although  I  quite  appreciate  a  certain 
amount  of  shrinkage  would  naturally  take  place,  I  had 
no  idea  it  was  of  such  a  large  order.     I  should  like  to 


know  if  the  factors  of  safety  are   very  much  lessened 
as  a  result  of  this. 

Major  E.  I.  David  :  In  connection  with  the  curves 
on  page  55°  (vol.  57),  I  observe  that  the  curves  for 
costs  of  self-cooled  transformers  assume  a  very  flat 
state  at  about  .5,000  k.v.a.,  which  is  an  important  point 
in  considering  larger  units.  The  weights  per  kilowatt 
also  increase  for  machines  over  3,000  k.v.a.  No  one 
is  going  to  install  larger  units  if  they  do  not  cost 
less  per  kilowatt  than  smaller  ones.  The  water- 
cooled  and  forced-cooled  curves  do  not  flatten  out 
until  well  over  20,000  k.v.a.  I  do  not  think  we 
shall  arrive  at  that  fiat  point  in  this  district  for 
some  time.  Reference  has  been  made  to  the 
Manchester -Salford  link  as  having  the  highest  voltage 
in  this  country.  In  this  district  we  have  a 
38,000-volt  system  (at  present  working  at  22,000  volts) 
connecting  two  large  power  schemes  at  a  distance  of 
10  miles,  namely,  the  line  between  Bargoed  and  Abera- 
man.  The  total  kilowatt  capacity  at  one  end  is 
16,000,  and  at  the  other  end  12,500.  This  system  of 
mains  is  being  extended  at  the  present  time,  and  when 
complete  will  form  a  triangular  system  consisting  of 
three  legs,  each  approximately  10  to  it  miles,  with 
feeding-in  and  feeding-out  stations  at  three  or  four 
points.  The  existing  line  has  induction  regulators, 
but  the  line  can  be  run  without  them,  as  it  is  possible 
to  transmit  power  when  the  voltage  of  the  transmitting 
station  is  less  than  that  of  the  receiving  station.  The 
regulators  are  not  necessary  except  to  maintain  the 
power  factor,  and  as  the  receivingstation  has  synchronous 
power-factor-improving  apparatus  and  also  a  large 
phase  advancer,  thej'  could  be  dispensed  with  in  this 
case.  In  connection  with  this  particular  system,  we 
have  installed  two  3,300-k.v.a.  three-phase  transformers 
at  each  end.  These  are  of  the  forced-cooled  type. 
There  is  one  point  which  apparently  has  not  occurred 
to  some  of  the  previous  speakers  in  connection  with 
forced  cooling,  namely,  the  enormous  losses  of  oil  to 
which  this  type  of  transformer  is  subject.  Our  make- 
up oil  in  one  3,300-k.v.a.  transformer  was  160  gallons 
for  three  months,  and  this  was  simply  leakage  of 
glands  and  pumps  in  the  pipe  range.  All  the  joints 
in  the  pipe  range  are  welded,  but  the  greatest  leakage, 
so  far  as  we  can  trace,  is  in  the  coolers.  It  is  necessary 
to  have  the  pressure  of  oil  greater  than  the  pressure 
of  water,  otherwife  there  is  leakage  of  water  into  the 
oil.  The  particular  cooler  we  use  is  supposed  to  be 
absolutely  immune  from  leakage.  The  tube  plates  are 
made  of  thick  metal  with  soldered  ends  to  ensure  a 
tight  job.  The  only  thing  we  can  assume  is,  that  there 
are  either  minute  pinholes  in  the  tubes  or  cracks  in 
the  tube  plates  or  in  the  joints.  If  the  make-up  oil 
is  going  to  be  160  gallons  in  three  months,  that 
represents  something  like  ;£i6o  worth  of  oil  a  year  for 
a  3,300-k.v.a.  unit.  The  forced-cooled  type  of  trans- 
former has  therefore  one  objection  which  should  be 
very  carefully  looked  into.  I  should  like  to  know  if  it 
is  the  custom  in  water-cooled  transformers  to  maintain 
the  pressure  of  water  less  than  the  pressure  of  the 
surrounding  oil,  and  how  this  can  be  done,  if  not  by 
some  system  of  suction.  With  regard  to  relative 
prices    of    three-phase    and    single-phase    transformers. 
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three  single-phase  self-cooled  units  would  be  about 
2^^  per  cent  higher  in  cost  than  one  water-cooled  three- 
plicise.  In  comparing  the  cost  of  installing  a  number 
of  single-phase  and  three-phase  units  of  corresponding 
capacity-,  the  cost  of  connections  is  in  my  opinion  one 
of  great  importance.  A  spare  three-phase  unit  would 
be  installed  complete  with  its  switchgear  and  pro- 
tective gear,  so  that  if  one  three-phase  unit  goes  down, 
one  has  simply  to  switch  in  the  spare.  It  can  be  used 
at  any  time,  allowing  frequent  cleaning  and  inspection 
of  the  other  transformers,  etc.,  which  this  paper  very 
rightly  advises.  A  spare  single-phase  unit  could  not 
be  installed  in  this  way,  as  it  has  to  be  a\-ailable  for  use 
with  a  number  of  sets  of  three,  and  would  have  to  be 
connected  up  by  a  system  of  linkage  or  loose  cables. 
It  is  therefore,  although  cheaper,  nothing  like  as  useful. 
The  question  of  rating  of  transformers  is  important, 
particularly  with  colliery  work,  as,  if  our  working  days 
are  to  be  made  shorter  than  at  present,  saj^  reduced 
to  6  hours,  all  our  transformer  loadings  will  have  to 
go  up  correspondingly.  Our  load  factor  is  at  present 
pretty  bad  ;  if  we  go  down  to  a  6-hour  day  it  will 
be  still  worse.  The  load  factor  taken  in  comparing 
costs  and  ratios  of  copper  and  iron  losses,  namely, 
70  per  cent,  is  very  high  ;  we  get  more  Uke  25  to  30  per 
cent.  It  is  a  very  interesting  figure  from  the  point  of 
view  of  substations,  but  hardly  comparative  for  work 
such  as  we  experience  in  this  district. 

Mr.  F.  S.  Carter  :  I  was  very  interested  to  hear 
the  authors'  remarks  about  handling  transformers 
when  filled  with  oil.  To  handle  transformers  under- 
ground when  the  cases  are  filled  with  oil  would  be  a 
very  difficult  matter,  o^^Tng  to  the  confined  space  one 
has  to  work  in  and  the  small  headroom.  Even  when 
handled  on  the  surface  where  there  is  plenty  of  head- 
room and  where  suitable  lifting  appliances  can  be 
used,  I  should  have  thought  the  strength  of  the  case 
would  have  been  against  lifting  them  complete.  Owing 
to  the.  great  difficulty  in  getting  transformer  cases 
oil- tight,  I  should  have  also  thought  that  to  lift  them 
complete,  including  the  oil,  would  have  strained  the 
cases  and  caused  oil  leakages.  I  have  not  had  experience 
with  large  transformers  such  as  are  referred  to  in  the 
paper.  The  largest  I  have  so  far  used  underground 
are  groups  of  three  120-k.v.a.  single-phase  transformers 
in  separate  cases,  coupled  up  in  delta  and  reducing 
from  3,000  volts  three-phase  to  550  volts.  These  I 
have  had  specially  designed  to  reduce  their  height  to 
suit  the  confined  headroom  met  with  in  underground 
conditions.  The  largest  transformers  I  ha\'e  on  the 
surface  are  a  group  of  three  200-k.v.a.  single-phase 
coupled  in  delta,  and  reducing  from  3,000  to  550  volts. 
I  am  about  to  install  a  number  of  groups  consisting  of 
three  i,ooo-k.v.a.  single-phase  transformers  in  separate 
cases,  coupled  in  delta/delta  to  step  up  from  3,000 
to  11,000  volts  and  also  to  step  down  from  11,000 
to  3,000  volts,  for  use  in  connection  with  overhead 
transmission  lines.  These  transformers  are  insulated 
so  that  they  can  be  coupled  in  star/delta  later,  to  raise 
the  voltage  to  about  19,000  and  Ukewise  reduce  from 
that  voltage  to  3,000  volts.  On  the  question  of  using 
three  single-phase  versus  one  three-phase  transformer, 
I  am  inclined  to  favour  the  three  single-phase  trans- 


formers in  separate  cases,  coupled  in  delta  for  the 
better  maintenance  of  the  supply.  That  is  the  system 
I  have  adopted. 

Mr.  C.  G.  Morley  New  :  \Mulst  many  comparisons 
are  given  in  the  paper,  I  see  none  in  regard  to  the  t>-pe 
of  connection  which  may  be  used.  The  authors  referred 
to  the  hnking-up  scheme  between  Manchester  and 
Salford,  and  the  desirability  of  standardization,  xnth 
which  I  quite  agree  ;  it  could  be  carried  much  farther 
with  transformers.  I  think  the  authors  said  they  had 
been  connected  with  the  scheme,  and  some  further 
information  would  be  useful.  There  maj-  be  some  special 
reason  why  the  transformers  at  one  end  are  delta-star 
connected  and  the  other  end  delta-delta  ;  also  at  one 
end  tivo  three-phase  3,000-k.v.a.  units  are  employed 
and,  at  the  other  end,  a  single-phase  bank  of  5,000  k.v.a. 
It  may  be  that  the  phase  relationship  existing  between 
the  stations  due  to  other  linking-up  settled  the  first 
point  and,  regarding  the  other,  the  connections  for  the 
single-phase  units  followed  as  a  matter  of  extra  security 
if  the  main  factor  was  merit  of  single-phase  versus 
three-phase  units.  In  any  case  it  seems  a  bad  start 
towards  standardization  in  what  the  authors  state  is 
the  first  33,000-volt  linking-up  in  this  country-,  ^^ith 
reference  to  iron  and  copper  losses  of  transformers 
I  think  it  is  a  pity  the  comparisons  which  are  carried 
out  to  some  extent  in  detail  were  not  qualified  in  the 
paper.  In  practice,  substation  transformers  get  moved 
about,  which  means  that  if  a  substation  is  cut  fine  as 
regards  capacity,  and  if  in  the  case  of  a  breakdown  it 
becomes  necessarj'  to  put  in  a  transformer  of  a  different 
make,  with  a  different  proportion  of  copper  and  iron 
losses,  parallel  running  is  upset  and  it  is  necessary 
to  put  in  larger  k.v.a.  capacity  to  meet  the  conditions. 
Makers  do  not  seem  incUned  to  give  specific  guarantees 
on  this  point,  even  for  their  own  design  of  transformer. 
I  think  there  is  room  for  standardization  in  regard  to 
the  ratio  of  these  particular  losses,  and  1  may  say  that 
in  inquiries  which  I  have  dealt  with,  except  for  trans- 
formers required  for  purely  residential  districts,  often 
used  singly  in  circuit  summer  and  winter  where  iron 
losses  are  specified  to  be  a  minimum,  makers'  standards 
are  usually  caUed  for.  I  was  interested  in  the  reference 
to  transformers  for  rotary  converters.  I  think  it  was 
only  in  recent  years  it  was  found  that  commutation 
was  affected  by  the  design  of  transformer.  I  have  in 
mind  a  set  which  is  not  as  good  as  it  might  be  in  this 
respect,  and  I  should  like  to  know  whether  the  reactance 
on  an  existing  transformer  could  be  altered  without 
ha\ing  to  modify  the  spacing  of  the  coils  and  taking 
the  whole  transformer  apart.  The  notes  under  the 
heading  "  Operation  and  Care  of  Transformer  Instal- 
lations "  are  very  practical  and  useful.  I  would,  how- 
ever, ask  the  authors  to  see  that  core-clamping  bolts 
can  be  tightened  up  without  ha\-ing  to  remove  the 
transformer  out  of  its  case.  I  have  had  experience 
where  this  was  necessar>'  on  account  of  the  bolts  turning. 
At  the  end  of  the  paper  it  is  stated  "  It  must  also  be 
borne  in  mind,  especially  under  present  conditions, 
that  the  attraction  of  higher  efficiency  may  be  obtained 
at  a  sacrifice  of  reUabUity  and  durabiUty."  I  think  a 
reason  might  be  given  for  this  statement. 

Mr.  A.  C.  Mc'Whirter  :    I  should  like  to  know  what 
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provision  the  authors  make  for  allowing  the  leads 
connecting  the  low-tension  side  of  transformers  to  take 
up  their  new  position  due  to  shrinkage  of  windings. 
I  have  experienced  serious  trouble  from  the  settling  of 
windings  of  the  pancake  type  where  the  low-  and  high- 
tension  windings  were  sandwiched.  This  was  on  a 
core-type  transformer  and  actually  caused  an  open 
circuit  on  the  low-tension  winding.  The  method  of 
clamping  windings  is  a  very  serious  problem,  especially 
in  the  core  type,  and  I  congratulate  the  authors  on 
their  dash-pot  method  to  overcome  this  difficulty,  and 
it  would  be  interesting  to  know  how  this  acts  in  actual 
practice.  Personally,  I  should  like  to  see  the  coils 
kept  under  pressure  by  a  coarse-pitch  screw,  which  could 
be  operated  by  a  clock-type  spring  under  tension. 
This  would  prevent  any  movement  of  windings  due  to 
heavy  surges.  From  a  repair  point  of  view  there  can 
be  no  doubt  that  the  core  type  is  much  the  simpler, 
and  coils  can  be  removed  and  replaced  in  a  very  much 
shorter  time  than  would  be  required  by  the  shell  type. 
On  the  other  hand,  I  believe  the  shell  type  will  run 
much  cooler  owing  to  the  coils  being  vertical,  allowing  the 
natural  circulation  of  the  oil  and  also  preventing  sludge 
gathering  on  the  windings.  I  have  seen  core-type  trans- 
formers with  pancake  coils  practically  filled  solid  with  sedi- 
ment between  the  windings,  which  must  necessarily  cause 
a  great  increase  in  temperature  within  the  windings. 

Mr.  J.  Wayne  Morgan  :  In  the  past  I  have  had  con- 
siderable trouble  with  regard  to  oil,  and,  if  larger  trans- 
formers are  to  come  into  use,  the  question  of  oil  should 
receive  very  special  consideration. 

Mr.  A.  G.  Ellis  {in   reply)  :   I   am  glad    to  see   the 
standpoint  taken  by  Mr.  Arthur  Ellis  as  to  the  relations 
between  the  buyers  and  suppliers  of  electrical  machinery 
and  apparatus.     It  is  always  best  for  buyers  to  specify 
what  they  want  to  achieve  and  leave  it  to  the  manu- 
facturers to  put  forward  what,   in  view  of  their  own 
experience   and   that  of  their  various  customers,   they 
know  will  best  meet  the  requirements.     The  designer 
is  often  hampered  by  conditions  in  a  specification  which, 
although   well   intentioned,    really   result   in   producing. 
a  less  reliable  piece  of  apparatus  than  would  be  the 
case  if  only  the  end  to  be  achieved  were  specified  and 
not  the  means  of  arriving  at  it.     In  connection  with 
the    point    raised    by    Mr.    Ellis    as    to    crane-capacity 
limitation,  it  is  quite  apparent  that  money  should  not 
be  stinted  on  the  crane  at  the  sacrifice  of  getting  the 
best  plant.     We  should  have  qualified  our  remarks  by 
referring  to  existing  central  stations  where  the  matter 
of  extensions  has  to  be  considered  involving  the  putting 
in  of  a  unit  many  times  the  size  of  the  unit  for  which 
the  station  was  originally  laid  down.     He  also  criticized 
our    figure    of   spare    plant,    nameh',    one    single-phase 
transformer  for  every  six  installed.     This  is  perhaps  on 
the   liberal   side,    but   the   comparison    for   three-phase 
is  on  the  same  basis,   and  we  intended  to  err  on  the 
side   of  reliabvHty.     There   is  a  tendency  for   electrical 
designers  to  forget  the  practical  end  of  the  job — i.e.  the 
mechanical,  or  reliability  question — in  reckoning  prim- 
arily with  electrical  considerations.     After  a  good  many 
years'   experience,   both  on  the  Continent  and  in  this 
country,   I  am  of   opinion   that  the  paramount  factor 
is  reliability  of  supply.     It  is  of  no  use  to  turn  out  a 


piece  of  apparatus  which  is  not  absolutely  efficient  and 
which  will  not  stand  up  to  the  job  for  more  than  a  year 
or  two.  I  am  very  glad  to  note  that  Mr.  Ellis  supports 
the  adoption  of  the  British  Standard  Rating,  because 
we  hope  soon  to  have  international  rules  which  practically 
correspond  to  the  present  British  Standard  Rules 
governing  electrical  machinery.  On  the  question  of 
switching  in,  also  raised  by  Mr.  Ellis,  we  must  be  guided 
by  the  experience  of  the  people  actually  doing  this  every 
day.  I  gather  that  the  point  of  criticism  was  as  regards 
damage  to  switch  contacts.  Our  remarks  on  this  point, 
which  are  governed  to  some  extent  by  theoretical 
considerations,  should  perhaps  have  been  qualified. 
Regarding  the  pooling  of  designs,  that  is  a  thing  we 
should  like  to  see  done,  and  there  are  movements  in 
this  direction  in  the  electrical  manufacturing  world 
even  to  the  extent  of  combination  of  Continental  and 
British  firms.  \N'hatever  may  be  said  against  such 
combinations,  they  certainly  have  the  advantage  that 
the  purchaser  will  have  the  best  technical  experience 
from  practically  all  countries.  Speaking  as  a  designer, 
I  should  like  to  see  that  occur,  because  all  electrical 
machinery  is  practically  alike,  and  it  is  only  in  matters 
of  small  detail  that  machines  differ.  The  British 
Engineering  Standards  Association  might  ultimately  do 
a  good  deal  in  the  direction  of  pooling  designs  and 
manufacturing  experience. 

With  regard  to  Mr.  Ellis's  remarks  on  the  question 
of  periodicity  and  Mr.  Chamen's  reply,  I  should  like 
to  say  that  the  paper  was  not  intended  to  raise  the 
periodicity  controversy ;  we  gave  the  comparative 
figures  for  alternative  periodicities  simply  to  show  the 
facts  of  the  case  as  a  guide  for  people  who  are  responsible 
for  laying  down  power  schemes  and  extending  existing 
ones.  As  Mr.  Chamen  said,  the  periodicity  question  as 
such  is  not  really  relevant  to  the  present  discussion. 
A  static  frequency  changer,  such  as  Mr.  Chamen  referred 
to,  is  a  piece  of  apparatus  much  sought  after.  As 
far  as  I  know,  only  one  invention  exists,  covered  by  a 
patent  of  which  I  cannot  remember  particulars  of 
date  and  number.  It  is  a  three-phase  core-type 
transformer  with  three  legs  and  a  neutral  leg.  The 
core  is  run  at  very  high  saturation  to  obtain  a  third 
harmonic  flux  in  the  neutral  leg.  This  produces  a 
secondary  frequency  in  a  winding  placed  on  the  neutral 
leg,  of  three  times  the  primary  frequency.  The  efficiency 
of  the  apparatus  is  necessarily  very  low,  but  the  idea 
is  there  in  principle  as  a  possible  basis  for  a  static 
frequency  changer. 

Mr.  Chamen  asked,  quite  rightly,  if  the  spring  adjust- 
ing device  for  following  up  the  shrinkage  of  coils  in 
transformers  had  been  tested  in  practice.  A  number 
of  these  transformers  such  as  were  illustrated  on  the 
screen  have  been  running  on  a  very  large  installation 
and,  as  far  as  I  know,  no  trouble  has  been  experienced 
with  them.  It  certainly  seems  better  to  have  a  spring 
to  follow  up  the  shrinkage  than  to  keep  on  tightening 
by  hand,  or  to  risk  short-circuit  through  neglect  to  do 
so.  As  regards  the  dash-pot  attachment,  this  is  an  inno- 
vation. There  are  many  under  construction,  but  none 
actually  in  service."*   Good  results  are,  however,  hoped  for. 

•  Since  tlie  date  of  this  discussion  a  number  of  transformers  buWt  to  this 
design  have  been  put  into  service  with  satisfactory  results. 
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Mr.  Newman  asked  about  variation  of  prices  of  trans- 
formers since  the  date  the  paper  was  written.  Prices 
have  certainly  gone  up  due  to  increases  in  cost  of  labour 
and  material.  The  main  object  of  the  cur\-es  is  to 
show,  however,  that  they  are  comparative,  while  being 
approximately  correct  for  rough  estimates  in  getting 
out  schemes.  Regarding  road  transport,  I  do  not  think 
there  is  much  advantage,  if  any,  over  rail  transport. 
We  attempted  to  transport  some  heavy  machinery  from 
Manchester  to  Sheffield  on  a  5-ton  lorry  some  time 
ago.  The  lorry  turned  over  and  killed  three  men. 
I  think,  however,  the  engineering  limiting  factor  in 
regard  to  road  transport  is  the  bridges,  very  few  of  which 
are  built  to  carr^-  as  much  as  20  to  30  tons.  A  member 
of  the  Institution,  when  discussing  this  paper  at  New- 
castle, suggested  that  the  solution  of  the  transport 
difficulty  was  bj-  making  use  of  the  airship. 

With  regard  to  drydng  out  transformers  on  site,  it 
is  true  that  they  absorb  moisture  even  after  being 
dried  out  at  the  works.  It  depends  entirely,  however, 
on  how  long  they  are  en  route  and  standing  about, 
as  to  whether  drying  out  on  site  is  necessary.  If  they 
are  installed  within  a  day  or  two  of  their  arrival,  after 
having  been  dried  out  at  the  maker's  works  and  trans- 
ported in  oil  expeditiously,  it  should  be  quite  safe  to 
put  the  transformers  into  servdce  without  further  drj-ing, 
thus  avoiding  considerable  trouble  and  expense.  The 
question  of  weatherproof  transformers  is  not  touched 
•upon  in  the  paper,  and  might  almost  form  the  subject 
of  a  separate  paper.  At  present  not  much  is  done  in 
England  with  regard  to  them  except  in  small  units, 
but  in  America  they  are  built  up  to  100,000  volts  and 
used  to  a  large  extent. 

Regarding  condensed  latent-heat  vaporization  of 
water  for  cooling,  a  patent  has,  I  believe,  been  taken 
out,  but  there  are  no  practical  results  from  it  yet. 

On  the  question  of  hot  spots  and  relative  cooling 
merits  of  the  shell-type  and  core-tj'pe  transformers, 
I  consider  the  cooling  to  be  rather  better  in  the  shell 
type  by  reason  of  the  vertical  ducts  through  which 
the  oU  can  flow,  giving  generally  better  oil  circulation. 
In  the  core-tj-pe  windings,  if  one  can  wind  the  coUs 
as  single-layer  coils  and  of  very  thin  depth,  one  can 
achieve  the  same  result,  but  it  is  not  always  possible 
to  adopt  this  design  of  coil. 

Mr.  Newman  criticized  the  annual  charges  for  copper 
and  iron  losses.  It  seemed  to  us  that  all  losses  that  go 
through  a  substation  are  charged  up  at  the  same  rate, 
because  the  losses,  as  such,  can  have  very  little  effect 
on  the  load  factor  of  the  substation.  If  the  premises 
of  the  paper  are  not  clear  they  should  of  course  be 
qualified,  but  I  think  the  point  of  view  that  the  copper 
and  iron  losses  have  very  little  effect  on  the  load  factor 
of  the  whole  substation  is  right.  Mr.  Newman  also 
Suggested  that  shrinkage  of  the  windings  reduces  the 
safety  factor.  That  is  certainly  so.  It  is  dangerous 
not  to  follow  it  up.  It  was  the  necessity  for  doing  this 
that  led  manufacturers  to  devise  springs  to  take  up  the 
shrinkage  of  insulation  automatically,  or  rather  these 
devices  have  really,  in  effect,  been  demanded  from  the 
buying  end.  My  experience  is  that  the  hand-screw 
adjustment  for  insulation  shrinkage  was  verj-  seldom 
tightened  during  ser\'ice,  only,  in  fact,  when  the  trans- 


former might  be  under  inspection  or  when  it  had  broken 
down — probably  due  to  the  neglect  in  hand  tightening. 
I  am  very  glad  that  Major  David  remarked  that 
the  weight  curves  (Fig.  4)  turned  upwards  at  the  higher 
ratings.  It  may  seem  a  remarkable  thing,  but  it  is  the 
fact  that  in  self-cooled  transformers  bej-ond  5,000  k.v.a. 
the  weight  per  kilovolt-ampere  actually  increases  with 
the  rating.  The  reason  is,  that  in  cooling  such  a  large 
piece  of  apparatus  the  weight  of  the  tank  and  also  the 
volume  of  oil  increase  at  a  very  rapid  rate.  This  is 
practically  where  we  reach  the  reasonable  limit  for 
self-cooled  transformers.  With  regard  to  the  33,000- 
volt  transmission  line  in  South  \\'ales,  referred  to  by 
Major  David,  I  was  under  the  impression  that  the 
Manchester-Salford  33,000-volt  interlinking  was  the 
highest  voltage  in  use  in  this  country,  and  that  the  line 
referred  to  by  Major  David  was  designed  for  33,000 
volts,  but  was  meanwhUe  working  at  20,000  volts. 
[Major  David  :  That  is  so.]  It  is  very  interesting  to 
hear  that  voltage  regulators  are  considered  unnecessary. 
A  few  j'ears  ago,  when  interlinking  was  being  con- 
sidered, it  was  laid  down  that  there  must  be  voltage 
regulators  to  adjust  power  factor.  ISIajor  David's 
reference  to  losses  of  oil  in  forced-cooled  transformers 
is  very  surprising.  Even  taken  as  a  percentage  of  the 
total  oil  used,  the  oil  losses  he  mentioned  are  more 
serious  than  anything  I  have  previously  heard  of. 
I  should  be  inclined  to  attribute  them  to  defective 
workmanship  in  the  cooler,  probably  fa  the  tube  joints, 
although  these  coolers  are  supposed  to  be  tested  under 
severe  pressure.  Keeping  the  oil  pressure  up  Ln  a  forced 
cooled  installation  is  a  necessity  to  ensure  that  any 
leakage  in  the  coolers  is  not  a  leakage  of  water  into 
the  oil.  The  prices  stated  by  ^lajor  David  for 
2,000-k.v.a.  tranformers  correspond  fairly  well  to  the 
curves  given  in  the  paper.  Major  Daxdd  also  referred 
to  the  question  of  three-phase  versus  single-phase 
installations.  Most  of  the  discussion  on  that  point 
shows  that  opinions  differ  considerably,  and  the  question 
is,  in  the  end,  governed  largely  by  local  conditions. 
The  attractive  feature  of  the  three-phase  transformers 
with  a  spare  is  that  the  spare  can  be  put  in  readily. 
But  for  small  installations  one  cannot  always  afford 
to  adopt  this  course.  With,  say,  2,000  k.v.a.  installed, 
to  have  two  i,ooo-k.v.a.  sets  and  one  i,ooo-k.v.a.  spare 
is  an  expensive  proposition.  To  reduce  the  percentage 
of  spares  it  would  be  necessary  to  put  in,  say,  four 
500-k.v.a.  three-phase  transformers  with  one  500  k.v.a. 
as  spare.  This  was  the  point  in  making  the  analysis 
in  the  paper,  and  it  led  to  the  conclusion  that  in  small 
substations  one  is  better  off  with  single-phase  sets,  and 
in  larger  ones  with  three-phase  sets.  The  connections 
do  not  present  a  serious  problem.  With  a  group  of 
three  single-phase  transformers,  one  can  easily  make 
a  star  connection  with  the  spare  and  then  proceed  as 
though  one  had  a  three-phase  transformer.  To  replace 
one  of  the  group  when  a  breakdown  occurs  is  sometimes 
a  none  too  easy  matter. 

Mr.  Carter  spoke  of  transformers  for  colliery  work 
below  the  surface.  There  are  several  designs  of  trans- 
formers of  particularlj'  robust  construction  intended  for 
working  below  the  surface,  and  they  are  practically 
oil-tight,   so  that  it  would  be  quite  safe  to  fill  them 
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on  the  surface  and   take  them  down  without  risk  of 
oil  splashing  and  leaking. 

Mr.  New  referred  to  the  type  of  connections.  This 
is  a  very  big  subject  and  has  been  dealt  with  in  several 
papers  before  the  American  Institute  of  Electrical 
Engineers.  To  deal  with  it  adequately  would  be  im- 
possible in  the  present  discussion.  With  regard  to  the 
Manchester-Salford  interlinking,  it  may  appear  curious 
that  one  end  of  the  line  has  a  group  of  three  single- 
phase  5,ooo-k.v.a.  transformers  and  the  other  end  3,000- 
k.v.a.  three-phase  transformers.  The  single-phase  group 
carries  one  spare.  The  reason  that  the  Manchester 
end  has  three-phase  transformers  is  that  the  Man- 
chester end  is  a  bigger  system  and  three-phase  3,000-k.v.a. 
transformers  may  be  a  standard  size  there  in  appreciable 
numbers.  Regarding  the  actual  connections  in  the 
Manchester-Salford  interlinking,  delta/delta  was,  I 
believe,  put  in  at  the  Salford  end  for  facility  of  taking 
one  transformer  out  in  case  of  necessity  and  running 
the  remaining  two  temporarily  connected  in  open 
delta  ;  and  star/delta  connections  were  chosen  for  the 
other  end,  as  these  were  the  standard  connections  for 
the  system.  On  the  question  of  parallel  running,  I 
was  rather  surprised  to  hear  Mr.  New  say  that  he 
could  not  get  the  manufacturers  to  guarantee  that  his 
transformers  would  run  in  parallel.  I  always  under- 
stood it  was  usual  to  guarantee  that  any  transformer 
of  one  make  will  run  in  parallel  with  a  transformer  of 
an}-  other  make,  subject  to  restrictions  as  to  proper 
division  of  load,  and  makers  will  generally  undertake 
that  transformers  of  their  own  manufacture  will  run 
in  parallel  where  the  ratio  of  rated  output  is  anything 
up  to  5  :  I.  That  is  to  say,  100  k.v.a.  will  parallel  with 
500  k.v.a.  but  not  with  1,000  k.v.a.,  which  is  of  course 
reasonable.  The  present  tendency  is  for  standards  of 
various  transformer  manufacturers  to  merge  in  regard 
to  reactance  recommended  and  general  performance, 
and  I  think  it  will  be  found  without  doubt  that 
different  makes  do  approximate  to  one  another  in  these 
respects.  The  main  difficulty  in  parallel  operation  is 
where  new  transformers  have  to  be  fitted  in  with  old 
ones.  Probably  the  old  ones  have  a  low  percentage 
reactance  compared  with  the  new  ones,  fhus  giving 
an  unsatisfactory  job,  suggesting  the  necessity  of 
scrapping  the  old  ones  or  putting  in  reactances  in  series 


with  the  old  transformers.  With  regard  to  high- 
reactance  transformers  for  rotary  converters,  I  am 
afraid  that  to  increase  the  reactance  on  an  existing 
transformer  of  this  type  would  involve  pulling  it  to 
pieces  and  altering  or  reconstructing  it. 

Mr.  New  criticizes  the  sentence  at  the  end  of  the  paper : 
"  It  must  also  be  borne  in  mind,  especially  under  present 
conditions,  that  the  attraction  of  high  efficiency  may  be 
obtained  at  a  sacrifice  of  reliability  and  durability." 
That  sentence  may  not  have  conveyed  exactly  what  was 
intended,  but  what  is  meant  is  that  if  high  efficiency 
is  specified  for  a  transformer,  it  can  be  obtained  by 
cutting  the  insulation  down,  and  it  is  of  this  practice 
we  wish  to  register  our  disapproval.  It  is  unsound 
practice  to  attempt  to  get  an  extra  o  •  i  per  cent  or 
0-2  per  cent  efficiency  by  cutting  the  insulation  down 
and  turning  out  a  nauch  less  reliable  job. 

Mr.  McWhirter  referred  to  the  question  of  leads 
laetween  coils  and  terminals  where  arrangements  are 
made  for  following  up  the  shrinkage  of  coils.  We 
have  generally  allowed  for  that,  in  high-tension  windings, 
by  putting  in  a  piece  of  flexible  connection  between 
the  porcelain  terminal  and  the  top  of  the  coil.  In 
low-tension  coils  the  question  hardly  arises,  because 
low-tension  windings  generally  have  few  turns,  with 
a  big  mass  of  copper,  so  that  the  percentage  of  the 
length  liable  to  shrinkage  is  only  about  15  per 
cent. 

On  the  question  of  butt-jointed  yokes  in  core-type 
transformers,  to  lift  the  yoke  off  to  get  at  the'  coils 
would  appear  to  be  an  easy  matter,  but  it  generally 
has  other  disabilities.  The  special  construction  increases 
the  iron  losses  in  the  core  by  about  15  per  cent.  With 
interleaved  (lap)  joints  with  the  punchings  sandwiched 
together,  the  pulling  out  and  putting  together  is  not  as 
formidable  as  it  would  appear  to  be,  for  the  reason 
that  nowadays  the  punchings  are  put  up  in  packets 
of  several  plates  together,  so  that  one  can  take  hold 
of  the  plates  in  each  packet  and  pull  them  out  together, 
reducing  the  labour  and  time  considerably  below  what 
what  was  necessary  to  handle  them  singly. 

I  agree  with  Mr.  Wayne  Morgan  that  the  question 
of  oil  is  a  very  important  one,  and  a  special  paper 
before  the  Institution  dealing  with  transformer  and. 
switch  oil  would  be  very  useful  at  the  present  time. 
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Mr.  M.  R.  Gardner   (comniunicaled)  :    I  should  like 
to  congratulate  the  author  on  the  extremely  lucid  manner 
in  which  he  has  dealt  with  a  somewhat  complex  subject. 
The  \ector  diagrams  enable  one  to  see  at  a  glance  what 
is  happening  in  each  part  of  a  track  circuit  and  also  to 
view  it  clearly  as  a  whole.     They  also  show  very  clearly 
the  progress  that  has  been  made  in  recent  j'ears,  and 
emphasize  the  great  improvements  obtainable  by  the 
use  of  resonated  impedance  bonds  and  two-element  vane 
relays.     Until  a  few  years  ago,  double-rail  alternating- 
current    track    circuits    were    usually    equipped    with 
ordinarj^    impedance    bonds    and    single-element    vane 
relays.     Although  the  operating  current  of  these  relavs 
averaged  about  4  amperes,  the  total  current  consumption 
of  such  a  track  circuit,  about  1,000  ft.  long  and  under 
good   conditions   of  ballast  resistance,  averaged   about 
16  amperes  with  the  track  clear,  due  to  the  low  impedance 
of  the  ordinary-  inapedance  bonds.     Fig.  13  shows  that, 
by  the  use  of  resonated  impedance  bonds  and  a  two- 
element  vane  relay,   it  is  possible  to  reduce  the  total 
consumption    to    o-gi    ampere    with    the    track    clear. 
This  is  a  most  marked  improvement  as,  besides  reducing 
the   operating   costs   and   the  necessary  sizes'  of  track 
connections,  (etc.,  it  gives  the  important  advantage  of 
enabling  higher  track-shimt  values  to  be  obtained.     The 
high  current  consumption  and  low  shunt  value  of  alter- 
nating-current tracks  in  the  past  has  acted  as  a  deterrent 
to  their  adoption  in  situations  where  they  would  other- 
wise be  of  benefit.     On  electrified  lines  using  the  running 
rails  for  the  traction  current  they  are,  of  course,  necessarj-. 
On  other  lines,  both  steam  and  electric,  they  are  very 
desirable,  and  as  their  energy^  consumption  is  lowered 
and  their  track  shunt  value  raised  they  will  doubtless 
be    more    widely    used.     With   reference    to    single-rail 
track  circuits,   the  author  has  described  a  method  of 
preventing  the  track  relay  from  being  rendered  inoper- 
ative by  the  direct  current  flowing  in  the  parallel  path 
shown  in  Fig.   30.     \\Tien   a  short-circuit  occurs  on  a 
train,  or  on  the  traction  current  rails,  the  direct  current 
in  the  parallel  path  may  become  excessive.     In  general, 
due   to   the   operation    of   circuit-breakers,    this   excess 
persists  for  a  very  short  inter\-al  of  time  and  has  no 
deleterious  effect  on  the  track  relay  other  than  causing 
it  momentaril)'  to  release.     Where,  however,  the  track 
feed  resistance  consists  of  thermal  regulators,  these  are 
apt  to  be  burnt  out,  thus  putting  the  track  circuit  out 
of  operation.     This  will  result  in  a  signal  failure  on  the 
"safe"   side,   but  it  will  cause  traffic  delays.     A  coil 
of  high  impedance  and  low  resistance  connected  across 
the  track  rails  at  the  feed  end  of  the  track  circuit  will 
prevent  this  trouble  to  some  extent,  but  will  have  the 
disadvantage    of    increasing    the    normal    current    con- 
sumption  of  the  track  circuit  and   altering  its  power 
factor.     The  case  cited  above,  though  an  abnormal  one, 
is  unfortunately  by  no  means  rare,  and  when  it  does 

*  Paper  by  Mr.  L.  H.  Peter  (see  page  491). 


occur  causes  considerable  delay.  This  difficulty  does 
not  arise  with  double-rail  track  circuits  equipped  with 
impedance  bonds.  Were  it  feasible  to  introduce  a 
condenser  into  the  track  feed,  the  direct  current  could 
be  entirely  elinxinated  from  the  transformer,  but,  with 
the  track  voltages  and  currents  at  present  in  use,  the 
capacity  of  such  a  condenser  would  make  it  prohibitive. 
As,  however,  traction  short-circuits  have  always  to  be 
reckoned  with,  I  should  be  interested  to  learn  what 
the  author  considers  the  best  means  of  overcoming 
this  difficulty.  In  Fig.  27  the  author  showed  a  method 
of  feeding  the  track  circuit  through  a  capacity  and 
inductance  in  series.  This  enables  a  reduction  to  be 
obtained  in  the  amount  of  current  taken  by  the  track 
when  it  is  shunted,  and  also  gives  a  change  of  phase 
angle  to  a  poorer  relay-operating  value.  Both  these 
methods  result  in  a  higher  track  shunt  value  being 
obtainable,  which  is  of  distinct  advantage.  The  latter 
method  of  feeding  will,  of  course,  give  no  protection 
against  the  direct-current  trouble  referred  to  above, 
as  the  capacity  and  inductance  are  connected  in  the 
primarj-  of  the  track  transformer.  Judging  from, 
the  progress  that  has  been  made  in  the  last  few  years 
I  consider  that  the  future  before  alternating-current 
track  circuiting  is  most  encouraging  and  that  this  paper 
will  prove  to  be  a  valuable  addition  to  the  literature 
on  the  subject. 

Mr.  L.  H.  Peter  {in  reply,  communicated)  :  Mr. 
Gardner  has  referred  to  the  use  of  impedance  coUs 
connected  across  the  feed  transformer  as  a  means  of 
protecting  thermal  regulators  during  periods  of  direct- 
current  short-circuits.  This  method  is  referred  to  on 
page  504  of  the  paper.  These  impedance  coils  afford 
protection  at  the  feed  end,  but  tend  to  pass  an  additional 
direct  current  which  must  also  be  carried  by,  or  shunted 
past,  the  relay,  hence  it  may  be  necessary  to  provide 
impedance  coils  both  at  the  feed  end  and  at  the  relay 
end  of  the  track  circuit.  If  this  method  of  protecting 
against  direct-current  short-circuits  is  adopted,  the 
shunting-out  point  of  the  track  circuit  is  materially 
lowered.  The  author  prefers  the  other  method  men- 
tioned on  page  504,  namely,  keeping  the  resistance 
of  the  alternative  direct-current  path  formed  by  the 
feed  resistance,  transformer  winding,  section  rail  and 
relay,  high  enough  to  prevent  excessive  direct  current 
through  the  regulating  resistance.  A  few  years  ago 
this  method  was  practically  impossible,  as  the  com- 
paratively heavy  currents  required  by  the  alternating- 
current  relays  then  in  use  would  have  necessitated  a 
large  regulating  resistance  and  a  very  high  watt  dissi- 
pation in  the  track  feed  case.  Nowadays,  the  small 
current  required  for,  say,  the  two-element  vane  relay 
allows  a  high  ohmic  resistance  to  be  inserted  in  the 
track  feed  without  causing  high  watt  dissipation,  and 
this  high  ohmic  resistance  affords  all  protection  neces- 
1   sary  against  traction  short-circuits. 
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DISCUSSION    ON 
"  A    PRACTICAL    METHOD     OF     HARMONIC    ANALYSIS."  * 


Mr.  A.  E.  Clayton  (communicated)  :  The  study  of 
the  wave-shapes  occurring  in  alternating-current  work 
is  of  such  great  importance,  that  any  attempt  to  im- 
prove the  methods  of  the  analysis  of  such  wave-forms 
is  to  be  welcomed.  Mr.  Kemp's  paper  is,  in  addition, 
of  interest  as  it  emphasizes  the  fact  that  any  mathe- 
matical method  of  harmonic  analysis  based  upon  a 
limited  number  of  selected  ordinates,  such  as  the 
original  Perry  method,  or  its  simplification  by  Runge, 
or  the  adaptation  of  Runge's  method  to  the  case  of 
odd  harmonics  only,  as  set  forward  by  Thompson, 
does  not  give  correct  results  under  certain  conditions. 
In  some  respects,  however,  the  paper  is  a  little  dis- 
appointing. To  obtain  the  various  multiplying  factors, 
two  sets  of  nine  simultaneous  equations,  containing 
the  various  factors,  are  used  involving,  as  one  may 
well  imagine,  "  considerable  initial  labour."  This 
labour  would  appear  to  be  unnecessary,  as  the  constants 
are  exactly  those  which  would  be  used  in  the  ordinary 
Perry  method  or  any  of  its  modifications,  namely, 
one-ninth  of  sin  5°,  of  sin  15°,  of  sin  25°,  etc.,  the 
ordinates  being  erected  at  5°,  15°,  25°,  etc.  In  fact, 
the  chief  point  of  difference  that  is  apparent  between  the 
method  of  analysis  put  forward  by  the  author  and 
the  Thompson  method,  would  appear  to  lie  in  the  fact 
that  the  ordinates  are  erected  at  these  angles,  instead 
of  at  10°,  20°,  30°,  etc.  In  certain  cases  it  is  true  that 
by  basing  calculations  upon  the  mid-ordinates  more 
accurate  results  are  obtained  than  by  using  the  normal 
method  ;  but  it  is  equally  true  that  in  other  cases  the 
use  of  mid-ordinates  will  give  rise  to  a  greater  error 
than  the  normal  method.  It  is  not  possible  to  enter 
fully  here  f  into  the  magnitude  of  the  errors  that  are 
likely  to  arise  in  practice  by  the  use  of  Thompson's 
method  of  analysis.  It  may  be  stated,  however,  that 
for  the  wave-shapes  normally  met  with,  the  theoretical 
accuracy  of  the  method  is  very  much  greater  than  the 
accuracy  of  the  necessary  measurements  is  likely  to 
be,  and  that  the  average  error,  i.e.  averaged  over  a 
number  of  waves  of  different  form,  will  be  much  the 
same  whether  the  mid-ordinate  or  the  normal  method 
is  used.  Taking  as  examples  the  three  simple  wave- 
forms represented  respectively  by  : 

(i)  «!  =  100  sin  /)  /  +  5  sin  35  j^  /  —  5  sin  37  ^ ; ; 

(2)  02  =  100  sin  p  t  +  5  sin  ^5  p  t  —  5  sin  yi  p  i  ; 

(3)  Sj  =  100  sin  p  t  +  5  sin  :i5  p  i  +  5  sin  ji  p  t. 

For  the  first  of  these  waves,  when  the  half  period  is 
divided  into  18  parts,  an  error  of  10  per  cent  will  occur 
in  the  value  deduced  for  the  amplitude  of  the  funda- 
mental for  both  the  normal  and  the  mid-ordinate 
methods.  For  the  second  wave,  the  value  deduced  for 
the  amplitude   of  the   fundamental   is   correct   for   the 

•  Paper  by  Mr.  Kemp  (see  Supplement  to  vol.  57,  page  85). 

t  I  am  contributing  to  the  Journal  (vol.  59)  a  short  paper  dealing  with  the 
accuracy  of  the  Perry  method,  and  also  of  its  Runge  and  Thompson 
simplilicationSf 


normal  method,  and  has  an  error  of  10  per  cent  for  the 
mid-ordinate  method.  For  the  third  wave,  the  mid- 
ordinate  method  gives  correct  results,  and  the  normal 
method  has  an  error  of  10  per  cent.  Compared  with 
the  Thompson  method,  too,  the  use  of  mid-ordinates 
is  in  the  nature  of  a  retrograde  step,  since  by  using 
mid-ordinates  it  is  no  longer  possible  to  group  the 
"  supplementary  "  harmonics  (the  ist  and  17th,  3rd 
and  15th,  etc.),  and  the  full  number  of  multiplications 
has  to  be  carried  out  for  each  indivddual  harmonic. 
The  author's  choice  of  ordinates  therefore,  instead  of 
reducing  the  labour  involved  in  the  harmonic  analysis 
of  wave-forms,  considerably  increases  it  over  that 
necessary  for  Thompson's  adaptation  of  Runge's 
method,  since  twice  as  many  multiplications  are  re- 
quired. In  addition,  for  the  analysis  of  pressure  waves, 
waves  normally  containing  only  sine  terms,  the  use  of 
mid-ordinates  really  necessitates  the  division  of  the 
half  period  into  twice  as  many  parts  as  the  number  of 
ordinates  utilized,  in  order  that  the  ordinates  may  be 
correctly  placed.  This  is  a  matter  of  some  difficulty 
when  1 8  ordinates  are  used. 

Mr.  P.  Kemp  (in  reply,  communicated)  :  The  relative 
amount  of  labour  involved  in  working  out  analyses 
by  the  method  under  discussion  and  by  other  methods 
is  questioned  by  Mr.  Clayton.  The  solving  of  the 
various  simultaneous  equations  may  be  compared  with 
the  evaluation  of  a  table  of  logarithms,  both  of  which 
processes  require  "  considerable  initial  labour."  The 
schedule  given  in  the  paper  enables  a  person  to  analyse 
a  wave-form,  just  as  a  table  of  logarithms  enables  him 
to  work  out  certain  calculations,  although  he  may 
not  understand  the  process  in  either  case.  In  other 
words,  the  actual  work  may  be  put  out  to  a  junior, 
so  that  the  method  may  be  considered  to  be  a  labour- 
saving  device  from  the  point  of  view  of  the  engineer.  I 
do  not  agree  that  the  labour  is  increstsed  in  an  actual 
evaluation,  as  groupings  of  ordinates  would  be  employed 
in  this  method  in  the  3rd,  9th,  and  15th  harmonics, 
so  that  the  full  number  of  multiplications  need  not 
be  carried  out.  With  reference  to  the  question  of 
accuracy,  it  is  true  that  a  limit  is  imposed  by  the 
accuracy  of  the  experimental  observations,  but  surely 
increased  accuracy  in  the  analysis  is  not  in  itself  a 
disadvantage.  The  examples  chosen  by  Mr.  Clayton 
are  very  severe  tests,  as  a  wave  containing  a  5  per 
cent  71st  harmonic  is  a  most  extraordinary  one,  and 
considering  that  the  constants  used  are  only  intended 
to  analyse  a  wave  up  to  the  17th  harmonic,  I  think 
it  is  very  good  that  the  error  should  be  as  low  as  10  per 
cent.  The  present  method  could,  of  course,  be  extended 
to  include  harmonics  higher  than  the  17th  by  the  aid 
of  a  larger  number  of  ordinates  and  the  use  of  a  different 
set  of  constants.  In  this  way  the  fundamental  could 
be  more  accurately  determined  in  the  case  of  a  wave 
showing  pronounced  higher  harmonics. 
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THE    USE    OF    VACUUM    TUBES    FOR     WIRELESS     TRANSMISSION     AND 
THE    RECEPTION    OF    CONTINUOUS    WAVES. 


By  John  Scott-T.\gg.'\rt,  Student. 

{Abstract  of  paper  read  before  the  Students'  Section,   i6  April,   ic2c.) 


The  present  paper  is  intended  to  cover  briefly  the 
use  of  vacuum  tubes  for  the  transmission  and  reception 
of  continuous  waves  in  wireless  telegraphy.  It  is 
proposed  to  divide  the  subject  into  two  parts  : 

(i)  The  use  of  vacuum  tubes  or  valves  in  generating 

circuits. 
{2)    Some   modern    methods    employed   for   receiving 

continuous-wave  signals  by  using  the  heterod\Tie 

principle. 

Actual  working  examples  will  be  given  and  these 
will  include  several  devices  and  circuits  which  the 
author  has  designed  and,  in  some  cases,  patented. 

Vaccum  Tube  Traxs.missiox. 

The  subject  of  three-electrode  vacuum  tubes  or 
triodes  (a  term  suggested  by  Dr.  \V.  H.  Eccles)  has 
been  dealt  with  by  Mr.  R.  L.  Smith-Rose  in  a  paper  * 
read  before  the  Students'  Section,  and  it  will  therefore 
not  be  necessary  here  to  treat  of  the  now  well-known 
principles  of  the  vacuum  valve  except  in  so  far  as  con- 
cerns the  present  branch  of  the  science. 

The  three-electrode  vacuum  tube  consists  essentially 
of  an  evacuated  bulb  containing  three  electrodes,  a 
cathode  consisting  of  a  filament  heated  to  incandescence 
by  means  of  a  battery,  an  anode  usually  in  the  form 
of  a  metal  plate  surrounding  the  filament,  and  a  grid 
which  usually  takes  the  form  of  a  spiral  of  wire  surround- 
ing the  filament  and  placed  between  the  filament  and 
plate.  The  incandescent  filament  emits  electrons  which 
may  be  drawn  to  the  plate  bv  applying  a  positive 
potenrial  to  the  latter.  This  may  be  done  by  connecting 
a  batter^'  across  the  filament  and  plate.  The  resulting 
plate  current  maj-  be  varied  by  altering  the  potential 
of  the  grid  with  respect  to  the  filament.  A  positive 
potential  on  the  grid  will  cause  a  marked  increase  in 
the  plate  current,  while  a  negative  potential  will  cause 
the  grid  to  repel  electrons  on  their  way  to  the  anode, 
thus  decreasing  the  plate  current. 

A  three-electrode  \alve  is  capable  of  generating  oscil- 
lations. A  simple  theoretical  circuit  is  shown  in  Fig  1. 
Here  we  have  a  plate  oscillator^'  circuit  L  Cj  coupled 
to  a  grid  oscillatory  circuit  R.  On  switching  on  the 
filament  current  a  rush  of  current  flows  through  L  and 
sets  up  oscillations  in  L  Cj.  Normally  these  oscillations 
would  die  out  owing  to  the  wastage  of  energy  in  the 
circuit.  By  coupling  R  to  L,  however,  the  magnified 
oscillations   in   R   retroact   on   the   original   oscillations 
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in  L  and  maintain  them  by  compensating  for  the 
energj'-  losses  in  L  Cj.  The  operation  of  the  circuit  is 
comparable  with  that  of  a  swinging  pendulum,  which 
would  normally  come  to  rest.  By  giving  the  pendulum 
taps  at  the  right  moment,  it  is  possible  to  overcome 
the  losses  due  to  friction  and  maintain  the  swing  of 
the  pendulum. 

If  the  coupling  between  R  and  L  is  less  than  a  critical 
value  the  vacuum  tube  will  not  oscUlate  of  its  own 
accord.  Any  oscillations  momentarily  set  up  in  L  Cj 
will,  however,  die  out  much  more  slowly  than  if  the 
phenomenon  of  retro-action  were  not  employed. 

Many  modifications  of  the  circuit  are  possible.  The 
retro-actor  coil  R  is  shown  aperiodic,  but  if  desired 
a    \ariable    condenser   might   be   connected    across    it. 


V 


--^T-^^t 


Fig.   I. 


In  the  case  of  wireless  transmission  circuits  it  is  custom- 
ary to  couple  the  plate  oscillaton,'  circuit,  in  which  the 
main  power  is  developed,  directly  or  indirectly  to  the 
aerial.  Frequently  the  capacity  of  the  aerial  replaces 
in  part  or  in  whole  the  condenser  of  the  plate  oscillatory 
circuit.  In  this  case  the  giid  oscillatory  circuit  is 
usually  aperiodic,  although  a  sUght  increase  of  efficiency 
is  sometimes  obtained  by  tuning  this  circuit  with  the 
aid   of  a  condenser. 

It  is  rather  outside  the  scope  of  this  paper  to  enter 
into  the  deeper  theoretical  studies  of  the  oscillating 
valve,  which  subject  has  been  expounded  by  various 
authors.  It  may  be  as  well,  however,  to  point  out 
that  a  vacuum  tube  used  for  transmission  should  be 
operated  at  or  near  the  midway  point  on  the  characteristic 
curv-e  showing  the  relationship  between  plate  current 
and  grid  potential. 

Fig.  I  shows  a  typical  circuit  suitable  for  the  trans- 
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mission  of  continuous  waves.  The  aerial  and  earth 
are  connected  directly  to  the  plate  oscillatory  circuit 
LCi  of  the  three-electrode  vacuum  tube.  The  inductance 
L,  which  may  be  varied  by  means  of  tappings,  is  con- 
nected in  the  direct-current  plate  circuit  which  has 
for  its  source  of  electromotive  force  a  battery  IT  of 
about  400  volts.  Across  H  is  connected  a  condenser 
C,  which  by-passes  the  oscillatory  current  in  the  plate 
circuit.  A  Key  K  is  connected  in  the  plate  circuit  to 
enable  Morse  signalling  to  be  effected.  The  retro- 
actor  coil  R  is  aperiodic  and  its  coupling  with  respect 
to  L  is  variable  and  is  adjusted  to  give  the  maximum 
aerial  current  reading  as  indicated  by  a  high-fretiuency 
ammeter  A,  which  may  be  short-circuited  by  a  switch 
S  when  not  in  use.  An  ordinary  flash-lamp  bulb  may 
be  used  in  place  of  the  ammeter,  the  brightness  of  the 
filament  giving  a  comparative  indication  of  the  aerial 
current. 

Marconi's  Wireless  Telegraph  Company  have  de- 
scribed *  another  vacuum  tube  generator,  but  in  this 
case  the  vacuum  tube  has  a  grid  in  the  form  of  a  metal 
sheath  outside  the  glass  of  the  tube.  In  U.K.  Patent 
1 3248/14  the  same  inventors  describe  a  continuous- 
wave  generator  used  in   a  wireless  telephone  circuit. 

Lee  de  Forest  has  patented  a  number  of  vacuum 
tube  transmitters.  \  closed  circuit  is  connected  across 
the  grid  and  plate  of  a  three  electrode  vacuum  tube,  in 
the  plate  circuit  of  which  is  an  impedance.  Further 
de  Forest  circuits  are  described  in  U.K.  Patent  107001, 
but  as  they  are  not  used  in  this  country  it  is  not  proposed 
to  describe  them  here. 

We  have  so  far  chiefly  discussed  vacuum  tube  gener- 
ators in  which  the  retro-action  is  obtained  by  magneti- 
cally coupling  the  grid  and  plate  oscillatory  circuits. 
Retro-action  is,  however,  obtainable  by  utilizing 
capacitative  coupling.  The  grid  and  plate  oscillatory 
circuit  are  coupled  by  means  of  a  condenser  which 
should  be  variable.  The  maximiun  energj'  generated 
may  be  varied  by  altering  the  value  of  the  coupling 
condenser,  which  will  also  modify  the  frequency  of 
the  oscillations.  Such  a  circuit  is  not  always  very 
stable  and  it  is  preferable  to  couple  the  inductances 
magnetically  to  obtain  additional  retro-action  and  to 
steady  the  operation  of  the  circuits. 

In  the  circuits  so  far  discussed  the  plate  battery  has 
been  connected  in  series  with  the  plate  oscillatory 
circuit.  This  arrangement  is  not  essential ;  we  may, 
if  desired,  keep  the  direct  plate-current  circuit  quite 
distinct  from  the  oscillatory  circuit  by  connecting  the 
two  in  parallel. 

Production  of  High  Voltages  for  Transmission 
Circuits. 

The  provision  of  a  source  of  high  voltage  for  applying 
the  necessary  position  potential  to  the  plate  of  the 
transmitting  tube  is  a  problem  in  itself.  Batteries 
consisting  of  a  large  number  of  dry  cells  connected  in 
series  are  only  suitable  for  small-power  transmission 
and  become  very  cumbersome  and  expensive  when 
potentials    higher   than    400    volts    are    required.     The 

*   U.K.   Patent  13247  14. 


high-voltage  problem  has  been  solved  in  a  number  'of 
ways  which  come  under  the  following  headings  : — 

(i)  Direct-current  dynamos  or  motor-generators. 

(2)  Induction  coils  and  the  use  of  positive  half- 
cycles  of  alternating  current. 

{3)  Use  of 'half-wave  rectifiers  in  conjunction  with, 
induction  coils. 

(4)  Use  of  half-wave  rectifiers  in  conjunction  with 
step-up  transformers  supplied  with  alternating 
current. 

{5)  Use  of  full-wave  rectifiers  of  alternating  current. 

(G)  Use  of  both  half-C)-cles  of  alternating  current 
without  rectification. 

Direct-ciirrenl  dynamos. — These  have  been  frequently 
used  where  an  alternating-current  supply  is  not  obtain- 
able. A  direct-current  dynamo  giving  about  150  milU- 
amperes  at  400  volts  has  been  extensively  used  on 
aeroplane  wireless  sets  where  power  is  easily  obtained 
by  means  of  a  small  driving  propeller.  For  portable 
ground  stations  where  power  is  not  easily  or  conveniently 
obtained,  motor-generator  sets  are  most  often  used,  the 
source  of  low-voltage  current  for  the  motor  being 
accumulators. 

Use  of  induction  coils. — For  portable  small-power  sets 
an  induction  coil  is  a  suitable  source  of  high  F..M.F. 
The  voltage  obtained  is  of  a  semi-alternating  nature, 
the.  half-cycle  at  the  "  break  "  being  of  greater  amplitude 
than  that  at  the  "  make."  The  secondary  terminals 
are  connected  to  the  terminals  to  which  the  plate 
battery  would  normallj'  be  connected.  The  connections 
to  the  secondary  should  be  such  that  the  half-cj'cle 
produced  at  the  "  break  "  makes  the  plate  of  the  vacuum 
tube  positive  with  respect  to  the  filament.  While  the 
plate  is  positive  a  number  of  continuous  oscillations 
take  place  in  the  circuits  and  are  radiated  from  the 
aerial  in  the  form  of  waves.  When  the  following  half- 
cycle  makes  the  plate  negative  no  current  flows  in  the 
plate  circuit  and  consequently  no  oscillations  are  gener- 
ated. The  waves  radiated  from  a  set  of  this  descrip- 
tion are  no  longer  continuous  but  are  divided  into 
groups  of  continuous  waves  having  a  train  frequency 
equal  to  the  [frequency  of  the  semi-alternating  cur- 
rent supplied  by  the  induction  coil.  The  waves  differ- 
from  the  ordinary  damped  waves  emitted  from  spark 
stations,  not  in  group  frequency,  but  in  the  number 
of  oscillations  in  each  group.  Groups  of  damped  waves 
usually  contain  about  20  cycles,  whereas  those  we  are 
concerned  with  may  contain  as  many  as  300. 

We  thus  see  that  the  waves  from  such  a  station  can 
be  received  on  an  ordinary  non-oscillating  wireless 
receiver  as  used  in  the  reception  of  undamped  waves. 
The  best  results  are,  however,  obtained  when  the 
circuits  used  are  of  the  heterodyne  type  discussed  in 
the  second  part  of  this  paper.  The  note  heard  resembles 
that  of  a  spark  station  and  to  a  certain  extent  the  notes 
obtained  when  receiving  continuous  waves.  The  greater 
the  frequency  of  the  interrupter  the  higher  will  be  the 
notes  heard  at  the  receiving  station.  In  order  to  pro- 
duce a  clear  musical  note  at  the  receiving  station,  the 
frequency  of  the  interrupter  should  be  such  as  to  give 
a  wave  group  frequency  of  about  1,000.  To  obtain  such 
a  frequency  a  rotary  "  make  and  break  "  is  desirable. 
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and  a  Wilson  induction  coil  has  been  found  very  useful 
in  practice. 

Half-wave  rectifiers. — The  numerous  disadvantages  of 
the  semi-continuous  wave  or  "tonic  train  sj'stem  are 
obvious  and  some  means  of  obtaining  a  high-voltage 
direct-  current  is  required.  Generators  are  usually 
unsuitable  for  supplying  high-voltage  direct  current  of 
low  amperage  although  some  very  useful  generators 
have  been  recently  designed  for  moderate  power.  Con- 
sequently, most  high-power  vacuum-tube  transmitters 
obtain  their  plate  current  from  a  rectifier  unit.  This, 
in  its  simplest  form,  consists  of  a  Fleming  valve.  The 
valve  conducts  when  the  anode  is  niade  positive,  but 
when  the  anode  is  made  negative  by  the  succeeding 
half-cycle  no  current  whatever  flows  in  the  circuit.  To 
overcome  the  intermittent  effect,  we  connect  a  large 
condenser  across  the  load. 

A  high-power  transmitting  circuit  which  has  been 
used  with  success  is  shown  in  Fig.  2.  In  this  circuit 
the  filament  of  the  rectifjnng  bulb  (V,)  is  heated  by 
alternating  current  taken  from  the  secondarjf  (T^)  of 
a  step-down  transformer   (T3  T^)   fed  from  the  mains. 


Fig.  2. 

.\cross  the  alternating-current  mains  is  also  connected 
the  primary  (T5)  of  a  step-up  transformer  (Tj  Te). 
A  key  K  is  included  in  this  circuit  for  signalUng  purposes. 
The  high  voltages  across  T^,  which  may  range  from 
1,000  volts  to  10,000  volts  according  to  the  power  of 
the  set,  are  rectified  by  V^  and  charge  up  the  condenser 
C2  which  acts  as  the  source  of  high  potential  in  the 
plate  circuit  of  the  transmitting  tube  (Vj).  A  separate 
aerial  circuit  might  be  used  if  desired,  in  wliich  case 
the  inductance  in  the  aerial  circuit  would  be  coupled 
to  Li.  In  Fig.  2  the  filamput  of  the  transmitting  tube 
is  shown  heated  by  alternating  current.  A  leaky  grid 
condenser  (Ci)  is  used  to  obtain  a  suitable  operating 
potential  on  the  grid  and  to  lessen  the  grid  current,  i 
It  is  to  be  noted  that  the  reservoir  condenser  (C,)  is 
connected  in  the  position  shown.  This  arrangement 
ensures  the  filament  of  the  rectifier  being  insulated 
from  the  earth  without  the  use  of  a  separate  condenser. 
A  special  half-wave  rectifying  vacuum  tithe. — The  author 
has  designed  a  special  valve  for  use  as  a  high-power 
rectifier.*  In  the  ordinary  rectifying  tube  the  anode 
usually  consists  of  a  cylinder  of  metal  surrounding  the 
filament.  During  operation,  the  electrons  on  their  way 
to  the  anode  constitute  a  negative  space-charge  which 
tends  to  neutraUze  the  effect  of  the  positive  potential 

•  British  Patent  154,364- 


on  the  distant  anode.  The  result  of  this  is  a  great 
reduction  in  the  anode  current  which  can  only  be 
remedied,  and  then  only  partially,  by  using  ver^'  high 
anode  potentials  which  are  inconvenient  to  generate. 
The  effect  of  the  space-charge  is  more  marked  the  greater 
the  diameter  of  the  anode.  The  present  author  has 
devised  a  means  of  neutralizing  the  space-charge,  thus 
alIov,ang  lower  anode  potentials  to  be  used  and  also 
permitting  the  use  of  an  anode  of  greater  diameter, 
which  is  capable  of  a  greater  dissipation  of  heat. 

The  anodes  used  by  the  author  have  a  portion  of  their 
metahvork  constructed  close  to  the  filament  and  between 
the  filament  and  the  main  cylindrical  anode.  The 
portion  thus  arranged  is  of  an  open-work  nature  so  as 
largely  to  neutralize  the  negative  space-charge,  while 
allowing  the  majority  of  the  electrons  to  pass  through 
the  spaces  to  the  main  portion  of  the  anode.  One  form 
of  anode  is  made  by  attaching  a  spiral  grid-like  structure 
within  the  anode.  During  operation,  the  inner  spiral 
is  of  course  at  the  same  potential  as  that  of  the  main 
portion  of  the  anode.  Consequently,  the  space-charge 
is  neutralized  and  full  advantage  is  taken  of  the 
emission  from  the  filament,  thus  resulting  in  a  higher 
efficiency.  Heavy  currents  at  low  plate  voltages  are 
obtainable  by  means  of  this  valve. 

Full-wave  rectification. — Although  half- wave  recti- 
fication is  largely  used  in  the  production  of  high-voltage 
oirect  current,  yet  it  will  be  clearly  seen  that  only  one 
half  of  each  cycle  is  utilized.  Both  half-cj-cles  may 
be  used  if  we  employ  two  separate  vacuum-tube 
rectifiers  so  arranged  that  alternate  half-cycles  operate 
the  valves  m  turn. 

A  special  full-wave  rectifying  tube. — The  author  has 
designed  and  made  a  number  of  varying  kinds  of  full- 
wave  rectifying  tubes  (described  in  U.K.  Patent  146708). 
In  a  tj-pical  example,  instead  of  two  valves,  only  one 
is  used,  thus  lessening  the  cost  while  gaining  several 
advantages  such  as  uniformity  of  vacuum.  The  de\dce 
consists  essentially  of  a  filament  passing  through  the 
centres  of  two  substantially  cylindrical  anodes.  The 
alternating  voltage  makes  the  anodes  alternately 
positive  and  negative  with  respect  to  the  filament. 
Consequently,  the  electron  current  flows  alternately  to 
the  anodes,  while  flowing  unidirectionallj'  in  the  external 
circuit. 

Use  of  alternating  ctirrent  without  rectification. — Above 
we  have  seen  how  rectified  high-voltage  alternating 
current  may  be  employed  in  contmuous-wave  trans- 
mission. By  using  two  three-electrode  vacuum  tubes 
we  can,  however,  accomplish  the  same  result  without  a 
separate  rectifjang  system.  In  this  case  each  vacuum 
tube  acts  as  a  generator  in  turn.  It  will  be  seen  that 
practically  continuous  waves  will  be  radiated  from  the 
aerial  when  the  key  is  depressed.  A  tonic-train  note 
will,  however,  usually  be  heard  if  the  receiver  is  within 
a  few  miles  of  the  transmitter.  The  waves  are  not 
so  perfectly  undamped  as  in  the  case  of  transmitters 
using  rectifiers. 

A  transmitting  tube  for  use  with  alternating  etirrent. — 
The  author  has  devised,*  constructed  and  used  a  special 
form  of  vacuum  tube  which  is  capable  of  generating 
continuous    oscillations   by   the    direct    application    of 

•  U.K.  Patent  146708. 
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high-voltage  alternating  current.  It  consists  essentially 
of  a  single  filament  passing  through  the  centres  of  two 
substantially  cylmdrical  anodes,  a  common  grid  (prefer- 
ably of  spiral  form)  being  situated  between  the  filament 
and  anodes. 

Methods  of  keying. — The  method  of  transmitting  the 
continuous  waves  in  the  form  of  Morse  signals  is  a  problem 
in  itself.  It  is  usual,  in  sn^all-power  sets,  to  include 
a  tapping-key  in  the  plate  circuit.  When  the  plate 
current  is  large  this  method  is  not  very  convenient  as 
the  contacts  are  liable  to  arc.  Sometimes  the  key  is 
included  in  the  grid  circuit.  Although  the  arcing  trouble 
is  eliminated,  yet,  even  when  the  key  is  released,  there 
is  still  a  dissipation  of  energy  due  to  the  steady  plate 
current.  This  steadily  applied  energy  is  very  liable 
to  heat  up  the  plate  of  the  transmitting  tube  to  red  or 
almost  white  heat. 

Another  method  of  keying  consists  in  applying  a 
large  negatix'e  potential  to  the  grid  when  not  trans- 
mitting. On  depressing  the  key,  this  potential  is 
removed.  Another  arrangement  consists  in  including 
a  key  between  the  negative  side  of  the  plate  battery 
and  the  filament.  The  grid  circuit  is  connected  to  the 
filament  through  the  key.  This  arrangement  reduces 
arcing  to  a  minimum. 

An  obvious  method  of  signalling  which  wastes  no 
energy  is  to  include  a  key  in  the  filament  circuit.  This 
can  only  be  done  m  the  case  of  very  slow  signalling  and 
is  very  damaging  to  the  filament. 

Another  method  is  to  arrange  for  the  key  to  detune 
the  aerial  when  not  depressed.  Although  the  aerial 
is  radiating  all  the  time  yet  it  is  only  doing  so  on  the 
normal  communicating  wave-lengtli  when  the  key  is 
depressed.  This  system,  which  has  been  applied  to 
arc  transmitters,  is  not  to  be  favoured. 

,\  method  of  signalling  which  has  been  used  in  practice 
consists  in  arranging  a  low-power  oscillating  circuit 
with  its  output  circuit  coupled  to  the  mput  circuit  of 
a  high-power  amplifying  vacuum  tube.  The  current 
through  the  small  tube  or  "  master  oscillator  "  may  be 
easily  controlled  by  the  key.  Several  tubes  may  be 
thus  connected  in  series  for  high-power  transmission. 
The  grid  of  the  power  amplifier  is  given  a  negative 
potential. 


The  Reception  of  Coktinuous  Wavks. 

The  use  of  a  crystal  detector  for  the  reception  of 
continuous-wave  signals  is  obviously  unsuitable.  The 
result,  for  example,  of  a  dash  would  be  a  steadj'  flow 
of  rectified  current  which  would  produce  no  buzz  in 
the  telephone  receivers.  It  is,  consequentlv,  necessary 
to  interrupt  either  the  continuous  waves  or  the  rectified 
current  in  order  to  produce  the  required  note  in  the 
telephones.  The  obvious  way  to  receive  continuous- 
wave  signals  in  the  form  of  a  buzz  is  to  cut  up  the  steady 
flow  of  oscillations  into  groups  at  the  receiving  station. 
Each  of  these  groups  will  then  be  rectified  and  will 
give  a  click  in  the  receivers,  the  dash  being  heard  as 
a  buzz.  The  question  now  arises  how  to  cut  up  the 
continuous  waves  into  groups.  We  could  of  course 
connect  a  very  rapid  make-and-break  in  the  telephone 
circuit  or  the  aerial  circuit.     We  should,  however,  clearly 


lose  about  half  the  energy  received,  since  ui  between 
the  groups  the  oscillations  would  be  wasted.  Another 
arrangement  would  be  to  connect  an  interrupter  in 
the  telephone  circuit.  The  advent  of  the  oscillating 
valve  has,  however,  revolutionized  our  methods  of 
receiving  continuous  waves. 

To  understand  the  action  of  what  is  known  as  beat 
reception,  we  have  to  consider  the  interference  effect 
produced  by  two  sets  of  alternations  or  oscillations  in 
a  given  circuit.  If  the  two  sets  of  oscillations  are  of 
equal  frequency,  the  result  will  take  the  form  of  an 
oscillating  current  having  a  frequency  equal  to  the 
original  frequencies  and  an  amplitude  which  will  vary 
between  the  sum  of  the  two  amplitudes  and  the  difference 
between  them,  according  to  the  phase  relationship. 
When,  however,  the  frequencies  of  the  original  sets  of 
oscillations  differ,  the  resultant  current  is  oscillatory, 
but  rises  to  a  maximum  and  decreases  to  a  minimum 
at  regular  intervals.  The  explanation  of  this  is  that 
the  two  sets  of  oscillations  are  at  one  point  assisting 
each  other,  and  at  another  opposing  each  other.  The 
points  of  maximum  amplitude  are  known  as  beats, 
the  amplitude  of  these  beats  equalling  the  sum  of  the 
individual  amplitudes  of  the  original  oscillations. 

It  will  be  readily  seen  that  by  causing  a  local  source 
of  continuous  oscillations  to  be  induced  into  a  circuit 
receiving  continuous  waves  from  an  external  source, 
we  can  produce  beats  in  the  receiving  circuit  having  a 
frequency  which  may  be  adjusted  to  any  value  by 
varying  the  local  frequency.  The  problem  so  far  has 
been  the  provision  of  a  convenient  source  of  local 
oscillations.  The  use  of  the  three-electrode  valve  as  a 
generator  has,  however,  solved  this  problem.  The  wave- 
length of  the  oscillations  produced  by  the  local  oscillator 
is  made  to  differ  slightly  from  the  incoming  frequency. 
Beats  are  produced  which  are  rectified  by  a  detector, 
producing  an  audible  signal  in  the  telephones.  Each 
beat  will  produce  a  click  in  the  telephones  and  if  there 
are  several  beats  to,  say,  a  dash,  a  buzz  will  be  heard. 
The  human  ear,  however,  cannot  detect,  and  telephones 
will  not  respond  to,  frequencies  lower  than  about  loo 
and  higher  than  about  14,000  ;  consequently,  it  is 
necessary  to  arrange  the  local  frequency  so  that  the 
frequency  of  the  beats  falls  between  these  limits.  The 
most  suitable  beat  frequency  is  in  the  neighbourhood 
of  1,000.  It  will  be  seen  that  the  local  frequency  may 
be  either  above  or  below  the  frequency  of  the  mcoming 
oscillations.  When  the  local  frequency  equals  the 
incoming  frequencv  no  beat  note  will  be  heard. 

Obviously  a  three-electrode  valve  may  be  arranged 
as  a  detector  in  place  of  the  ciystal.  The  disadvantage 
of  this  arrangement  is  that  two  valves  are  necessary. 
The  system  of  beat  reception,  or  heterodyne  reception 
as  it  is  sometimes  called,  may,  however,  be  utilized  by 
niaking  the  receiving  valve  act  as  an  oscillator  as  well 
as  a  detector. 

Fig.  3  shows  a  simple  and  effective  continuous-wave 
receiver.  The  coil  (R)  is  aperiodic  and  is  coupled  to 
L,  sufficiently  tightly  to  cause  the  vah-e  to  oscillate 
of  its  own  accord  at  a  frequency  which  can  be  varied 
by  the  condenser  (Cj)  and  the  adjustable  tapping  on 
the  inductance  (LjV  This  frequency  is  made,  as  usual, 
a  little  different  from  the  incoming  frequency.     A  leaky 
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grid  condenser  causes  the  valve  to  act  as  a  detector. 
This  circuit  is  exceedinglj-  simple  to  tune.  To  "  pick 
up  "  a  station,  it  is  onlj-  necessary'  to  var^--  the  condenser 
C,  and  sometimes  the  inductance  L,.  The  frequency 
of  the  aerial  circuit  is  varied  at  the  same  time  as  the 
frequency  of  the  local  oscillations,  consequently  the 
aerial  circuit  is  always  a  little  out  of  tune  when  con- 
tinuous-wave signals  are  heard.  As  the  condenser  C, 
is  moved  round,  the  incoming  signals  are  first  heard  as  a 
high  note  which  is  rather  faint.  The  frequency  at  which 
the  valve  is  now  oscillating  differs  from  the  incoming 
frequency  by  about  10,000.  When  the  condenser  is 
turned  round  still  further,  the  signals  become  louder 
and  their  pitch  becomes  lower  until  the  point  is  reached 
when  no  sound  is  heard.  The  local  frequency  at  this 
adjustment  is  equal  to  the  incoming  frequency  ;  the 
aerial  circuit  is  now  correctly  in  tune  with  the  incoming 
waves.     If  we  gradually  turn  the  condenser  round  still 


y  f. 


Fig.  3. 

further,  signals  re-appear  and  gradually  acquire  a  higher 
note  again,  which  finally  dies  out. 

Since  the  vacuum  tube  is  oscillating  continuously, 
it  Ls  obviously  emitting  feeble  waves  which  are  radiated 
from  the  aerial.  These  oscillations  are  weak,  but  they 
are  quite  sufficient  frequently  to  carry  a  distance  of 
several  miles.  The  receiving  circuit  is  clearly  acting  as 
a  very  weak  transmitter  and  as  such  it  will  cause  very 
considerable  interference  to  neighbouring  receiving 
stations.  Two  stations  in  the  same  town  using  circuits 
of  the  self-heterodjTie  t^-pe  will  cause  endless  trouble  to 
each  other  by  overhearing  each  other's  valve  oscillating. 
Self-hete^od^^le  circuits  are  consequently  not  to  be 
encouraged,  and  the  use  of  a  local  oscillator  is  strongly 
to  be  recommended.  In  any  case,  such  an  oscillator  is 
almost  an  essential  part  of  every  wueless  receiving  station 
and  has  very  manv  applications.  Even  with  an  external 
oscillator,  however,  a  certain  amount  of  radiation  from 
the  aerial  is  possible  although  this  is  negligible  compared 
with  the  amount  produced  by  circuits  of  the  type 
shown  in  Fig.  3.     The  radiation  from  the  aerial  may  be 


lessened  by  using  a  loosely  coupled  circuit.*  Here  we 
also  obtain  a  greater  selecti\dty  on  account  of  loose 
coupling  between  the  aerial  and  closed  circuit  inductances. 
These  inductances  may  be  several  feet  apart,  if  desired. 
The  author  has  used  a  system  for  receiving  con- 
tinuous waves,  which  he  has  described  in  a  paper  before 
the  Wireless  Society  of  London.  The  arrangement  is 
reproduced  in  Fig.  4,  and  full  details  will  be  found 
in  the  original  paper.  Two  principal  methods  of  em- 
ploying the  circuit  are  as  follows  :  With  S  over  to  the 
left,  the  circuit  B  is  adjusted  to  amplify  retro-actively 
the  incoming  continuous  waves.  The  oscillations  are 
then  received  on  the  self-oscillatuig  A  circuit.  Loudest 
results  are  obtained  if  the  switch  (S)  is  now  moved  over 


Fig.  4. 

to  the  right.  With  this  arrangement  the  circuit  (B) 
is  accurately  tuned  to  the  incoming  frequency'  and  there 
is  no  loss  of  strength  as  in  the  case  of  self-heterodyne 
circuits. 

Another  type  of  continuous-wave  receiving  circuit  of 
practical  value  has  recently  been  described  by  the 
author  in  the  Electrical  Review,  j 

All  the  above  types  of  continuous- wave  receiving 
circuits  may,  of  course,  be  varied  in  a  variety  of  ways. 
For  example,  several  valves  may  be  added  to  produce 
low-frequency-  magnification .  Also  the  continuous  waves 
may  be  amplified  by  several  valves  before  being  hetero- 
dyned and  detected.  Innumerable  circuits  have  been 
and  are  being  designed  and  it  is  outside  the  scope  of 
the  present  paper  to  include  any  but  a  few  of  the  more 
well-known  circuits  and  the  one  or  two  for  which  the 
present  author  has  been  responsible.  The]  27  circuits 
which  ha\e  been  given  are  fairly  representative  of 
modern  practice. 

•  The  author  has  described  in  British  Patent  153,681  a  special  valve  which 
receives  continuous  waves  without  radiating, 
t  EUclrUal    Rtvieu.;  1919,  vol.  85,  p.  S08. 
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Oth     wireless    sectional     meeting,     9    JUNE,     1920. 
(Held  at   the   Institution  of  Mechanical  Engineers.) 
Dr.  W.  H.  EccLES,  Chairman  of  the  \Yireless  Sectional    '        A  paper  by  M.  Marias  Latour  entitled   "  High  Fre- 


Meetings  Committee,  took  the  chair  at  6  p.m. 

The  minutes  of  tlie  Wireless  Sectional  Meeting  of 
the  17th  March,  1920,  were  taken  as  read,  and  were 
confirmed  and  signed. 


quency   Machines  "   was   read   and   discussed,    and    the 
meeting  adjourned  at  7.45  p.m. 


651sT    ORDINARY    MEETING,     16    JUNE     1920. 
(Held  at  the  Institution  of  Mechanical  Engineers.) 


!Mr.  Roger  T.  Smith,  President,  took  the  chair  at 
6  p.m. 

The  minutes  of  the  Annual  General  Meeting  of  the 
20th  May,  1920,  were  taken  as  read,  and  were  confirmed 
and  signed. 

An  introductory  paper  by  Sir  Dugald  Clerk,  entitled 
"  Note  on  the  Thermal  Efficiency  of  the  Generation 
and  Use  of  Gas  and  Electricity  "  (see  page  765),  was 
read,  and  a  discussion  took  place  on  the  following  : — 

(i)   The  paper  read    by  Sir  Dugald  Clerk  before  the 


(-') 


Royal  Society  of  Arts,  entitled  "  Distribution 
of  Heat,  Light,  and  Moti\'e  Power  by  Gas 
and  Electricity  "  ; 
The  Report  of  the  Coal  Gas  and  Electrical  Supply 
Industries  of  the  United  Kingdom  to  the 
President  of  the  Institution  of  Gas  Engineers," 
by  Sir  Dugald  Clerk,  K.B.E  ,  D.Sc,  F.R.S., 
Prof.  Arthur  Smithells,  C.M.G.,  F.R.S.,  and 
Prof.   J.  W.  Cobb,  C.B.E.,   B.Sc,  F.I.C. 


The  meeting  adjourned  at  7.55  p.m. 


10th    WIRELESS    SECTIONAL    MEETING,     23    JUNE.     1920. 
(Held  at  the  Institution  of  Mechanical  Engineers.) 


Dr.  W.  H.  EccLEs,  Chairman  of  the  Wireless  Sectional 
Meetings  Committee,  took  the  chair  at  6  p.m. 
.   The  minutes   of   the   Wireless   Sectional   Meeting   of 
the   9th    June,    1920,    were   taken     as   read,    and    were 
confirmed  and  signed. 


A  paper  by  Mr.  B.  S.  Gossling,  entitled  "  The  Develop- 
ment of  Thermionic  Valves  for  Naval  Purposes"  (see 
page  670),  was  read  and  discussed 
adjourned  at  7.40  p.m. 


and   the  meeting 


6.52nd    ORDINARY    MEETING,     30    JUNE,     1920. 
(Held  at   the   Institution  of  Mechanical  Engineers.) 

Mr.  Roger  T.  Smith,  President,  took  the  chair  at 
6  p.m. 

The  minutes  of  the  Ordinary  Meeting  of  the  i6th 
June,  1920,  were  taken  as  read,  and  were  confirmed 
and  signed. 


A  paper  by  Sir  Pliilip  Dawson,  Member,  entitled 
"Electric  Railway  Contact  Systems"  (see  page  838), 
was  read  and  discussed,  and  the  meeting  adjourned 
at  7.50  p.m. 
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JOAS  NEPOMUCENO  BAPTISTA  died  on  the 
31st  May,  1918.  He  was  born  on  the  15th  August, 
1849,  at  Rio  de  Janeiro  and  passed  through  the  Naval 
School,  afterwards  entering  the  Pol>i:echnic  School  in 
the  same  city,  where  he  completed  his  studies  in  Natural 
Science.  He  obtained,  by  examination,  the  post  of 
teacher  in  Physics  at  the  Naval  School,  and  later  became 
Professor  of  Electricity  there.  For  two  years  he  was 
also  Director-General  of  Telegraphs  in  Brazil.  He 
WTote  and  published  several  monographs,  and  a  book 
on  "  Capillarity."  He  was  elected  a  Foreign  Member 
of  the  Institution  in  1890  and  a  ]\iember  in  191 1.  He 
was  also  a  member  of  the  Polyteclinic  Institute  of 
Brazil. 

HENRY  SMITH  CARHART  was  bom  in  Coeyman, 
New  York,  on  the  27th  March,  1844,  and  studied  at 
Weslej'an  University  (Middleton,  Conn.),  where  he 
obtained  the  degree  of  B.A.  in  1869,  of  M.A.  in  1872, 
and  of  LL.D.  in  1S83.  He  also  studied  at  Yale  Univer- 
sity in  1871,  at  Harvard  in  1876.  and  at  Berlin  in 
1881-1882,  where  he  was  in  the  laboratory  of  von 
Helmholtz.  During  the  years  1872-1886  he  was  Pro- 
fessor of  Phvsics  in  North-western  University,  Evanston, 
Illinois,  and  from  1886  to  1909  he  held  a  similar  position 
in  the  University  of  Michigan,  becoming  Emeritus 
Professor  of  Physics  in  the  last-mentioned  year.  He 
was  a  member  of  the  International  Jury  of  Awards 
at  the  Paris  Exposition  of  Electricity  in  1881,  President 
of  the  Board  of  Judges  in  the  department  of  electricity 
at  the  Columbian  Exposition  in  Chicago  in  1893,  a 
member  of  the  Jury  of  Awards  at  the  Buffalo  Exposi- 
tion in  1901,  and  one  of  the  delegates  of  the  United 
States  to  the  International  Electrical  Congress  at 
Chicago  in  1893  and  at  St.  Louis  iii  1904.  In  1901  he 
was  the  delegate  of  the  American  Institute  of  Electrical 
Engineers  to  the  International  Engineering  Congress 
in  Glasgow.  He  was  also  a  delegate  to  the  Conferences 
on  Electrical  Units  and  Standards  at  Berlin  in  1905 
and  at  London  in  1908.  In  1905  he  also  attended  the 
South  African  meeting  of  the  British  Association,  and 
in  1909  represented  the  University  of  Michigan  at  the 
centennial  celebration  of  the  birth  of  Charles  Danvin 
at  Cambridge.  In  1889  he  was  vice-president  of 
Section  B  of  the  American  Association  for  the  Advance- 
ment of  Science,  and  later  served  as  \dce-president 
and  as  president  of  the  American  Electrochemical 
Society.  His  principal  subjects  of  research  were  : 
Standard  cells,  the  thermodynamics  of  the  \-oltaic 
cell,  the  separation  of  iron  losses  in  transformers,  the 
rotation  of  the  magnetic  field,  concentration  cells,  and 
the  absolute  determination  of  the  electromotive  force 
of  the  Clark  and  cadmium  standard  cells.  In  addition 
to  over  50  scientific  papers  he  was  the  author  of  a  series 
of  well-known  textbooks.  He  first  became  known  to 
the  scientific  world   in    188 1   by  reason   of  his   experi- 


mental work  on  voltaic  cells,  a  subject  on  which  in 
later  years  he  was  a  world  authority,  and  he  was  one 
of  the  pioneers  of  electrochemistry  in  the  United  States. 
After  retiring  from  the  active  duties  of  liis  profession 
he  made  his  home  in  Pasadena,  California,  where  in 
1912  he  accepted  the  honorary  position  of  Research 
Associate  in  Physics  in  the  California  Institute  of 
Technology.  He  died  on  the  12th  February',  1920. 
A  faithful  student,  he  was  also  an  inspiring  teacher 
and  an  enthusiastic  investigator.  He  was  elected  a 
Foreign  ilember  of  the  Institution  in  1894  and  became 
a  Member  in  191 1.  E.  S.  C. 

Captain  ETTRICK  WILLI.UI  CREAK,  R.N.,  C.B., 
F.R.S.,  was  bom  on  the  28th  May,  1833.  bemg  the  son 
of  the  late  Commander  William  Creak,  R.N.,  and  a 
nephew  of  Sir  H.  Havelock  of  Lucknow  fame.  He 
joined  the  Na\-y  at  the  age  of  14,  and  served  on  board 
H.M.S.  "  Esk  "  from  1863  to  1867  on  the  Australian 
station.  The  great  range  of  magnetic  latitude  traversed 
during  the  commission  turned  Lieutenant  Creak's  atten- 
tion to  an  investigation  of  the  errors  of  the  compass 
arising  from  that  cause.  This  was  the  beginning  of 
his  researches  in  the  science  of  magnetism,  and  led  to 
his  appointment  as  an  Assistant  in  the  Compass  Depart- 
ment of  the  Admiralty  in  186S.  In  connection  with 
the  famous  "  Challenger  "  Expedition  of  1872-6  he 
took  an  active  part  in  the  determination  and  control  of 
the  constants  required  for  the  reduction  of  the  magnetic 
observations  to  be  made  during  the  voyage.  To  him 
was  entrusted  the  instruction  of  officers  engaged  in 
the  Arctic  Expedition  of  1875,  and  the  preparation 
of  the  directions  and  magnetic  charts  for  the  Arctic 
Manual.  He  also  drew  up  the  Magnetic  Instructions 
for  the  Antarctic  Expedition  of  1901.  For  some 
years  before  Commander  Creak's  appointment  as  Super- 
intendent of  the  Compass  Department  in  1887  the 
necessity  for  a  compass  better  suited  to  modem  ships 
than  the  existing  Admiralty  standard  had  been  recog- 
nized. Sir  William  Thomson  (Lord  Keh-in)  had  already 
introduced  his  well-known  compass,  fulfilling  all  require- 
ments except  the  one  essential  to  ships  of  war,  namely, 
abilitv-  to  withstand  the  shock  of  hea^y  gun-fire  in 
large  ships  and  the  efifect  of  vibration  and  rapid  motion 
in  small  vessels  such  as  torpedo  boats  and  destroyers. 
Captain  Creak  was  confident  that  the  solution  of  the 
problem  lay  in  the  development  of  the  liquid  compass 
and  set  himself  to  attain  that  object.  The  existing 
liquid  compasses  were  far  from  being  reliable  instruments. 
The  cards  were  floatless,  with  large  moments  of  inertia 
and  the  weight  resting  upon  the  pivot  was  excessive, 
necessitating  powerful  needles  «-ith  large  magnetic 
moments  in  order  to  overcome  the  sluggishness  resulting 
from  the  mertia,  skin  friction  of  the  liquid,  and  the 
friction  between  the  cap  and  pivot.  He  introduced 
cards  mounted  on  a  float,  with  two  thin  and  relatively 
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short  needles  fitted  with  their  poles  at  the  scientifically 
correct  angular  distances,  and  with  the  centre  of  gravity, 
centre  of  buoyancy  and  the  point  of  suspension  iii 
correct  relation  to  each  other.  The  flotation  and  the 
total  weight  were  so  adjusted'  to  one  another  as  to 
reduce  the  weight  resting  on  the  pivot  to  a  reasonable 
amount,  and  at  the  same  time  sufficient  to  prevent  the 
card  from  jumping  when  subjected  to  vertical  shocks 
or  vibration.  He  was  thus  able  to  use  iridium-pointed 
pivots  instead  of  the  relatively  blunt  ruby-pointed 
pivots  which  had  hitherto  been  used.  An  improved 
form  of  azimuth  circle  was  introduced  at  the  same 
time.  The  compass  thus  designed  rectified  the  defect 
of  the  Admiralty  standard  compass  with  the  additional 
advantage  of  considerable  steadiness  under  heavy- 
gun-fire  and  in  a  seaway. 

Notwithstanding  this  great  in^proN-ement,  as  a 
manoeuvring  compass  it  was  inferior  to  Lord  Kelvin's, 
owing  to  comparative  sluggishness  on  a  large  alteration 
of  course,  through  the  drag  on  the  card  by  the  liquid 
in  which  it  floated,  and  solely  on  that  account,  in  1892, 
the  Admiralty  adopted  the  Kel\-in  compass  for  the 
use  of  the  Fleet.  Some  years  later,  Messrs.  E.  Dent 
&  Co.  constructed  a  liquid  compass  for  use  by  submarines, 
with  a  slightly  reduced  diameter  of  card  and  projecting 
lubber  point.  It  was  at  once  observed  that  this  small 
alteration  removed  the  sluggishness  hitherto  noticeable 
and  rendered  the  instrument  equal  to  the  Kelvin 
compass  for  manoeuvring  purposes,  whilst  retaining 
its  superiority  in  other  respects.  The  triun^ph  of  the 
liquid  compass  was  now  therefore  complete,  and  in 
1908  it  was  adopted  for  general  use  in  the  Navy  under 
the  name  of  the  "  Chetwynd  compass."  For  his 
various  contributions  to  Magnetism,  Captain  Creak 
was  elected  a  Fellow  of  the  Royal  Society  in  1885, 
and  served  on  the  Council  from  1898  to  1900.  From 
time  to  time  papers  were  read  by  him  at  the  Royal 
Society  on  subjects  connected  with  magnetism  on 
board  H.M.  ships,  and  the  discussion  of  the  results 
of  magnetic  observations  made  in  the  course  of  voyages 
by  H.M.  surveying  vessels  and  scientific  e.xpeditions. 
A  simple  form  of  instrument  for  the  correction  of 
heeling  error  by  magnets  and  the  determination  of 
vertical  force  both  afloat  and  ashore  was  devised  by 
Captain  Creak,  and  he  also  invented  the  Lloyd-Creak 
dip  and  intensity  apparatus.  He  was  the  author  of 
the  article  on  "  Compasses  "  in  the  tenth  edition  of 
the  "  Encyclopaedia  Britannica,"  and  other  publications. 
Shortly  before  his  retirement  from  the  Compass  Depart- 
ment in  1901  the  honour  of  C.B.  was  conferred  upon  him. 
In  1903,  in  his  Presidential  address  to  the  Geographical 
Section  of  the  British  Association,  he  gave  an  iiateresting 
account  of  our  kiiowledge  of  magnetism  both  afloat 
and  ashore  up  to  that  date.  He  was  the  most  modest 
and  unselfish  of  men,  a  staunch  friend  and  full  of  charity 
to  all.  High  minded,  straightforward  and  true  to  the 
core,  he  died  in  his  sleep  on  the  3rd  April,  1920,  in  his 
eighty-fifth  year,  regretted  by  all  who  knew  him.  He 
was  elected  a  Member  of  the  Institution  in  1890, 

A.  M.  F. 

CHARLES   MARK    DORMAN,    who    died   at   Llan- 
dudno on  the  1 2th  February,  1920,  after  a  short  illness. 


was  one  of  the  pioneers  of  the  electrical  engineering 
industry.  Born  at  Northampton  in  1861,  he  was 
educated  at  Berkhampstead  and  the  Yorkshire  College, 
and  afterwards  served  an  a]5prenticcship  in  the  works 
and  drawing  office  of  the  Hunslet  Engine  Company. 
In  1881  he  and  his  subsequent  partner,  Mr.  R.  A. 
Smitli,  deserted  locomotive  engineering  and  joined  the 
late  Mr.  J.  S.  Raworth  as  his  assistants.  Mr.  Dorman 
carried  out  some  of  the  earliest  electrical  installations 
on  board  ship,  and  was  responsible  for  many  of  the 
early  designs  of  switchgear  and  other  electrical  apparatus. 
When  Mr.  Raworth  left  Manchester,  Mr.  Dorman  and 
Mr.  Smith  took  over  the  small  works  which  he  had 
established  and  gradually  developed  the  business 
which  is  at  the  present  time  carried  on  as  Dorman  and 
Smith,  Ltd.  Mr.  Dorman  was  of  a  very  studious  nature 
and  a  great  lover  of  science.  His  disposition  was  genial 
and  hospitable,  and  he  will  be  much  missed.  He  was 
associated  with  the  Manchester  Astronomical  Society, 
the  Sale  Photographic  Society,  the  Wireless  Tele- 
graphic Society,  and  the  Salford  Education  Committee. 
He  manifested  keen  interest  in  the  War  Savings  move- 
ment, and  did  much  useful  conmiittee  work.  He  took 
an  active  part  in  the  formation  and  foundation  of  the 
Northern  Society  of  Electrical  Engineers,  and  was 
Chairman  in  the  second  year  of  the  Society's  existence, 
before  it  was  merged  in  the  Institution.  He  was 
elected  an  Associate  of  the  Institution  in  1884  and  a 
Member  in  1890. 

JOHN  EDGAR  EDMUNDSON  was  born  on  the 
22nd  April,  1879,  at  Foxrock,  Co.  Dublin.  His  father 
who  at  that  time  was  engineer  to  Messrs.  Edmundson 
of  Dublin,  a  firm  then  largely  engaged  in  the  con- 
struction of  lighthouses,  shortly  afterwards  moved 
to  Gateshead  and  was  engaged  in  the  manufac- 
ture of  incandescent  electric  lamps,  first  with  the 
Ediswan  Company  and  later  with  the  Sunbeam  Lamp 
Company.  He  was  educated  at  the  High  School 
at  Gateshead,  and  afterwards  at  the  Friends'  Boarding 
School  at  Ackworth,  in  Yorkshire.  In  December 
1894  he  started  to  serve  his  time  with  Messrs. 
J.  Wigham,  Richardson  &  Co.,  in  their  marine  engine 
works  at  Newcastle,  but  left  two  years  later  and 
went  to  the  Electrical  Department  of  Messrs.  Clarke, 
Chapman  at  Gateshead,  being  chiefly  engaged  on  ship 
installation  work.  While  living  in  Newcastle  he  attended 
lectures  and  classes  at  Armstrong  College.  In  1901  he 
was  appointed  assistant  engineer  at  the  electricity  works, 
Brechin,  one  of  the  group  of  undertakings  controlled 
by  Messrs.  Edmundsons'  Electricity  Corporation,  and 
all  his  later  work  was  in  connection  with  this  firm.  His 
next  appointments  were  on  the  construction  of  tramways 
between  Camborne  and  Redruth,  and  in  Glossop  and 
Scarborough.  He  reniained  at  the  last-named  town  as 
engineer  and  manager  vmtil  1906,  when  he  was  appointed 
resident  engineer  and  manager  of  the  electricity  supply 
undertaking  at  Grantham.  During  the  time  of  his 
nianagement  at  Grantham  the  undertaking  was  very 
considerably  enlarged,  and  in  1914  and  1915  large 
contracts  were  carried  out  for  the  equipment  and  supply 
of  the  camp  adjoining  the  town.  In  1919  he  was 
transferred    to    the    more    important    undertaking    at 
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Hawick.  The  output  of  these  works  during  his  manage- 
ment increased  materially,  and  further  plant  was  being 
installed  at  the  time  of  his  decease.  His  life  was  un- 
eventful, but  full  of  hard  and  -enthusiastic  work  in 
the  interest  of  his  employers  and  of  the  undertakings 
with  the  management  of  which  he  was  entrusted.  He 
had  a  great  facility  for  making  friends,  as  he  had  a 
cheer)-  and  bright  manner  which  made  it  easy  for  him 
to  get  into  intimate  touch  with  people  in  all  walks  of 
life.  The  letters  which  were  waitten  after  his  death 
by  his  brother  engineers  and  the  men  who  worked  under 
him  are  a  fine  record  of  the  influence  which  a  man  of 
absolute  integrity'  and  uprightness  of  character  has  on 
those  with  whom  he  associates.  He  was  a  sound  engineer 
and  a  most  executive  manager.  He  died  at  the  early 
age  of  41,  leaving  a  wife  and  four  children,  and  his 
death  was  a  loss  to  the  firm  for  whom  he  had  worked 
for  19  j-ears.  He  was  elected  an  Associate  of  the 
Institution  in  1902,  an  Associate  Member  in  1905,  and 
a  Member  in  1920.  J.  C.  W. 

JOHN  STEEL  NICHOLSON,  O.B.E.,  D.Sc,  Wh.Scb., 
was  born  at  Alford,  Aberdeenshire,  on  21st  December, 
1S79.  He  received  his  early  education  at  Alford  and 
subsequently  at  Robert  Gordon's  College,  Aberdeen. 
From  there  he  proceeded  to  the  Cdasgow  and  \\'est 
of  Scotland  Technical  College  fnow  The  Royal  Technical 
College),  and  gained  the  diploma  of  the  College  and  the 
Sir  John  Pender  Memorial  Scholarship.  He  entered 
the  engineering  classes  at  Glasgow  University  in  1898 
and  graduated  B.Sc.  after  a  distinguished  university 
career,  during  which  he  gained  many  prizes,  including 
the  first  Walker  prize  and  the  George  Harvey  prize. 
His  apprenticeship  in  engineering  was  served  on  the 
"  sandwich  "  system  and  in  the  summer  of  1896  he 
commenced  his  practical  work  with  IMessrs.  JIatthew 
Paul  &  Co.,  Ltd.,  Dumbarton,  completing  his  apprentice- 
ship with  them  in  1901.  From  190 1  to  1904  he  was 
a  demonstrator  under  Professor  Barr  at  Glasgow 
University  and  assisted  in  the  development  of  the 
newly  opened  James  Watt  Laboratories.  At  that 
time  also,  he  taught  classes  in  Dumbarton  .-\cademy 
and  Coatbridge  Technical  School  and  Mining  College. 
In  1903  he  gained  first  place  in  the  Whit  worth  Scholar- 
ship examination.  Then  followed  a  j"ear  of  special 
study  and  practical  work  in  Germany,  and  in  1905  he 
was  appointed,  by  Glasgow  University  Court,  Lecturer 
in  Electrical  Engineering  and  chief  laboratory  assistant 
to  Professor  Barr.  During  this  time  he  collaborated 
with  Sir  J.  B.  Henderson  in  research -work  on  armature 
reaction  in  alternators,  and  with  Professor  Barr  on 
the  influence  of  temperature,  loading,  etc.,  on  the 
elastic  limit  and  the  breaking  stress  of  mild  steel.  On 
the  outbreak  of  the  War  he  joined  the  Officers'  Training 
'Corps  and  later  took  up  munition  work  with  Messrs. 
Denny  &  Company,  Dumbarton.  Shortly  afterwards 
he  was  asked  to  join  the  Roj'al  Flying  Corps  as  an 
Equipment  Officer.  He  continued  at  this  work  until 
demobilization  in  the  autumn  of  1919.  He  became 
a  Section  Director  of  the  Aeronautical  Supply  Depart- 
ment with  the  rank  of  Major  and  was  subsequently 
transferred  to  the  Technical  Department  of  the  Air 
Ministry,  and  his  services  were  recognized  bj-  the  a\\ard 


of  the  O.B.E.  Dr.  Nicholson  made  many  contributions 
to  scientific  engineering,  and  among  them  it  might  be 
noted  his  papers  to  the  Institution  on  "  A  Simple 
Graphical  Construction  for  determining  the  Efficiency 
of  a  Polyphase  Asynchronous  Motor  from  the  Current 
(Circle)  Diagram  "  and  "  A  Single-phase  Motor  with 
Pole-changing  Windings  "  ;  and  his  paper  to  the  Institu- 
tion of  Engineers  and  Shipbuilders  in  Scotland  on 
"  Development  of  Metal  Construction  in  Aircraft." 
In  19 19  he  was  contemplating  an  extension  of  his 
paper  on  "  The  Magnetization  of  Iron  at  High  Flux 
Density  with  Alternating  Currents  "  read  before  the 
Institution  in  1915.  In  Mav  1920  he  was  stricken 
with  illness  and  in  July  it  was  decided  to  operate. 
He  died  on  the  21st  July  after  an  illness  borne  with 
cheerfulness  and  hopefulness  and  when  he  was  on  the 
threshold  of  an  important  and  useful  career.  All 
who  knew  Dr.  Nicholson  admired  his  manliness  and 
tenacity,  loved  his  unfaOing  cheerfulness  and  amiability, 
and  respected  him  for  his  clearness  and  inspiration  as 
a  teacher  and  his  accuracy  as  an  investigator.  His 
students,  his  colleagues,  and  his  friends  miss  him.  He 
joined  the  Institution  as  an  Associate  Member  in  igo6 
and  was  transferred  to  full  membership  in  1917.  He 
served  on  the  Glasgow  Local  Centre  Committee  from 
1906  to  1909,  and  on  the  Committee  of  the  Scottish 
Local  Section  from  1913  to  1916.  From  1907  to 
1913  he  was  V  ice-Chairman  of  the  Glasgow  Students' 
Section.  J.  D.  C, 


K 


JOHN  PERRY,  M.E..  D.Sc,  LL.D.,  F.R.S.,  died 
in  London  on  the  4th  August,  1920.  Every  electrical, 
in  fact  every  engineer,  must  mourn  the  death  of  Perry  ; 
but  as  he  was  a  Past  President  of  the  Institution,  and 
personally  known  to  most  of  us,  his  loss  touches  us 
deeply.  He  was  born  in  1850,  in  Belfast ;  and  he  had 
practical  engineering  experience,  and  was  also  a  keen 
student.  He  gained  a  Whitworth  Exhibition  which 
enabled  hun  to  get  college  training.  He  was  appointed 
Physics  Master  at  Clifton  in  1870.  It  was  here  I  first 
saw  him.  I  remember  the  first  time  I  heard  him  lecture, 
and  his  luminous  treatment  of  mass  and  gravity,  which 
put  into  words  the  reason  why  a  heav)-  stone  could  be 
thrown  higher  against  air  and  gravity  than  an  empty 
ball — a  point  one  never  could  explain  in  words  as  a 
child,  though  understandmg  the  matter  in  the  sort 
of  way  a  dumb  animal  may  grasp  things.  His  lectures 
fired  all  the  boys  who  had  any  scientific  leaning  with 
tremendous  enthusiasm.  Tilden  came  as  Chemistry 
Master  a  few  years  later  ;  and  with  the  same  power 
of  inspiring  the  students.  Perry  was  very  young, 
about  21,  and  had  some  difficult^'  in  preserving  order. 
Once  he  had  a  mouse  to  illustrate  something  in  electro- 
statics ;  but  the  discharge  of  a  Leyden  jar  killed  it 
before  its  experiment  was  due.  The  whole  "  set "  imme- 
diately gave  vent  to  howls  and  groans  of  "  Cruel  Mr. 
I  Perrv  !  "  "  \\'ho  killed  the  mouse  }  "  while  Perry  kept 
trying  to  e.xplain  that  he  never  meant  to  hurt  it.  Boys 
used  to  ask  leave  to  go  out  :  thej'  would  play  fives  for 
ten  minutes  or  so,  and  come  back.  One  day  the  appli- 
carions  were  too  numerous  even  for  Perry ;  so  he 
snapped  out :  "  You  may  not.  You  should  go  out. 
before  you  come  in."     It  is  said  that  once,  to  save  time, 
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he  said  :  "  I  will  not  call  all  the  names  over  ;  all  absentees 
hold  up  their  hands." 

After  Clifton,  Perry  went  to  Sir  W'.  Thomson  in 
Glasgow,  and  thence  to  Japan.  Tlicre  he  and  Ayrton 
did  a  tremendous  amount  of  Work,  mostly  electrical. 
Many  years  afterwards  I  was  telling  him  a  story  about 
Captain  Cardew,  who  sat  with  Major  Marindin,  holding 
an  inquiry  about  1889.  I  had  given  evidence  that 
Ferranti's  Deptford  cables  must  have  a  leakage  capacity 
current  of  about  an  ampere  ;  and  this  was  what  was 
disturbing  the  Post  Office  telephones.  Cardew  asked 
me  to  see  him  after  the  hearing,  and  said  :  "I  do  not 
get  quite  the  same  result  ;  how  did  you  make  your 
calculation  ?  "  I  said  the  calculation  was  quite  simple  ; 
what  result  did  Cardew  get  ?  He  admitted  it  was 
not  "  quite  the  same  as  mine."  I  found  Cardew  had 
forgotten  v^,  the  ratio  of  the  electrostatic  and  electro- 
magnetic capacities  ;  and  his  leakage  current  was  900 
million  billion  amperes.  Perry  looked  sad  and  said  : 
"  Why  do  you  tell  me  that  story  ?  Ayrton  and  I  made 
the  same  mistake  in  Japan,  and  Maxwell  never  let  us 
hear  the  end  of  it." 

There  is  so  much  of  interest  in  Perry's  life  that  it 
will  be  best  to  concentrate  on  his  influence  on  electrical 
engineering,  more  especially  as  other  aspects  of  his 
work  have  been  fully  treated  in  various  notices  that 
have  already  appeared.  As  a  teacher  at  Finsbury, 
and  in  South  Kensington,  his  ability  in  clear  explanation 
and  his  personal  enthusiasm  and  influence  can  best 
be  measured  by  the  extraordinary  success  of  City  and 
Guilds  students  in  the  profession,  many  of  them  owing 
a  great  deal  to  Professor  Perry. 

As  inventors,  Ayrton  and  Perj-y  were  very  active 
from  about  1880  to  1885  or  iSgo.  Of  the  partners 
it  is  clear  Perry  was  the  chief  inventor.  I  do  not 
remember  whether  Perry  or  Thomson  invented  the 
ohm-meter.  The  voltmeters  and  amperemeters  with 
permanent  magnets  and  specially  shaped  pole-pieces 
were  very  useful  in  the  early  eighties.  From  a  modern 
point  of  view  they  were  very  poor  ;  but  there  was 
nothing  better  to  be  had  then.  The  twisted-strip, 
instruments  followed.  The  idea  was  most'  ingenious 
and  very  original.  Certainly  the  instruments  absorbed 
so  much  power  that  when  dealing  with  low  pressures, 
or  small  currents,  it  was  better  to  use  the  voltmeter 
to  measure  current,  and  the  amperemeter  for  low 
pressures.  All  the  same  they  were  most  valuable, 
and  much  needed.  The  most  important  inventions 
were  motor  and  clock  meters.  These  were  long  before 
their  time.  Ayrton  and  Perry's  pendulum  instrument 
was  the  original  of  modern  clock  meters  ;  and  it  was 
designed  to  measure  ampere-hours,  or  watt-hours. 
The  motor  meter  was  the  ancestor  of  those  now  in 
use.  If  a  contact  switch  for  cutting  cells  in  and  out 
of  a  battery  makes  contact  with  two  blocks,  it  short- 
circuits  one  cell  ;  if  it  leaves  one  contact  before  touching 
the  other,  the  ciixuit  is  broken.  Perry  invented  the 
pilot  contact  with  a  resistance.  On  the  other  hand, 
Ayrton  and  Perry  were  the  chief  upholders  of  the 
fallacy  that  the  design  of  a  motor  should  be  quite 
difierent  from  that  of  a  dynamo.  It  was  not  until 
Mordey  published  an  article  in  the  Philosophical  Magazine 
that   this   heresy    was    killed.     For    the    last    30    years 


Perry  did  little  in  the  way  of  inventing,  though  recently 
!  he  turned  his  attention  to  the  improvement  of  the 
i  gyrostatic  compass.  He  was  an  expert  in  the  theory 
of  spinning  tops.  Probably  the  way  a  top  always 
moves  at  right  angles  to  the  direction  one  wants  it 
to  go,  appealed  to  him  as  an  Irishman.  About  1890 
he  had  a  collection  of  tops  arranged  to  illustrate,  some- 
how, Maxwell's  electromagnetic  theory  of  light  ;  and 
his  "  Spinning  Tops  "  is  a  delightful  work. 

Professor  Perry  was  always  an  active  member  of  the 
Institution,  of  which  he  was  elected  a  Member  in  187S, 
and  in  conjunction  with  Ayrton  he  read  many  papers  ; 
also  he  often  joined  in  discussions.  He  was  President 
in  1900-1901.  Personally  he  was  a  splendid,  warm- 
hearted Irishman  ;  perfectly  straight,  and  transparently 
honest.  Ireland  has  given  us  more  than  her  share 
of  men  with  high  mathematical  powers  and  original 
minds.  He  was  always  genial,  and  full  of  humour  ; 
and  he  never  had,  or  could  have  an  enemy  in  the  world. 
He  was  a  Whitworth  Scholar  (1870),  F.R.S.  (1885), 
also  a  D.Sc.  and  LL.D.  His  best-known  books  are 
"  Steam  "  ;  "  Applied  Mechanics  "  ;  "  The  Steam 
Engine  "  ;  "  The  Calculus  for  Engineers  "  ;  and  "  Spin- 
ning Tops."  He  has  also  done  yeoman  work  in 
the  improvement  of  education,  especiallj-  as  regards 
mathematics.  J.  ^z 

AUGUSTO  RIGHI  was  born  at  Bologna  on  the 
27th  August,  1850,  and  was  educated  in  that  city.  He 
was  appointed,  in  1S71,  assistant  in  the  physics  depart- 
ment of  the  University  of  Bologna,  and  two  years  later 
succeeded  Paccinotti  as  head  of  the  Physics  Laboratory 
at  the  Bologna  Technical  Institute.  Subsequently  he 
became,  in  1880,  Pi-ofessor  at  the  University  of  Palermo, 
and  in  1885  at  Padua  University.  In  1899  he  retm-ned 
to  his  native  city  on  being  appointed  Professor  of 
Physics  at  Bologna  University,  a  position  which  he  held 
until  his  death  on  the  8th  June,  1920.  He  was  a 
member  of  numerous  Italian  Societies  and  of  the  princi- 
pal foreign  scientific  Societies,  and  on  three  occasions 
was  President  of  the  Royal  Academy  of  Sciences.  He 
also  served  as  President  of  the  Italian  Physical  Society. 
He  was  considered  to  be  Italy's  leading  physicist,  and 
most  of  the  scientific  Societies  of  his  country  at  various 
times  awarded  him  important  prizes,  among  others  the 
King's  Prize  for  Physics  of  the  Accademia  dei  Lincei. 
He  also  received  in  1905  the  Hughes  Medal  and  Prize  of 
the  Royal  Society  of  London,  of  which  he  was  elected  a 
Foreign  Member  in  1907.  In  recognition  cf  his  high 
scientific  attainments  the  Italian  Government  in  1905 
nominated  him  a  Senator  of  the  Italian  Parliament. 
He  was  the  author  of  numerous  papers  and  works  on 
magnetism,  electricity,  and  light,  several  of  which  have 
been  translated  into  other  languages.  Among  the  papers 
may  be  mentioned  those  on  the  subject  of  electric 
waves,  prexious  to  the  development  of  wireless  tele- 
graphy. This  work  placed  Righi  in  the  front  rank  of 
pioneers  in  connection  with  conduction  in  gases.  Among 
his  more  recent  work  may  be  mentioned  his  investiga- 
tions on  the  conduction  of  gases  in  a  magnetic  field. 
His  published  works  include  "  A  Modern  Theory  of 
Physical  Phenomena."  He  was  elected  an  Honorary 
Member  of  the   Institution  in  191 7. 
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FREDERICK  WILLIAM  SEDGWICK  died  at 
Roorkee  on  the  22nd  March,  1920,  at  the  comparatively 
early  age  of  50.  His  death  caused  a  serious  loss  to 
the  senior  ranks  of  the  Indian  Educational  Service 
in  the  United  Pro\Tnces,  India,  where  for  22  years  he 
had  held  the  post  of  Professor  of  Electrical  Engineering 
at  the  Thomason  Ci\-il  Engineering  College.  He  was 
the  only  son  of  the  late  Lieut. -Colonel  W.  H.  Sedgwick, 
and  was  bom  in  Dublin.  He  received  his  early  school 
education  near  Oxford  and  later  at  Trinity  College, 
Dublin,  and  Emrnanuel  College,  Cambridge,  where  he 
took  mathematical  honours.  Subsequently  he  served 
an  apprenticeship  with  a  firm  of  electrical  engineers 
and  worked  for  a  time  on  the  staff  at  Seafield  Park. 
In  1897  he  was  selected  by  the  Secretary  of  State  for 
India  to  fill  the  newly-created  post  of  Professor  of 
Electrical  Engineering  at  the  Engineering  College  at 
Roorkee,  which  was  being  re-organized  at  that  time  in 
accordance  with  the  recommendations  of  the  Colvin 
Committee.  The  Thomason  College  was  really  an 
Indian  forerunner  of  Cooper's  Hill  founded  about  1847. 
The  great  advances  in  engineering  education  which 
took  place  in  England  during  the  'seventies  and  'eighties 
rendered  necessary  some  modification  of  the  original 
purpose  and  scope  of  the  College  at  Roorkee.     Conse- 


quently, no  hght  task  confronted  Professor  Sedgwick 
on  his  arrival  in  India,  and  during  the  22  years  which 
he  spent  at  Roorkee  his  energies  were  whole-heartedly 
devoted  to  the  educational  interests  of  the  institution 
whose  staff  he  had  joined.  Though  not  a  strong  man 
phj'sically,  he  never  spared  himself  where  the  interests 
of  his  work  were  concerned.  His  advent  marked  an 
epoch  in  the  life  of  the  college,  at  which  he  strove  to 
lay  the  foundations  of  a  modem  school  of  engineering. 
His  work  was  handicapped  bj-  difficulties  incident  to 
educational  work  in  India,  but  that  he  achieved  no 
small  measure  of  success  was  clearly  shown  in  an 
appreciative  notice  which  accompanied  the  announce- 
ment of  his  untimely  death  in  the  United  Provinces 
Government  Gaiette.  He  was  a  man  of  varied  interests 
and  considerable  charm  of  social  manner,  which  will 
cause  his  loss  to  be  deeply  regretted  in  a  ^\-ide  circle 
of  acquaintances,  pupils  and  colleagues.  To  his  personal 
friends  the  circumstances  of  his  verj-  sudden  end  appeared 
especially  tragic,  since  he  died  after  a  ver\-  brief  illness 
within  a  few  weeks  of  the  date  on  which  he  was  to  have 
taken  furlough  to  England,  where  his  wife  and  children 
were  awaiting  his  arri^•al.  He  was  elected  an  Associate 
of  the  Institution  in  1894  and  a  Member  in  191 1. 

E.  F.  T. 
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(p)  indicates  a  reference  to  the  general  title  or  subject  of  a 

paper  or  address, 
(p)  indicates  a  reference  to  a  subject  dealt  with  in  a  paper  or 

address  of  which  the  title  is  not  quoted. 
(d)  indicates   a   reference   to   a   discussion   upon   a   paper   or 

address  of  which  the  general  title  or  subject  is  quoted, 
(d)  indicates  a  reference  to  a  subject  dealt  with  in  a  discussion 

on  a  paper  or  address  of  which  the  general  title  is  not 
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A. 


Abstracts,  Science,  report  on,  igig— 20.     315. 
Accounts,  annual  statement  of,  for  1919.     320. 

,  Benevolent  Fund,  for  1919.     642. 

,  report  on,  for  1919.     316. 

Acoustic  detection  of  obstacles.     C.  V.  Drysdale,   (p),  575. 
Adams,  H.     Equipment  of  artisan  dwellings,      (d),  487. 
.\ddress  of  W.  Cross,  as  chairman  of  North-Eastern  Centre. 

15- 

of  A.   Ellis,  as  chairman  of  Western  Centre.     23. 
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Centre.     55. 
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of  R.  T.  Smith,  as  President,     i. 
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of  R.  Tanham,  as  chairman  of  Irish  Centre.      19. 

of  A.  P.  Trotter  to  Students'  Section.     117. 

Aeroplanes,  wireless  telephony  on.     C.  E.  Prince,  (p),  377  ; 

(D).  384. 
Aircraft.     {Also  see  Aeroplanes). 
,  duplex  wireless  telephony  for.     P.   P.   Eckersley, 

(P),  555  :    (d)-  565- 
Alcock,  a.  E.     Power  from  blast-furnace  gas.     (d),  451. 
Allcock,  H.       Scientific  management,     (d),  356. 
Alternator.     (Also  see  Generator). 

,  reluctance  of  teeth  of.     S.  Neville,  (p).  61. 

windings,   eddv  currents  in.  H.  \V.  Taylor,  (p),  279  ;. 

(D),  298. 
Ammonia,  recovery  of.     W.  H.  P.atchell,   (p),  425. 
AmpUfiers,  cascade.     H.  J.  Round,   (p),  239. 
,  cascade,    design    of.      C.    L.    Fortescue,    (p),   65 ; 

(D),  74- 
Analysis,  harmonic,  practical  method  of.     P.  Kemp,  (d),  892. 
Anderson,    D.    S.     Awarded    David    Hughes    Scholarship, 

1919-20.     313. 


Andrews,  L.     By-product  producer  gas  plant,      (d),  446. 
Angold,  a.  E.     Carbon  arcs  for  searchlights,      (d),  104. 
-Apparatus,     electrical,     installation     and     maintenance     of. 

W.  Cross,  (p),  15. 
Appointments  Board,  Electrical,  report  on,  1919-20.     310. 
Archibald,    R.    D.     Equipment   of   artisan   dwelhngs.      (d), 

4S5. 
Arcs,   carbon,   for  searchlights.     C.   C.   Paterson,   J.   \V.   T. 
Walsh,    A.     K.    Taylor   and    W.   Barnett,    (p),   83  ; 
(d),  97- 

,     high-current,     developments     of.     J.     P.     Yorke, 

(p),  651. 
Argentina  Local  Centre  formed.     314. 
Arnett,  C.  T.  S. 

Failures  of  turbo-generators,      (d),  277. 
Scientific  management,      (d),  347. 
.\rtisan     dwellings,     electrical     equipment     of.     L.     Milne, 

(p),  464  ;   (d),  476. 
.\shdo\vn,   H.   H.     Transformers  for  electric  furnaces,     (d) 

218. 
Ashton,  a.  W.     Equipment  of  artisan  dweUings.     (d),  484. 
Atkinson,  L.  B. 

Contract  prices,     (d),  879. 
Elected  President.    1920—21.     762. 
Permanent  magnets,      (d),  825. 
Scientific  managament.     (d),  342. 
Speaking  at  Annual  Dinner,   1920.     264. 
Speaking  at  Annual  General  Meeting,  1920.     764. 
Auditors  ;  Allen,   Attficld  &  Co.,  re-elected.   1920.     764. 
Ayrton,  Mrs.     Carbon  arcs  for  searchlights,     (d),  98. 
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Bairsto,  G.  E.     Plug  leakage  ;    effect  on  ignition,      (p),  507. 
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(D),  483. 
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Meter  defects,     (d),  749. 

Standardization  rules  for  electrical  machinery,     (d),  600. 
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1919-20.     315. 
Baumann,  K.     Faulures  of  turbo-generators,      (d),  270. 
Beard,  J.  R.     Protection  of  a.c.  systems,      (d),  618. 
Beauchamp,   J.  W.     Equipment  of  artisan  dwellings,     (d), 
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Bedvvorth,  B.     Scientific  management,     (d),  365. 
Bell-Walker,  C.     Scientific  management,     (d),  360. 
Benefaction  to  the  Institution.     311. 
Benevolent  Fund  Accounts  for  1919.     642. 

. Fund  :  Annual  General  Meeting,  1920.     641. 

Fund  Committee,  1920-21.     64-1. 

Fund  Committee,  report  of,  for  1919.     641. 

Fund,  donors  to.     63,  200,  327,  644. 

Fund,  report  on,  1919-20.     311. 

Bentham,  H. 

By-product  producer  gas  plant,      (d),  45S. 
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